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THE ENGINFERING PRORLEMS ASSOCIATED ' UITH THE

FIGH PRESSURE._ SYNTHESIS OF AMMONIA AND METHYT.

ALCOHOL _ AND WITH THE OXIDATION OF AMMONIA _TO

NITRIC _ACID

EIY‘ROQUJ’S.‘IOXT.

Yhoe devclopment of the procens for the direct
synthcois of Arrionia is comparatively rcccente . A conslderable

 anount of rescarch work was carricd out by Haber, lernst and

othors betwuceecn 1900 and 1910 on the armonia cquilibriun and 1t
vas largely as a veoult of this vork: that cxaerinentcl ool
tecehnical unito vere brouszht into operation in 1010.

: The first coaercial plant wos built at Oppau and
comacneed production at the end of 1913. Starting vith an
annual output of 7000 tons of nitrogen 1to capaclty wes
successively inercascd during the Uordd uvar to the figurc of
60,000 tons by 191G In that year a scocond plant vas laid

dovm at Leuna having an initiol annual capacity of 80,000 tons of
fixcd nitrozene This was incrcascd to 130,000 tono per year by
1918, The phenorionally rapid incwcoso in the size of these
plants illustrates their importance to Cermany duringz Lorld war I
their production cnobled her to withstand the Alliled blocLadc and

' undoubtcdly lengthened the var connideroblye

¥ollowing the Aralotice the process rapicly spread
to other coumtricce. In uvagland $uo units verc put into opcration
The f£ipgt an cxperinental unit ncar Liverpool; the cceond a large
seale plant at Billinrhan producing 150,000 tons o< Lnlonia per .
Qnnuiile :

The British re-amioment program:e vhich wvas
comracnecd scveral ycars bolore Lorld Uor Il. called for adcitional

fitmonia produetion capacity in areas rclatively frce fron acrial
attacke Do ucct these reculrcrients a ~7,000 tons por annun
MTonia plant was crected on the west coast of Gcoatland and a
45,000 tons por onnun plant uas crceeted in tho anuth of .2alcse
“hese wniteo cone into production in 1939

- The histopy of Ar-onia cymthesis in Justralia bozins
vith the corcction of a unit at !.cor Parke Zhig plont vhich hes
a capacity of 3500 tono was brought into operation in 1940.

Sinee that dato foup adui%ional,units have beca bulld for the
Corl.ioncealth Coverangnt brinzing the totol p?ouuctioﬁ capaeity of
Australia 6o 16500 tong/annune of /Jyvioniae These unitse are
situatcd at Albion, Ballarat, Villavood and ulvuala.

“he developacnt of a process for the synthegsis of
Uethyl clevhol was larscly carvicd cut in the years Lollovwlng
world tare Ie 4O plant was crected ot Billincnon vith a ewpacity
of 20C0 trns por canun and it vas brought into coinidlsclion in 19506
Units of ¢thic %type are normally opcorated in conjunetlon vwith
Auronda synthosis plantsy althourh the reeent -heavy dciand Cor
the cxplocive R.UeX. (Cyelodrimethylenc Trinitranine) hos
reculted in geveral lavge fants in Lglond beingy convoreed fop
the oxelusive production of icthyl alcohol.

Tho £irot unit to opcrate im fustralis wao comploted
in i847%. 1% canc into production in that year with a copacity
of 1000tons/annun. -8ince that date threc additional unite have



]
been erected with the total annual output of 3000 tons.

The developaent of the process for the catalytic

oxidaticn of ammoni:s followed immediately upon the successful
- gynthesis of this substance. The intrcduction of high chrome

irons cnd austenitic stainless stecls hove largely solved the -
difficult corrosion protless assoeiated with the carly plants.
The ataospheric oxidation unit was chosen for Australia's
“wertine requirements oviing to the ease with which the equipaent
recuired cculd be produced locally at short notice. The total
production capacity of these units is 11000 tons per annuu.

, This thesis is concerned primarily with the
rastralian Governuent s/nthesis and oxid: tion plants. Section
1 covers the general descripti.n of -the process used in these
units and sectitn 2 describes in detail the plant and eguipment
employed. The maintenance organication and procedure rclating
to these factories is outlined in section 3. Jection 4 which
has a wider application is concerned with the desizn of high
pressure nlont end equipaent. In general Eritish practice is
cited although some roference has been masde to American and
Conténental features. 3ection 5 covers the specific apnlicétion
_end seope of uscfulness of the various naterials of construction
emnloyed on the plants described.

As the infor.ation in certainr sections of this
thesis is of a cecret nature it is recuested that the contents
be treated ns econfidentirl. In giving wcrmission for the
preparation of this thesis I.C.I.A.N.2., Ltd., did so on the
understanding that the inforiation contained therein, either as
illustrations or descriptiins would not te reprinted or copied.



DESCRIPTION OF PROCESSES FOR THE
SYNTHESIS OF AMMONIA
SYNTHESIS OF METHYL ALCOHOL
AND THE OXIDATION OF AMMONIA TO NITRIC ACID.

INTRODUCTION :

The processes described hereafter relate to
Plants that were designed and built in the emergency of
ware. This fact has materially effected the type of
process chosen and the type of plant .employed.

Thus under peace time conditions when-operating
expenses are a more important consideration than in war
time more elaborate equipment would have been installed
where a more efficient process or reduced supervision made
the capital outlay worthwhile. An example of the former
case_would be the provision of s Franéis turbine on the

let down line from the CO9 removal tower t0 recover a
proportion of the power used to force the scrubbing water
into the tower which operates at approximately 125 1lbs/sq.in.
gauge. As up to 300 tons/hour of weter is circulsted ‘
in this system the amount of recoverable power is appreciable;
in gctual fact it is found to be approximately 70 H.P. In
the latter instance the strength of the nitric scid formed
by the oxidation of ammonia is markedly aeffected by the
pressure under which the reaction takes place. It is generally
more profitasble to carry out the reaction at 120 lbs/sq.in.
gauge when the acid produced is 60% strength compared with the
50% acid produced from a plant operating at atmospheric )
Pressure. In the case of the pressure oxidation plants
a power recovery engine extracting energy from the hot exhsust
gases is usually warranted. The difficulties of manufactur-
ing a pressure oxidation plant in Australia resulted in the
adoption of the atmospheric pressure unit.

C Another wartime factor which influenced the design
of the coke handling equipment was thc possibility of
irregular coke suppliese Provision for the storage and
handling of approximately 700 tons of coke would not be
Justified under peacetime conditions but it was considered
essential to have this amount of coke, which represents
approximately four week's consumption, on hand.for use should
enemy action restrict the normsl supply of fuel to the sitc.

The gasholder design was to a large extent affected
by the conditions and restrictions operating at the time they
were designed. The possibility of serial attack and the
acute shortage of steel plate resulted in these holders being
built in concrete tanks formed below ground level,

.The processes have been divided into three main
sections as they fall naturally into these three groups. It
should be remembered,however, that the steps especially with
respect to methanol and ammoniafre largely interdependent.
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DESCRIPTICON OF PROCESS FOR THE SYNTHESIS
OF AMMONIA.

GENERAL:

Essentially the particular process described for the
synthesis of ammonia involves the generation of semi~-water gas
(i.e. water gas conteining some nitrogen), the enrichment
of the hydrogen content of this gas at the expense of the CO
present by means of the iron-steam resction, its compression
and purification and finally the synthesis from it of ammonia.

The process is a.continuous one and in designing
the plant the assumption has been made that it would operate
300 days per year,’ In this period at full output rates
the plant described should produce 3150 short tons (or 2850
short tons if the methanol plsnt is in operation). .

The various steps in the proceSS'are as follows:~-

(1) @as_Production. The semi-water gas is produced
- by passing steam and air through a bed of xncandescent
coke,

(2) Sulphur Removal. Hydrogen Sulphide is removed from
the raw semi-water gas by passing it through beds of
hydrated iron oxide.

(3) Hydrogen Plant. Steam is added to the gas and the
resultant mixture passed over a catalyst. A large
proportion of the CO in the gas is oxidised at the
expense of the oxygen present in the steam to COp
‘with the formation of an equivalent amount of hydrogen.

(4) Compression. The gas is then compressed to 350 ats.
in a six stage gas compressor. It is bled off at

the second stage to the CO2 removal plant, On return
from the COs removal plant it enters the 3rd stage.

(5) COo_Removal. The bulk of the COp in the gas is
removed by countercurrent scrubbing with water.

(6) cO Removal. After compression the gas is scrubbed
with a copper ammonium formate solution which dissolves
out the remaining CO2 and associates with the CO
present. This solution is regenerated and
subsequently re-=used.

(7) Finol Purification. The gas then passes to @ caustic
bubbler and a charcoal scrubber for the removal of the
-final traces of COp and organic sulphur compounds.

(8) Ammonia Synthesis. The make-up gas is fed into the
synthesis circulation system where & proportion of the
gas 1s synthesised to ammonia by passage over a
' catalyst. The ammonia is subsequently precipitated
by condensation and the unconverted gas is recirculated;
the deficiency being made up by the new incoming gas.

These processes are described in detail as follows:-
GAS PLANT.

In this plant the production of gas is achieved- by
passing steam through an incandescent bed of coke situasted in

a water jacketted generator. As the reaction is endothermic
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it is necessary at certain periods to restore the temperature
of the coke bed by shutting off the steam and blowing with
air, As there is far more nitrogen in this blow gas than
is required for the production of =mmonia it is necessary to
pass it to atmosphere. . '

The cycle is further complicated by the fact that

the alternate passage of air and steam through the coke in

one direction only would result in the inlet section of the
~ coke bed becoming too cold and the outlet section increasingly
hot with a resultant increase in the liability of an explosion
and the formation of clinker, . To overcome this unsatisfactory
tendency the direction of the steam flow is reversed for a portion
of the cycle. This leads to the following arrangement.

{1) Blow - Air passed up through the coke to atmosphere.

{2) 1st up run - Steam passed up through coke
: resul tant

(3) Down run - Steam passed down through coke gas to

Holger.
(4) 2nd up run - Steam passed up through coke

: This slternating cycle is achieved by a system

of valves which are described later. -In practice the cycle
is complicated by the necessity to purge out the base of the
generator at various stages to prevent gas explosions.

The cycle normally takes six minutes which could
be allocated as follows:-

1st up run - 25 geconds

Dowvn run =« 85 "
2nd up run -4155 " : -
Blow -95

The auxiliary air required for the‘nitrogen content
of the gas is asdmitted with the steam during the second up run.

Volatiles in the coke assist in the formation of
methane which is not desirable, Hydrogen sulphide and
organic sulphur compounds are also present in the raw gas as
it comes from the generator, ~

: The composition of the gas made 1s dependent on
the air and steam rates employed, the relative quantities of
upsteam and downsteam, the cycle timing, the generator
temperature and the frequency of charging, all of which can
be varied to suit the particular type of coke used and the

gas composition requirements. A typical composition of the
gas generated at the gas plant is as follows:-
Ho 35¢2%
co 33.7%
" No 22.8%
CO2 6.6%
CH), 0:5%
Inerts Ol
HoS 0.L4%
02 : 0 ° ’.].%
4100%

Coke is charged into the generator intermittently
at the top; approximately 30 cwt. is added at each charge.

I
3

. g
AT



-6—

The ash and clinker are discharged through a water seal in
the base of the generator, :

: Gas from the generators is gollected in a header
and piped to a raw gas holder of 2000 M- capacity. This
holder as well as providing a suitasble storage to even out

the intermittent rates of generation due.to cyelic changes

and generator conditions also acts as a convenient buffer
vessel where irregularities of gas composition can be averaged .
to achieve a more uniform analysis. To assist in this
latter object the inlet and exit lines enter and leave at
opposite sides of the holder, Thus all gas made must pass
through the raw gas holder,

The method used is that normally practised by gas
works or in other processes where the percentage of HoS in the
gas 1s small and it is desired to completely remove this
impurity. . : -

The reactions involved may be written as follows:-
2Fe(0H)3 + 3HpS = FepSz + 6Ho0 (1)

The sulphide may be re-oxidised in the presence
of water thus, ' : ‘

2Fe2S3 + 302 + 6Hp0 = LFe(OH)3 + 68 (2)

These reactions are exothermic, the former is
normally more rapid than the latter,

The gas is passed through beds of the iron hydroxide .
which is dispersed on wood chips to increasse its surfsce area
and render it porous. In practice 2% by weight of sodium
carbonate is added to increase the activity of the mass. The
oxide is initially installed containing 20% moisture and this
emount is retained during service by means of the careful
control of moisture in the incoming gas steam. ‘

By adding a small quantity of air to the gas stream
it is possible to have reactions (1) and (2) above proceeding
simultaneously The difficulties involwed due to the relative
slowness of (25 are overcome by having four "boxes" of oxide
in series. The bulk of the HpS is removed in the first box
and revivification of the oxide proceeds in the latter boxes
when the H2S content is extremely low. The order of the
boxes is changed at regular intervals in order to equalise the
deposition of sulphur in the oxide beds.

Temperature control of the boxes is important as
at temperatures greater than 30°C. a reaction leading to the
formation of iron sulphate is liable to occur. This is
undesirable as the sulpheste immobilises the iron rendering it
unsuitable for further use.. This reaction will also occur
at lower temperatures if the pH of the oxide is a2llowed to fall
below 6.5. Should the oxide show a tendency to do this
ammonia is added to the inlet gas.

Gas from the raw gas holdér is passed through a
centrifugel fan which is fitted with a water spray impingeing

onto the inlet eye of the impellor, This fan serves the
double purpose of boosting the gas pressure snd also washing
out some of the tarry impurities. From the fan the gas

passes to the oxide boxes where as well as removing the HoS the
oxide beds act as efficient filters for the removal of any
entrained particles. ' .

The HoS in the gas leaving the oxide boxes and
Passing to the hydrogen plant is normally less then 4 rart in
100,000, .



HYDROGEN PLANT:

. In this plant use is mede of the "iron-steam
reaction" to increase the hydrogen content of the gas at the
expense of the CO present. The reaction may be written as
followst-

CO + HoO =@ COp + Hp = 10.1 Kg cals.

It is carried outhdver a promgted ironopelleted catalyst at
temperatures ranging from 350°C to 500-C, As shown above

the reaction is strongly exothermic snd the heat generated is
usefully employed to heat the incoming gas to the operating
temperature of the catalyst by means of interchangers, and
also by means of countercurrent contact scrubbing to heat
water, This hot water is in turn scrubbed by the cool
incoming gas thus raising the temperature of the latter and
saturating it with water vapour at the higher temperature
thereby supplying some of the water required for the reaction,
The remainder is blown into the gas through an injector which
uses the pressure of the incoming steam to boost the gas
pressure sufficiently to produce an adequate flow through the

- catalyste.

As the reaction is an equilibrium exothermic one,

the lower the temperature at which 1t tokes place the more
favoursble will be the praduction of hydrogen; however lower
temperatures reduce the velocity of the reaction considerably.
In order to strike a satisfactory balance between these two
opposing factors two beds of catalyst each of three trays are
uged with an intermediaste interchanger for removing heat -from
the partially converted gases.

Even after passing through the interchangers and
the water heating tower the converted gas is still too hot
(60 - 70°C.) for compression and is thus pessed through two
gas coolirig. towers where it is cooled to approximately 23°C
by counter-current scrubbing, A typical snalysis of the gas
passing from the hydrogen plant would be as follows:-.

~Hp ~ 50%
co - L4z

N2 - 16.3%
002 - 28, 6%

CHy, ~  OJug
Inerts - 0.3%
100%

COMPRESSION PLANT:

On the Australisn Ammonia Plants the synthesising
pressure is 350 ats. This pressure is used &s it strikes an
economic balance between the costs of compression and the size
of plants used and conversion efficiencies obtained. The
original Haber-Bosch units were generally operated at pressures
ranging from 200 - 250 ats, however, in recent years the
tendency has been to increase this pressure and 350 - 360 ats
is now commonly used. The fact that relatively few of these
units sre in operation or are required to be designed retards
any tendency to alter factors such as the operating pressure,

The gas in the Austrelian Units is compressed in
six stages. It is bled off to the CO2 removal plant after
the 2nd stage delivery and returns from the COs removal plant
to the 3rd stage suction, From the 6th stage delivery it
passes to the CO removal plant or alternatively to the Methanol
Synthesis plant. Gland leasks are collected and passed back
to the compressor suction. . .



COp REMOVAL PLANT:

In the CC2 removal plant the major portion of
the COo is removed by counter current scrubbing with water
under pressure. The pressare chosen is 125 lbs/sq.inch
gauge ‘as at this pressure the CO2 content can be reduced to
such a value that the remrining traces can be dealt with
satisfactorily in the CO- removal plant,

_ This water scrubbing under pressure 1is also
beneficial as it removes organic sulphur compounds and some
of the traces of HoS which are still present in the gas.

The water used in this process is stripped of.
dissolved COo etc. by passing through a forced draught tower.
It is returned to a sump and recirculated.

The gas from the 002 removal plant is returned to
the 3rd stage suction. A typnical composition for this gas
would bes- .

H2. - 6805%
Cco = 602%
No = 22,84

- CO2 = 175
CHy - 0.5%
Inerts - 043%

100%

CO_RENMOVAL PLANT:

Gas going to the CO removal plant contains
hydrogen and ni trogen in the ratio of 3 ¢ 1 together with
small percentages of CO, COp, CHy esnd inerts and traces of
organic sulphur compounds, IlIoS and oxygen.

: It is not practicable to remove the methane and
the inerts (vhich consist mainly of argon); however, as these
act as diluents only and do not have any poisoning action on
the ammonia catalyst their presence in small concentrations
is not harmful.

It is important that all CO2 be removed as its
presence in the synthesis system would result in ammonium
carbonate blockages. -

CO and oxygen compounds act as temporary poisons
to the smmonia catalyst and therefore must be removed as
effectively as practicable before the gas enters the synthesis
section. - Up to 4 parts in 400,000 of CO heve no appreciable
effect but above this figure the actlvity of the amnonia
catalyst is materlally affected.

Sulphur compounds act as a permanent poison to the
ammonia catalyst. Even slight traces have a marked effect,
and 1t 1s essential that they be efficiently removed if the
catalyst is to remain active for any length of time., -

In the CO removal plant the gas at the full
synthesis pressure (350 - 360 ats) is scrubbed vith "copper
1i quor"©, Copper liguor is a solution of cuprous and cupric
formate and carbonate in emmonia liquor, This liquor readily
forms complex compounds with the CO thus ensuring its removal
from the gas strean, The emmonia present combines with the
COo and the liquor also absorbs sulphur compounds which settle
out from the copper ligquor in the form of a sludge.

For the removal of the final traces of CO2 a caustic
bubbler is installed through which gas leaving the CO removal

tower is made to pass. After the caustic bubbler the gas



enters a vessel filled with activated charcoal for the

removal of sny traces.of sulphur compounds that may not have
been removed by the copper ligquor in the CO tower.

‘ The CO removal tower operates at the highest possible
Pressure to ensure that the removal of the CO and COs is as

complete as possible. The loss of power in the form of
wasted compression energy is not great as the percentage of CO

and COp, in the gas at this stage is sma 1.

A typical smalysis of the gas at this stage would
be as follows:~

-

Hp 7u.mﬂ'
Inerts 0.3%
. CHY 0.5%
100%

The gas-at this point is still saturated with
water vapour,

The copper liqpor can be regenerated and made
suitable for re-use by heating to 70°C, During this heating
period the CO and COo are evolved; they are collected end as
this gas mixture is approximately 70% CO it is advantageous
to return it after serubbing with water to remove traces of
eammonia to the gas streasm immediately before the hydrogen plant
where it casn usefully be employed for the production of
hydrogen, After heating the copper liquor is cooled and
returned_to storage.

AMMONIA SYNTHESIS:

The synthesis of ammonia is achieved by passing
the compressed and purified mixture of three parts of hydrogen
to one of nltrogen over a catalyst at a pressure of 350 - 360
ats,

The reaction is sn exothermic one and may be
represented as follows:-

3Hp + Np = . 2NH3z - 27.2 Kg. cals.

As the reaction is exothermic the percentage of
ammonla in equilibrium is higher the lower the temperature,
however the velocity of the reaction is greatly affected by
temperature so that a balance of temperesture must be struck at
all points through the catalyst bed in order to obtain the
optimum percentage of ammonia in the exit gase. These
conditions require the temperature of the first layers of
catalyst to be high in order that the reaction may proceed
quickly et this stage and the temperature of succeeding layers
to decrezsse in order that the reaction mey proceed to the
farthest extent in a direction favourable to the formation of
- the greatest percentage of ammonie.

The control of the temperature gradlent of the
catalyst in the ammonia converter is therefore important and
the way in which it is achieved can be followed by mecns of
the sketch showing the diagrammatic arrangement of controls.

The entering gass may be passed directly to the
top of the catalyst bed by means of the direct by-pass or it
may follow the more normsl route cf passing down the wall
cooler {used solely for cooling the containing forging) and -
through an interchsnger. This interchanger is slso

provided with a by-pass. After the interchanger the gas
enters a number of tubes running through the. catalyst and by—
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passing up through them it removes the reaction heat
preferentially in such a way that the bottom or tail sections
of the catalyst bed are maintained at a lower temperature
than the top or inlet sections. Leaving the catalyst
cooling tubes the gas passes over an electric heaster used for
starting up purposes and passes down through the catalyst.
From the catalyst bed the converted gas passes through the
interchanger and leaves the converter, Operation of the
direct and interchanger bypassses and variaton of the gas rate
through the converter control the temperature gradient of

the catalyst..

The gas leaving the converter msy contain up to
15% ammonia snd this is removed in two stages. First by
indirect wgter cooling to about 25°C. and then by cooling to.
about -« 15°C, by the ammonia refrigeration., After each step
the condensed liquid emmonia is collected and blown to storage.
The gas leaving the final condensation contains 2% ammonia,

The unconverted gas is passed back to the converter;
circulation being maintained by meass of a booster pump,
The deficit caused by the removal of condensed ammonia is made

up by the entry of fresh gas from the purification system,
The rate of this make up gas is controlled to balance the

ammonia synthesised.

. It is customary to bleed the make up gas into the
circulstion system at a point just before the smmonis
refrigerator, All saturated meke up gas is thus cooled to
~159C and the majority of the water it contains is thereby
condensed with the liquid ammonia, It is important to remove
- the water vapour at this stage as it acts as a temporary poison
to the ammonia catalyst. -

The methane and inert content of the circulating
gas tends to build up in the system and in order to keep this
at a suitebly low figure it is necessary to systematically
purge a small proportion of the circulating gas. "This is
passed through a purge gas scrubber for the recovery of any
ammonia it may contain., The scrubber is operated on weak
liquor and serves as a useful source of agqueous ammonia,



GAS FLOWSHEET FOR PLANT TO MAXE 2,850 SHORT TONS/YEAR OF AMMONIA
AND 1,000 SHORT TONS/YEAR OF METHANOL
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DESCRIPTION OF PROCESS FOR THE SYNTHESIS

OF METHANOL

INTRODUCTION :

The plant for synthesising methenol is run as an
ancillisry unit to the ammonia synthesis plant, Normally
the methanol unit would not operate unless the ammonia plant
was synthesising ammonia. It is customary to pipe ges
from the compressor to the methanol circulation system and
to bleed gas back from the system to the inlet of the CO
removal plant,

METHANOL SYNTHESIS PLANT:

Methanol is synthesised by passing a mixture of
gases consisting of two part of hydrogen to one of CO over s
catalyst at 350 = 360 ats and 350 - L,00°C. The resction
may be represented as follows:

CO + 2H, @ CHzOH - 4.6 Kg. cals,

. The arrangement of the converter and circulation
system is generally similar but less elaborate thsn that used
for ammonia synthesis. The gas entering the converter
passes through an interchanger provided with a by-pass snd then
down through the catslyst, back through the heat interchanger
and away from the converter, Very little control is
obtainable over the temperature gradient through the cateslyst
and this only by wvariation of the circulation rste. The
inlet temperature.of the gas going to the catalyst is controlled
by adjustment of the by=-pass. . A conversion of up to 2%
is obtained., The methanol so formed is precipitated by
cooling, using indirect counter-current water coolers, snd then
collected in a catchpot and blown to storage. It contains
approximately 20% water, The unconverted gas is recirculated
by means of a booster pump.

The composition of the gas enterlng the system which
is injected immediately before the converter is largely controlled
by the requirements of the ammonias plant and the ability of the
CO02 removal end CO removal plants to effectively hasndle the

corresponding gas rate. A normal snalysis would be as follows:-
N2 - 1802%
002 - 102%

CHy, - 3%
Inerts - « 2%
) 100%

The bleed off from the system which is teken upstream
from the inlet point would normally have the following
compositions:~

HQ - 69.’-&6 ‘
N2 - 23.1%

CHj, - 0.4%
Inerts = 0.3%
100%
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DISTILLATION OF CRUDE METHANOL:

The crude methanol from the synthesis plant
containsg up to 20% water and traces of iron carbonyl, ammonisa,
and organic compounds.

The iron carbonyl is removed by doping the crude

spirit with LO% ceustic and then blowing with air for 24 hours.
This tekes place in ‘the crude methsnol storage tanks. After
this treatment the spirit is fed to a 48 plate still;  the
refined methanol is taken off at the appropriste tray (ususlly
six from the top). Water is withdrawn at the bottom and
methanol contaminsted with lighter fractions is refluxed st
the top. A bleed off fram this reflux is tsken to a second
reflux still where the crude methanol from the bottom is run
back to the crude methanol storage.

The refined methenol from the primary still is
run through a cooler snd then into batch tanks for testing.
If it is satisfactory it is run to the refined methanol
storage tanks and is exported from these in tenkers or drums
.a8 required, - Should it be found to contain smmonia when
run into the batch tanks it is doped with sulphuric acid and
then returned to the crude storage for redistillation,

The distillation process is continuous and with
careful plant control it is possible to produce refined -
methanol which meets the following specification.

(1) sSpecific Gravity at 15.5°C. - max. 0,799
" (2) Boiling Renge - at rate of 3 h.mls/min., not less

than 95% between 6L4.5°C x 65 59 at
- 760 mms Hg pressure.,

(3) Methanol - greater than 99%
Ketones - 1less than .05 gms/100 mls.
Aldehyde - m "o,05 "
Acidity - v "o, 0oL " "
Residue - " " oL.01 "

Total Sulphur " " ,004 " "
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DESCRIPTION QE PROCESS FOR THE OXIDATION |

OF AIMONIA.

ATMOSPHERIC AMMONIA OXIDATION:

The oxidation of ammonia to nitric oxide takes
plece as 8 catalytic reaction when an smmonia : air gas
mixgure is passed over a platinum gauge at approximately
875°cC, A

The ammonia ¢ air mix is obtained by passing
emmonia liquor down a stripping column up which air is blown,
The air rete and the ammonia liquor rate sre adjusted to give
sn ammonia gas strength of 8 = 10%." Steam is blown into
the base of the column to assist in the stripping processs.
Denuded liquor snd condensed steam are run out st the bottom
of the column through a luted drain, The amount of
ammonia left in the effluent is small and should not exceed

0e1%.-

The emmonia : air mix is passed from the stripping
colum to the converter cold gas header fram which the
converter inlet maing lead off to the respective converter -
units. The converters are fitted with interchangers to
heat the incoming gas at the expense of the converted gas. The
gas reaching the geuze is usually st 200°C,

. The idesl conversion reaction may be written as
follows:- :

LNH3 + 505 =3 LNO + 6 Hp0 - 215 Kg cals.

A certain ppéportion‘of the ammonis and the
nitric oxide degenerates into nitrogen; these reactions take
place on the gauge itself and on the hot metal surfaces of

the interchanger, These "degenerate" reactions lower the .
efficiency of the converters in some cases by up to 3%.

As the formation of nitric oxide uses only a
proportion of the oxygen present in the ammonia : air mixture
there is a considerable quentity remaeining for the oxidation
of nitric oxide to nitrogen peroxide. This takes place ss
follows:-

2 NO+ 0 a2 2N02 -~ 28 Kg cals.

This exothermic equlilibrium reaction proceeds
almost entirely in the direction of the peroxide at temperatures
below 150°C. It is obviously edventageous to cool the
products of conversion as quickly and effectively as possible
and this is done in air and wter coolers of large capacity in orde
that the oxidation reaction may proceed as far as possible,
Some of the peroxide formed will combine with the water present
in the gas stresm which has been derived fram the conversion
reaction and the bresking down of ammonia, This combination
of the peroxide with water proceeds as follows:-—

' 3N02 + H2O =3 2 HNO3 + NO

The nitric scid so formed — about 25% strength -
is collected and drained\off to the acid circulating system.

The gas leaves the coolers and enters the asbsorption
system at about 25°C, In this system which congists of ten
ring packed towers connected in series the gas is scrubbed with

weak nitric acid and the absorption of peroxide is carried out
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and the nitric oxide so formed is further oxidised, The
circulation of each tower is maintained separately but water
is fed into the last tower and acid from it is sllowed to
migrate to the next tower; this process is repeasted with
subsequent towers resulting in a gradient of acid strength
from the first tower which is circulsting at approximately 50%.
down to the last tower which is circuleting at approximately

6% Coolers are fitted to the first seven circulation
systems to assist in the absorption process.

The volumes of the oxidiser-cooler and the
'absorptlon towers are large enough to give almost complete
oxldation and absorption of all the converted nitrogen.
Efficiencies of 97% are possible in this section under normal
conditions. - The unabsorbed gas con31sting mainly of
nitrogen and a small proportion of oxygen is dlscharged from
the tOp of the last tower,
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DESCRIPTION OF PLANT AND EQUIPHENT REQUIRED FOR THE SYNTHESIS
OF AMITONIA AND IMETHANOL AND THE OXIDATIOIN

Introduction and‘éeneral Layout.

Of the five factorles built in Australia for the
synthesisc of amonia etc., the Mulwala unit has been chosen as
the most suitable for detailed description. All the units
arc essentially similar, the main differences being in the
orientation of buildings to suit local conditions.

At Mulwala, the oxidation plant was located approx-
Aimately 250 yards from the ammonia and methanol plants.

The location plans show the disposition of the
various sections, the key to these being as follovs:=-

ForzAmmonia and HMethanol Sections -

l. Coke Storage and Coke Handling Plant

2, Gas Plant Cooling Tower

3. Gas Plant

Le Raw Gas Holder

5. Sulphur Removal Plant

6, Fresh Tater Emergency Storage Tank

7. Lavatory Block

8. Administrative Offices

9. Uorkshops and Store
10. Hain Cooling Tower

1l. Anti-Gas Training Test Chamber
12, Nitrogen Plant - ,
13, Forced Draught Tower for CO2 Removal Plan
14. Copper Liquor Preparation Plant
15. Tower Structure :
16, Ammonia Plant
17. Sub-Station
18. HMethanol Loading Out Platform
19, Methanol Distillation Tower Structure
20. Refined Hethanol Storage Tanks
21. Crude llethanol Storage Tanks

22, Changeroom

23. HMessroom :
24, Catalysed Gas Holder ‘
25, Anhydrous Ammonia Stock Tanks (foundations only).

Access to the site is provided by 18' bitumen sealed
roads and a 5'3" gauge railroad for coke deliveries.

The Gas Plant is housed in a steel framed building
30' wide by 60' long by 60' highs The roof is sheeted with
"super' six" corrugated sheets and the walls with 3" corrugated
sheets. Adequate ventilation is assured by leaving the
bottom 8' unsheeted and by providing a louvred ventilator :
in the apex of the roof rumning the full length of the buillding.
A penthouse, 30' x 23' x 20" high, for fans and blowers is
built at one end of the building.

~ The administrative office block is a single storied
building 31' wide by 60' long. A small process laboratory for
plant control is built at one end. It is a timber framed
building covered and lined with cement asbestos sheets. The
workshop and store are conmbined in one building 52' wide by 77'
long consisting of a timber framework covered with galvanised
iron sheeting. '

All the equipment for the hydrogen, compression,
CO» and CO removal, and ammonie and methanol synthesis plants
is housed in the tower structure and the main ammonia building.
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The tower structure, vhich carries all vessels, towers and
catchpots, runs parallel to the arronia building, being
separated by 16'¢ It is a steel framework 21' wide by 98!
long by 72' highe A 30 ton travelling and traversing hand
operated crane is situated at the top of the structure.
Supporting Joists and access platforms arc provided at
appropriate levels. A stairway running the full height of
the structure is supplied.

The ammonia bullding is a steel framed structure
53' wide by 106' long by 55' highe It is sheeted on the roof
with "super six" corrugated cement asbestos sheet and on the
walls with 3" corrugated asbestos sheet. A 10 ton hand :
operated travelling and traversing crane runs the full length
of the building. Two 14' sliding doors are provided one at
each end, and 5 - 3 ft. sliding doors. A continuous control
panel runs down the side of the building adjacent to the tower
structure and along one end of the buillding. All instruments
and panel mounted valves are located on this panel which is
7' high and is 3'6" from the floor level; a control platform
.runs in front of the panel. The remainder of the bullding
houses the main compressor, and interstage coolers, the
circulators, the copper liquor injector, and sundry other
equipments The main sub-station is built adjacent to the

armonia building and the sub=-station controls are locateion a

panel built into the amrmonia building wall opposite the main
control panel. : ‘ ~

The changeroom and messrooms are wood framed
- buildings covered and lined with cement asbestos sheets The
former is 30' by 60' and the latter 30* by 50°. '

For the Ammonia oxidation Seetion -

l. Burner House and Still
2, Gas Cooling !Main
3¢ .Ammonia Liquor Stock Tanks and Pumping Station

L. Circulation Acid Coolers ‘
- 56 Nitric Acid Storage Tanks

6, Absorption Towers

7. Circulating Tanks

8. Purge Tank

9. Oxidiser Cooler
10, Cooling Tower and Pond

The Burner House consists of a timber frame sheeted
on the roof and two sides with cement asbestos sheets. The
building is 30' wide by 4O long by 14' high to the roof truss.

The Absorption Towers and the Acid Coolers are
located on either side of the Circulating Tanks and Circulating
Pumps. A wooden roof over this soction protects the equipment
from the weather. No attempt is made to sheet in the walls
of this shelter on account of the presence of acid fumes.

The Oxidiser Cooler is located alongside the

- Absorption Towers. The cooler coils are supported on a
timber structure which in turn sitson piers in a storage pond.
The pond is 38' by 54' by 5' deep. The supporting structure
being L4O' high, it is covered along the sides with 3" ‘
corrugated cement asbestos sheets to reduce water loss.

The two cell cooling tower is located alongside the
oxidiser c¢ooler on the same building line, the centres of the
two units being L3' apart. ‘

The Ammonia Liquor storage tanks are located LO' from
the gas _cooling main on the opposite side to the remainder of
the plant.
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EMG: OM

GAS _ GENERATING PLANT,

Installation:

The installation comprises :-

Two Mechanical Generators, each with Veporiser
Jacket, wWet Ash Discharge and Hand Operated
Fuel Feed Gear.

Two Lymn type Washer Coolers.

T™wo Seal Boxes,

Gas and Blow Gas Connections.,

Two Chimneys.

Two Alr Blowers.

Alr, Steam and water Mains.

Operating Valves,

Two Automatic Mechanical Operators.

Generator Bullding.

Fuel Handling plant,

water Cooling System,

GENERATORS ¢

Two exactly similar semi-water Gas Generators as
provided, one working and one spare when operating at
nomal flowsheet gas rates.

The central portion consists of a vertical oylindrical
vessel, 7 ft. diameter and 13 ft, long. It is kept cool
in operation by a low pressure steam raising jacket which
surrounds it at the top and sides. Access holes to the
central cylinder through the jacket include, at the top,
four small poke holes fitted with metal plugs, the coke
inlet in the centre; through the side near the top a brick
lined connection for the blow gas, and a third unlined
connection for the up-run steam.

At the bottom of the Generator is a rotating Meehanite
Ash Bowl on which is built the Grate. The grate has eccentric
sides and as it revolves, crushes large pieces of clinker and
ash between 1tself and the aides of the Generator. It is
fitted with slotted perts at the top through which air,
steam and down-run gas can pass freely. The Grate and
Ash Bowl are driven by a.worm gear which is operated by
a crank whose action can be varied to control the speed
of rotation of the Ash Bowl. This is8 normally about one
revolution in ninety minutes.

The seal between the rotating Grate and the stationary
bottom gas and air lines is provided by a water lute at the
circumference of a vertical pipe through which the inlet air
and steam pass to the centre of the Grate, and through whioch
the outgoing gas made during the down-run can pass from the
Generator. The bottom steam, air and gas lines connect with
this vertical pipe through the blast box, On the air line to
the blast box, after the automatic primary air valve, there
is a 3" cock {o atmosphere; this admits air to the base of

P, T. 0O,
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the generator when it is on stand~by. The blast box
itaelf is luted into the pit at the bottom of the Generator.

The trough, the grate and the rotating portion
of the blast box iute fomst a rigid pilece of plant, and
rotate together, Ash falls from the periphery of the
grate into the trough, and is soraped wwards over the
outside lip of the {rough by atationary but adjustable

shovels,

There is a water foed to the L,P, steam jaoket
which osn be gontrolled by a valve aceessidle from the
operating platforms; this jacket is alao fitted with a
lovel gavge attachment, four hand-holes and s manhole
for eation purposes, The 1.P, steam from the Jjacket
passes gn 8" diametey menifold to the steam inlet to
the Generstor frem the H,P, stean main., The atesm
Jacket cun be vented to atmouphers, and it is also provided
with &2 6" prelief valve which blows at 6-1/2 1lbs. per 8q. in,
gaugs., The Jaoket was originally designed to opsrete at
a pressure of slightly less than 1 1b. gauge, this low
pressure being sufficient to drive the steam through the

coke bed for gas generating pwposes, Howsver, it was
found that this opsrating pressure resulted in sondensation
of unconvarited atean on the walls of the Generator adjagent
to the top of the jecket with sonsequent ocorrosion. The
realising of the operating preasure of the Jacket to G 1bs.
gauge was sufficient to over ocome this trouble,

4 The ooke arsives at the plant either by road or
rail and is tipped into a ground hopper of 10 tons, oepaoity,
It is elevated from this hopper by means of an overhead
slegtrically driven travelling hoist of 3 tons capasity
fitted with a ouaket of 8§ ewts, capaaetty, It oan be
dlasharged c¢ither directly to the Cenerators, or to =
atorsge duwep holding up to 870 tons,

The storsge dump is so arranged that wp to 185 tons
of the coke atored therein oan be rilled threugh Aischarge
doors baok into the ground hopper. In discharging from the
ground, the ooke ia sieved eand the resulting fines are
uollea%ed in a subsiduary hopper for subsequent disposal,

There ere eight valves on the gas, alpr and steam
‘ﬁnea to the Generator, whioh are automatically operated.
ede are g- o

At the bottom of the Generator PMmary Air Valve,
and on lines going to the Seocondery Alr Valve,
blast box, - Bottom Gas valve (for

down-run gas) ,

Bottom Steam Valve (for
w-run steam; actually
& 3~way valve for up
and down ateanm),

At the top of ths Generetor Top Gas Valve (for up-mum

ond on lines passing through gan),

the stesm Jacket, Top 8S%oam Valve gror
down-run sterm

S-WRY o
Stack valve. _
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‘mxe 'ecop and battam steam valvea together
L uonstitute ‘a three-way valve, and they. ax‘elnterlinked R B
. - with the top end bottom: gas: valves ‘80" that whenever the St
o bop gas valve 1s-open the top steam valve and bottom
2+ gee-valvés-are shut, and the: bottom steam valve is opan.
<o Alternativelyy when “the - top gas védlve ‘is shut; -the top -
o - gteam vaive and the bottom: gae valves ape open and the LT
I bottom gteam valve. 18- shut, . ‘The agtueld edmission of - ;~:
C i .. ‘steam 48 then controlled b.v the mein steam valve, - Thus . . -
ST L edther: the. top. or thé bottom Eﬂ valve nmst alwaye be open,
ERIEE and they cemnot be ahut toget vg, R T P AT

AT - pech Goneretos tas'a motomperated automatio L
S deviea whioh onitrole . the. movement of -the following Velves SERNPIEAY
Sy {_u,‘thx‘ough an arx'angement of ﬁve 1ever and md syatema o’ -j
LB 4, “The stack valve, whieh 15 in offest a sitde i o i
’ s over the stack pipe outside the butlding: but
"/ inetde the bottom: gone of a. draught pipe. whioh
.o oarries the blow gaaea above the levei et’ the - T
"."!,b“ndim' ,' SR BN
3 2. imhe pmmavy air 'valve' (14'* diameter).

e B '.the amnary air ’gv'.lve (9“ diamater).

»‘ .

;‘..-,4;._' The tcp and- bottom gas valvee and the three—way

@ 'steam valve' direeting ateam to. the top or: bettom

AR AU RE - of the Genorator as described previously,: s

IERRIC SRR AR ¥nown ‘a8 the change=over control; and the . A‘ s
oo 0 changé~over- 18 sald o be "open” or *wont when' the Sl

'“’bot%m gas' valve {4 open and the. top gas valve ghut, ~ .~ "

' 5 e o valve ‘On, tha H,P., ateam :.meu and ‘the 8" maxn,;_;;f;---,. a
aﬁaam valve on the I.P.- steam inlet 1ine before: thé UL
- threg-way stedm valve,  -H, P,” stean 1s used to.
aupplement the L P, Btaam aupply from the Genemtor:; KA
- Jegket, . . The. meahaniam ‘ensures that the mein steam - - .
- 'valve alwaya opena befom and ahuta atter the H. P.
ﬂt@ﬂm VBIVEQ ";;’r‘, ! ) e e Y . T

ER LR T3 meohanioal operator which ‘works these rive :_'g'_f:f; o

J\‘

Lo -‘;:syatemn 13 shown in Drawing No.- 0118/07, 115. s .
e PR The driving motoﬂﬁ(abnm dotted by means er a
R T I mduction gear, olutch;. and grank conneoting rod, mparta .
Lo Y an oseillating mntmn %o shaft .(67) which mme. horizontau
et .7 aeross the back of:the control board,  -Keyed. ‘to shaft 671
e L are $AVeS ievera (ona to each of the above rods).of. whieh
SRS e, an example,. - The 1levers -are connected: to- eaeh of:the 1ve
J U valve. vods by link mechanisn which, when & valve 18 not being

';’-‘“_i;;f' opemtad, oaganate freely about. the pin; (sOa),

L norizontm. aomas the top of tha uontml boam
,,;'there 18 4 shaft (64) which by means of an. adjustable raohet ’jI -

w0t end pewl: mechaniém 18 ceused to. rotate one revolution per.’ ‘
"\ .. 7 generator oyele. -  On'shaft (64) there are five pa:l.m of - _

... adjustadle eams; one. palr of cams 10 each-valve rods - When

T acvalve is to: bo: eperated the followins sequence of move-
' »_,,ﬁ"-,mentsi takes placq MO A AT A







The slot on the cam of one of the paira on shaft
(64) rotates into a poaition opposite rookor lever (68)e
this lever falls forgnrd and withdrawenin (61) fron
supporting rod (&7), thus asllowing drop bar (&5) to fall
into pin (51) on one of the freely oscillating links. On
the next oceasion that the pin moves forward, the pin is
vestrained by drop ber (68) and the firat effeot is to
raste partially crank system (70)e This raises the pin
(91) which is looiing drnw~bar (10) and at the eame time
puts presaure on pin (52) so that when draw-bar (10) hao
roved 1ts fuil traverss, it will be leeked by pin (E2).
Further rotation of orenl: systen: (70) is prevented by the
aswinging etop (17) end then pin (31) acets as a fulorum about
which the lin: ¢my rotnie, Thic moves rod (10) which is
oonnected by lovers and bell eranks to the partisular valve
or valves whioh 4t s required to operates. Then when the
link with pin (81) roverses its motion, it returns dwp bar
gssg boek to itn original position, in which 4t eutomutically

s held by pin (61). _

The movenent of ved (10) 4in the reverse direction
is caused in an exsotly anslogous manner by the other cam
oi’n tt(xgignw on shaft (64) allowing bar (<3) to fall onto
D Py

Thus wll the movements of the valves in each oyele
are determined by the relative positions of individual ¢sms
of the ive peirs on shafi (C4).

When the Generator is %o be operated under hand
sontrol, the five levers (27) withdraw the trip mochanism
from the faces of the cams on shaft (64) end then pin (61)
is worked by pulling out mob (86). Similarly, the rcverce
movement is obtained by pulling out knob (86).

, ODERATION, ‘
I the motor feilse, oscillation of shaft (57) can
be obtained by turning the wheel {(132). To uis, it

is necessaxy fivrst to diseonnect shaft (47) from its motor
drive by removing pin (29) from hole (35) and gonnecting it
to the hand wheel drive by inserting it in hole (2U). This
oan be donc falrly rapidly, end the nrovizion of one pin only
ensures that the ~goilleting shafdcenioi einvltanesualy be
conneated to the hand wheel and to the mechanical drive.

The position of cach operating rod (10) 4n shown by
& sliding etrip (109) visible through opertures on the fage
of tho eontrol panel,

) SRY/ D,  The motor drives the reduction
gear through n cenir al clutah orranged to slip 10 the pull
on the connecting rod exsceds 750 1lbs, Should this ovoour, n
contrifugal switoh tripa the motor, lights a warning light and
gouwds an alam.

W The operating rods (10{ are
interloak n o manner similcr to that used in a railway
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eignel frome (see Mig. 1) The llowing interloeks are
arovided se

a)s  sptericcl belmuen Drimsuy pLr Valve (2 obove) eand
the ehange-over Gontrol (1)

bls  EInicrlook boltwecn Auzilicry Alr Velve (5 above)
anid ihe Changewcver Control (4).

o)e  Inlericek botween the Sienm valve (5 shove)
end the Changc~over Coatml (4).

d)s  Interlock between the Auxiliary Air Velve (3)
ead the !oin Dtean Volve (5)e

- Interlook a)e 15 requircd hocause the bottonm gos
valve is contiviled by the ghmige=-over Control, T2 the
botton gas valve and the prizary e velve are open simul-
taneoualy, cither eir will paas into the gas nain or gos
into the air main, This is provented by interloeizing the
ghongewovey Control with the srinnoy cir velve,

Glmilaply, Interisch b). prevents the simule
tancous opening of the Auxiliory Alr Valve cnd the botton
a8 valve,

_ In order 4o provent an explosion in the Lnoe
of the Generaior due Yo ulyr being bhiswm indo the blust box
while it is full of gas, a purge of stean 18 gpplied to
seaove nll tho gas bofores the advent of pire To engure
that this is always done, interleeiz o)s 15 provided whieh
prevenis the prdnary ale velve apeniny hilat the fonerator
is paking gas to tho vileal box.

The gmne pregaviion dn required frv the auxiliory
air velve and this is cobieved by interincezing the contruvls
for the suxiliory ai» valve end the mpin atesn valve,

AZR DIONTES,

~ Jo pruvide tho cir blept for the Generators thove
are two eisciirioally driven biowers (one weriing, one sparg)
whileh feed ints u 21% dlancter ailr header, common to bovh
Generators from whioh the primary alr lines end the suxiiiary
pdy lines to cach Ocnerator vre gormected.  The characioristies
of the blowes are chown on Ooaph 1, Thesair rate during the
blant perdod will be spproximately 000 M¥/hr, The noneworking
blowar is imolutcd by a slin-nlate ypo of gogole valve in its
deiivery 1ino,

iv Lo osuendial thnt the perfomnnae ouwe o8 these
blowers Le of suth o shinnge thot tho operating noint Cor sl
normai cGipuls Lo on a falling portinn. Thios will pauvent
surging of the blower on light loads,  Altho gseveral over-
ceas wnils showed o tendenoy to surge, the Australion blowors
have boen frece fpon this troudble,

BN STATIC GAC GASHL gonine

3

, 0L enca Gonoraton, the lines fron the ton gas valve
ond the Lolion ges velve join and paes vie a iute into the
botion of the Lymn tiesher end Coolere This design of yashor
which S boused In o oylindrical vespsel 4'6" diasncter and 287
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high, hes a gentral stask carrying umbrella shaped plates

under each of whish is & »ing sascured to the shell, which passes
the wash water fyom the circumference back towards the centre
of the plate immedietely below, ‘The boitom of the washer s
luted into a water pit, the lute blowing et 71 milliata.

on the top of the ILymn washer is the exit gas line of 193¢
dismeter paseing via an isolation valve into the saa colleoting

main, A 6" blow-off and & 3" water inlet are aleo looated
at the top of the washer.,

- Thoe axit gas mains Zrom the Iymn Washers join an

inlet header to the 2,000 N” single 1ifi, verticsl guided
seqi-water gas holder of all-welded econstruction. This
holder is provided with a lLivesay manhcle at the inlet and
outlet pipes to enable these mections to be inspscted without
purging the holder. On the outlet gas main (14" diameter) from
the water gas holder, are arranged the iwo inlet branches of

the two gas weshing fans (one working, one spave),

Thews ontrifugal fans have an output of 1750 n‘@

saturated semi-water gas.measured at 1 at. abaolute sna "
containing 50~100 mege/M° Goke brooss, and pressure rise of

106 milliats to 95 miiliats gauge, Wesh wuter is,injected

into the of the impellor at the rate of 0,8 W/ nr, through
spray nosxles, 7This wash water is removed through luted drains
in the basc of the ippellor emsing, ‘The impellor and shaf't

are from steel of less than 0,8% G, and 13-14% Orn The blower
characteristio are given in Greph 2,

The eooling water on the ILymn wWasher comes from &
snall eirculating system comprising seitling pit, open type
soolers znd pumps,. It is kept separats from the main
factory aysiem because of its contamination with bresze,
’ zheam sooling water rate with one Generstor on line

8 b

()
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DETAILED FLOWSHEET OF SULPHUR

REMOVAL PIANT
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" SULPHUR REMOVAL PLANT..

The four sulphur removal bexes are situated between
the Gas Plant and the ‘Hydrogen Plant and are connected to
these ‘units by 12" M.S. gas mains.

, The boxes sit on a concrete raft, 9@' x 90' whichA
is’ sufficiently large to store and mix the charge of iren :

A‘oxide.

’ gexes.

-The iren oxide 1e centained in- four boxes arranged
in square formation and encireled by thé necessary gas mains.,

' Each box is 17' 3" x 17' 3" and has four layers of oxide each
 2'6" deep., . Thue the total volume of oxide ie 340 M3 (at
- normal flowsheet rates on overall space velocity of 5 hours = ).

Each box has four vertical internal gas ducts arranged in
pairs at opposite corners of the box. One of each psair.

-of ducts has pertstepening on to the boxes. ebeve the top :
. tray; between -the’ secend and third trays and below the bottom
. tray; . the etherﬁdmﬁ% has epenings above the second and above
~the fourth tray. TA11 trays in any particular box are in

parallel and by use of the different ducts, the flew threugh

- the trays of a box can be reversed.»

- BEach 'box has an 11 ft. -opening at. the top which is

*.ueed for loading and discharge purposess - These openings
are closed by flat covers suitably stiffened and sealed with

< . isolated from the other three.

. a joint of greasy hemp 1" sq. They are held in place by
: holding down bolts hinged te swivel outwards spaced at ..
‘9 in.. éentres. X

. inerslo

Valves a'd

The arrangement ef valves and pipelines is shown

- on the'Sulphur Removal Plant flowsheet.t

The arrangement enables either forward or backward 3

B retatien ef the boxes (le.e. 1 S 2, 3;°4; 2, 3, 4, 1, ete, or

b, 3, 2; 13 3, 2,1, 4, etec. inyaddition any box can be

The reason for valves in pairs with an 1ntermed1ate

: 'blew-eff is to prevent -leaking valves allowing gas to by<pass
- the boxes: completely. ~ This would be possible with single

" 'valves .in plaée of the pairs. When such a pair is closed,

the intermediate blow=off is left open seo that any gas

- leaking past the closed valves can escape to atmosphere.

| 7, N tro eh and urge’ Cenneetion

Each bex hae a blow-off cock 1n the lid and a.

: nitregen connection which is-so . arranged that 1t can be ueed -
Fen either pair of ducts. ' A

Air B;owera

» " . Alr to the bexes (supplied for continueus revivific-lc
ation) is provided by '@ small air blewer of 30 mse/hr. capacity
of the water seal “Nasch“ type.‘;ig, . _



Safety Devices.

Apart from drainage lutes (which are set to blow
at 100 milliats pressure) at the inlet and outlet of the
boxes, the only safety device provided is a differential
manometer electrical trip which is wired into the air blower
motor circuit. This manometer, which is connected to the
inlet and outlet mains to and from the boxes, measures the
pressure drop across them. Should the pressure drop across
the boxes fall due to very low gas rates, the air blower will
be tripped out thus preventing the formation of explosive
gas mixtures inside the boxes.

Handling of Oxide.

The oxlide is handled by an inclined elevator. This
is of conventional design and consists of M.S. buckets mounted
on a rubber belt running in a sheet steel case. The elevator
is driven by a 2 H.P. motor geared to the top shaft. A
boot for loading and a discharge chute are provided. The
elevator is 22 ft. long and is slung by the centre for handling
purposes.

To support the elevator for charging and discharging
the boxes, a 30 cwt. luffing crane is mounted at the centre

of one side of the boxes; an alternative location for the
hoist is provided at the centre of the opposite pair of
boxes, one crane thus serves the four boxes.

To load the boxes, the elevator is located outside
with its boot on the ground and the discharge chute opening
into the approprilate box.

To discharge, the elevator is slung inside the
box discharging out on to the concrete raft and lowered
successively as each layer is removed.
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ETAILED FLOWSHEET OF HYDROGEN PILANT



" HYDROGEN PLANT

' GENERAL

The arrangemerit of the equipment for the
hydrogen plant is shown on the flowsheet. This is detailed
below:~ .

Saturation Tower

Purified gas from the Sulphur’. Removal Plant is
piped ‘in a 10-inch main to the base of the Saturation Tower.
This tower is contained in the same shell as, and above, the
water heating tower. It is of welded construction and is
fabricated from §-inch .S, plate. It 1is designed to the
following details' _

Diameter 34"
Height 17' 5"
Depth of wooden grid packing gto"

Type of packing "egg-box" grids 1"x 1"x }".
Normal working pressure 256 milllats gauge
Test pressure . 800 "
Water Rate 35 M3/hour
Inlet Water Temperature S 80°c.

Exit Water Temperature 65°C.

Gas Inlet 10" Diameter
Gas Exit 14" "

The water flowing from the Saturation Tower passes by means
of a lute (set to blow at 128 milliats) to the top of the
water heating tower immediately below.

Gas passing from the top of the Saturation Tower
is metered and then enters a steam injector,

Steam Inﬂgptor

The Steam Injector which uses the pressure of the
steam required for the subsequent catalytic reaction to boost
the pressure of the gas and thus maintain the appropriate gas
rate, 1s controlled by valves mounted on the Hydrogen Plant
conrol panel. One valve controls the rate of steam to the
Injector nozzle and a second supplies additional steam through
a by-pass,

The design details of the steam injector are as

follows:
| Throat 31" diam., 2'8%" long
Exit Cone Ve " at exit 3'3" long
Steam nozzle 0.68" dism. opening out to
0.87" in 3",

Gas from the injector passes to a heat interchanger.

No. 1 Interchanger

This is a tubular heat interchanger arranged so
that the incoming cool gas passes down through the lI.S.
tubes and the hot gas passes across the outside of the tubes,
The nest of tubes is so arranged that three passages formed
by omitting rows of tubes are left to enable an equitable
distribution of gas to be achieved. The dimensions of
this unit are as follows: ‘
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Shell - 2' 41" giam,
Tubes - 471 each 3* o.d, 17 gauge thick, 13' 8%" long.
Bffective surface of tubes for heat transfer purposes -
972 8q. feet (0.d. of tubes).
Cross sectional area through tubes - 0.995 sq. feet
1] L " out‘éide "w - 1,380 w .

The Intérchanger is fitted with luted drains for the removal
of condensation, From the Interchanger the gas passes to the
converter unit.

Converter Unit

The converter unit consists of A converter, B converter
and an intermediate Interchanger (No. 2). For the control of
temperatures and correct temperature gradients within the
catalyst beds of both converters, three bypasses are provided.

The first (No. 1 bypass) allows cold gas to pass
directly to the top tray of A converter. The second (No. 2
bypass) sllows gas to pass directly from A converter to B
converter without negotiating the intermediate interchanger.
The third (No. 3 bypass) allows warm gas from No. 1 interchanger

to pass directly to A converter without passing through No, 2

interchanger. The controls for the bypass valves are located
by means of geared drives on the Hydrogen Plant control panel.

No. 2 Interchanger:

" Shell - 2° 8%” diam Welded construction
522 tubes, 3" o.d. 16 gauge thick, length 9' 64"
Effective surface of tubes for heat transfer purposes
845 sq. feet (0.d. of tubes)
Cross sectional area through tubes 1.1 8q. feet
w w "  outside tubes 1.465 sq. feet.

From No. 2 interchanger the gas passes up into A converter,

A Converter: Built into the same shell as B
Converter and No. 2 Interchanger. The catalyst is contained

in three beds each 11 inches deep in an annular space of

2 feet 9% inches internal diameter and 6 feet 6 inches

external diameter. The beds are supported by 1-inch per-
forated M.S. plates (4~-inch diameter perforatigns). The

total volume of catalyst in A Converter is 2 M-, After passing
through the three beds of the first converter the gas is cooled
by No. 2 Interchanger and then enters B converter.

B Converter: This unit is identical to A Converter.
From B Converter the gas passes into No. 1 Interchanger (outside
tubes) and from there into the bottom of the Water Heating Tower.

Water Heatl Tower

As mentioned previously this unit is located under-
neath the Saturation Tower. It has the followlng dimensions:

Diameter . ty

Height 25'g%

Depth of Packing 8to"

Type of Packing 1"x 1" x 3" (Mega-boxR' grids)
Normal working pressure 30 milliats gauge

Test pressure 200 " "

Water rate 35 u3/hour

Gas Inlet Main 18" diameter

Gas Exit Main 149 "
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A sump is situateg at the base of this tower having a
capacity of 2.5 MY maximum, From this sump two hot water
circulating pumps (one working and one spare) draw water

and circulate it over both towers. This sump is fitted with
a 2-inch purge cock and a luted overflow; the overflow also
acts as a convenient point for the addition of the_necessary
make-up water. The pumps have a capacity of 35 MS/hour when
delivering at 70-foot head and operate a 1,500 r.p.m., being -
driven by a 5 h.p. electric motor. The gas passes out at the
top of the water heatifig™tower amd ent®rs at the base of the
Gas Cooling Tower.

Gas Cooling Tower

‘The purpose of this unit is to cool the gas by
counter current scrubbing with water before it enters the
main compressor, Detalls of the tower are as follows:

Diameter 3tan

Height 290"

Depth of packing 16%0"

Type of packing ("egg-box" grid) 1"x 1"x "
Normal working pressure 26 milliats g.
Test pressure | 20 " "
Cooling water rate 12 uM3/hour
Gas inlet main 14" diameter
Gas exit main ' : 12" "

Cooling water is supplied from the factory cooling
water system and returns by gravity to the hot well of the
cooling tower, It escapes from the base of the gas cooling
tower by a 3-inch lute,

Catalysed gas from the gas cooling tower passes to
the compressor inlet main. . To provide buffer capacity for
the compressor a catalysed gas holder is provided at this
juncture,

Catalysed Gas Holder

Used purely as a buffer storage unit. Has a
capacity of 1,000 M® and is a single 1ift, vertically guided
type. The costs for power used in the subsequent gas
compressor are directly proportional to the absolute
temperature of the inlet gas; to keep these to a minimum
in hot climates it has been found advantageous to paint the
top of these holders white to reflect the direct rays of the
sun and the sides black to radiate heat, _ :

The holder is connected to the compressor inlet
main by a 12-inch connection. This main is fitted with a
lute pot for isolation purposes.

Alr and Gas Starting Blowers

Two water sealed "Nasch" type blowers, one for gas
and one for air, are provided, each has a capacity of 50 MS/hour.
Both are fitted with relief valves which 1ift at 200 milliats
pressure.

Safety Devices

Three safety devices are installed. The first
is mounted on the compressor panel and warns the compressor
operator by means of a warning light and hooter when the
catalysed gas holder is 90% empty. The second consists of
a warning light on the hydrogen plant control panel which
warns the operator when the hot water circulating pumps
cut out. The third is a diaphragm controlled steam valve on
- the main steam line to the hydrogen plant. - Should the
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pressure on the upstream side of the 'injector fall below

10 milliats this diaphragm valve automatically shutsoff the
steam to the injector. This is to prevent the fbrmation of
negative pressures in the plant.

Lagging

The converter unit and interchanger with the
interconnscting pipework are lagged with a 6-inch thickness
of rockwool. A welded sheet steel lagging sheath is provided
to retain the rockwool.

The water heating and saturation tower and the '
line running from this to the injector and on to the inter-
changer is lagged with 1i-inch 85% magnesia covered with
z—-inch of hard setting cqmpound and then wrapped with cloth
to retain the lagging.



DETAILED FLOWSHEET OF CQMPRESSION AND COg REMOVAL PLANTS
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COMPRESSION PLANT.

General Layout of Plant.

The compression plant is located : in. the main
ammonia building. Interstage and after coolers are located in a
steel structure approximately 10 ft. from the compressor.
The intervening space being used for the main control panel on

which are mounted the control valves, the pressure gauges,

indicating thermometers, alarms and manomecters.

Gas Flow,

Gas enters the plant through a 12 inch diameter main
pesses through an isolation valve (panel operated), an orifice
plate and then enters a strainer. This strainer consists of a
cylinder of 1/8 inch mesh housed in a strainer box fitted with
flanged cover and drain, A purging out point is located before
the strainer and a panel mounted msnometer is situasted immediatly
after it. From the strainer the gas passes directly to the first
stage inlet; an analysis point, temperature point, and relief
valve are fitted into this section of the line.

The general flow of gas through the compressor is from
the delivery of one stage to the inter-cooler through a catchpot

and then to the succeeding stage. Gas after passing the second
stoge catchpot can be delivered to the COg2 removal plant, by-
passcd directly to the third stage suction or by-passed back to
the first stage suction. Panel mounted by pass valves and
isolation valves to and from the CO2 plant control the flow of
the gas. A non return valve on the delivery line to the COg
plant prevents water being drawn into the compressor system by
any tendency to back surge. Gas from the sixth stage delivery
can be delivered to the methanol plant, the CO removal plant,
by passed back to the third stage suction, by-passed back to the
first atage suction or blown off to atmosphere. A non return
valve . is located on the delivery line to the methanol and CO
removal plants and double isolation valves (panel mounted) on the
lines leading to these plants ensure freedom from gas leaks,
Relief valves are fitted after every stage, on the return line
from the COg plant and on the 6th. stage to 3rd. stage by-passe.
Temperature points are located before and after all coolers and
also on the line returning from the COg plant. Panel mounted press.
ure gauges record pressure at the delivery of all stages, on the
return line from the COz plant and on the line to the CO removal
plant. Pressure points are located after each cooler to which
gauges may be fitted for test purposes.

The interstage piping diameters are made intentionally
large to reduce pressure pulsations in the system. Pipe sizes
are as follows:-

Stage. 1 2 3 4 5 6
Inlet pipe diameter. 2" 10" 4" 3"* 3" 4"
Delivery pipe diameter. 14" 0% 6" 6" 3F* 2o

A The discharge line from the plant is 5/8" inside
diameter.

0051_121'88 8SOX.

The machine was built by Messrs. Bellis and Morcom to
a design by I.C.I. Ltd. - It is a three crank, 8ix stage vertical
unit; the first three stages being double acting and the last
three single acting.

'ggd late, Crankcase, Entablature and Trunk Guides, are all cast
in high grade close grained cast iron. Mating faces are
accurately machined; the underside of the bédpleste 1is also

machined to facilitate the Qack@ng of the bedglate on supporting
wedges., lLarge inspection doors is - three eac side - are



provided in the crankcase these are fitted with air tight _
Joints. Efficient wiper glands are provided where piston rods
pass through the crankcase. The crankcase sump is fitted with .
a gunmetal drain cocke A -

Crankshaft. This is machined from a single steel forging. It
is a three throw unit the crank angles becing 120°. '

Flywheel. This is of ample proportions machined from cast
iron. It is spigoted into the crank; the end of the driving

motor shaft is flanged and accurately machined to fit the face
of the flywheel. Fitted bolts tying the motor shaft, flywheel
‘and crank together form a rigid coupling at this point. During
ercction care is taken to ensure that the weight of the flywheel
is equally divided between the end bearing of the compressor and
the inboard bearing of the motor. If this is not done flexing
of the web of the crank nearest the coupling will result.

Connecting Rods and Crossheads. The former are machined from
mild steel forgings and the latter from nitr-alloy steel forgings.
The pins for the top end bearings are forged integrally with the
crossheads. The cross heads are fitted with double guider shoes
which are white metalled on the working face and accuratly machined
to suit the trunk guides. ~

Main Bearings. There are four main bearings the centre two
being interchangeable. The bearing shells are of cast iron

lined with good quality white metal. The bottom halves are

semi circular and arranged for easy removal without removing the
crankshaft. The keeps are of cast iron and are fitted with
-thermometer pockets. The holding down studs are of forged steel.

Connecting Rod Bearings. The bottom end bearing, are gunmetal ..
1ined and the top end bearings are of bronze. Internal oil holes
are drilled for the lubrication of the top end bearings and
crosshead guide shoes from the bottom end bearing oil supply.

Bearing Pressures. The machine is designed to develop pressurss
in the bearings of less than the following maximum allowable
pressures. . These pressures are calculated on the projected

area and the total resultant load

Crosshead hearings. 1344 1bs/ sq.in.
~ Crank pin bearings. 562 1lbs / sqein.
Main bearings. 229 1lbs / sqe.in.
Crosshead guides. 100 1lbs / sq.in.

Cylinders, Covers and Water Jackets. The stroke of all
pistons and plungers is 17 inches. The dlameter of the
cylinders 1s as follows:-

1st. stage 27 in. diame.
2nd. " 16 in. diam.
3rde " 9 ine. diame.
4th. n 6 in. diam.
5the " 3=3/4 in. diame.
6th. " 2-1/4 in. diam.

The first andsecond cylinders are from close grained cast iron
and are not fitted with liners. The value chests, water jacketls
and stuffing boxes are cast integnally with the cylinders. The
top covers are of cast iron in a double section connected to
cylinder water jackets by mating parts. The 3rd. stage
cylinder is of cast steel with a close grained cast iron liner.
The first three stages being in line are bracketted together

to ensure rigidity.

The 4th, 5th. and 6th. cylinders are attached to the top of the
1st, 2nd, and 3rd, respectively. There cylinders have nitralloy
steel liner.s. The 4th. cylinder has a cast iron jacket while
the 5th. and 6th. have cast steel jackets. Thé valve chests
are all cast steel.
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Plstons. Pistons are only used on the first, second and
third stages. They are of close grained cast iron.

Piston Rods. The 1st. 2nd. and 3rd, stage rods are of forged
steel provided with tapered ends for fitting to the cross head
and a flanged end with spigot at the top end for fitting to the

position. The 4th. 5th. and 6th. are from forged steel and
are machined as plunger rods; the bottom end is flanged and

gpigoted for fitting and bolting to the piston of the stage
L0V, )

Piston Rod Packing.  The piston rod packing is of the metallic,

split ring self adjusting type. A'single set is provided for
the 18t. stage and déuble sets for 2nd. and 3rd. stages.

Below the metallic packing, lantern rings and then three turns

of soft packing are fitted, Leakages of gas througii the metallic
packing is collected at the lantern ring and bled back to the
inlet of the 1st. stage. :

Piston Rings: The 1st, 2nd, and 3rd. stage pistons are fitted
with self sealing cast iron rings each piston having two rings.
The 4th, 5th, and 6th. stage plunger rods were originally fitted
with the double ring "clupet" type but they.. have been changed
to the single ring with mitred ends. There are eighteen rings
on the 4th. and 6th. stages and thirty on the sixth.

Suction_and Delivery Valves. All suction and delivery valves
are of the plate type. The 1st., 2nd., and 3#d. stages are
supplied with the Rogler-Hoerbiger type; the 4th. 5th. and 6th.
stages are supplied with the snnular disc type in 15% chrome
“steel. The 1lift and gas velocities of the valves are as follows:—

" Stage. o Valve 1ift. Gas velocity
1st. - 3/32 in. 108 ft/sec.
2nd. 3/32 in. 73 f£t/sec.
3rd. ‘ 1/10 in. 60 ft/secs
4th. 1/10 in. . 44 ft/sec.
5th. 3/32 in. 82 fit/sec.
6th. 3/64 in. ‘ 71 f£t/secs

Relief Valves. These are of large capacity and are of the spring
loaded type. They sre designed to lift at pressures 25% above
the normal working pressures, The 2nd. and 6th. stage relief
valves will take full compressor rate. The discharge from all
relief valves is piped back to ‘the ist. stage inlet.

Crankcase Lubrication. All bearings are pressure lubricated.
0il is provided under pressure by means. of a double ram farce
feed pump locatéd ' in the bedplate; it is eccentrically driven
from the crankshaft and has a capacity of 2200 galls/hour at

40 1lbs/sq.in. From oil strainers and twin oil coolers of the
tubular "Serk" type are provided in this oll system. A second
gear oil pump driven by electric motor (5 HP 1440 R.P.M.) is
provided for starting up purposes: The oil level in the crank-
case is indicated by a dip stick. A pressure operateddisgphragm
switch connected to the oll system operates an alarm should the
oil supply fail.

Cylinder and Gland Lubrication. Cylinders and glands are
lubricated by means of an eight point "Bosch" type lubricator
driven from the crankshaft. Each oil line is provided with

a non return valve and a stop valve. A spare motor driven unit
(5 HP 1440 R,P,M.) is provided for starting up purposes.

Tadhometer; A "Budenberg" type of tachometer is mounted on
the machine being belt driven from the crankshaft.

Hand Barring Gear. The flywheel is recessed around the
pé;iphery'and a set of ratchets mounted on a pedestal opposite
these recesses constitute the hand barring gear. This is $o
arranged that the pawls are automatically thrown out should the
machine start whilst they are engaged.




- 32 -

Indicator Cear. The machine is fitted with the necessary
pressure points on all stages and indicator movement connections
to it indicator gear should it be required for testing purposes
Temperature Points. Thermometer pockets are provided for all
bearings, and for the inlet and outlet pipes on the oil valves.

Access Platform and Ladders. An accessplatform is provided
around the machine at the 8 ft. level and a smaller one on one
side of the machine at the 13 ft. level. Ladders to these
platforms are fitted.

Gas Density. The machine is designed to handle gases of the
following density.

1st. and 2nd. stages 0.81 Kg/M> (1at sbs. x 20°C.)
3rd. 4th, 5th. & 6th. stages. 0.41 Kg/M° " - ® "
Delivery Pressures and Capacity. The following figures give

the design operating pressures and capacities of the various
stages:~

Stage 1. 2 S 4, 5. 6o

Suction pressure 2ats. abs.; 1 B3.056 8el 2642 67,7 17847
Delivery pressure( " " 323 941 2646 68.2 179.3 360
Suction temperature. 30% 30& 25% 30% 30T  30%
Capacity. 2460 M%/nr. 1760 M%/nr.

Power Consumgtigh. At the full speed of 208 R.P.M. : the
compressor absorbs 800 H.P. at the coupling.

Driving lMotor.

The compressor is driven by a wound rotor induction motor
built by the British Genersl Electric Co. Ltd. It has a rated
continous output of 910 H.P. when operating at full spped
which is 208 R,P,M, Speed control over the full speed range
is achieved by means of a liquid regulation in the rotor circuit.
This liquid regulator was supplied by Metropolitan-Vickers Ltd.,
and is type L.R.1000. Heat generated in the regulator is
. removed by cooling coils built into the regulator, tank and
supplied with water from the factory cooling system. The leads
from the compressor motor enter the regulator through the base
of the electrolyte +tank and termimate on three grid electodes.
Corresponding electrodes which are capable of vertical movement
are located sbove the stationery set and the three moving
electrodes are connected together by copper bus-bar. A worm
gear drive: controls the vertical movement of electrodes., The
tank is filled with a solution of sodium carbonate the strength
being adjusted to give the required starting speed.

Pouwer to the motor is supplied from a 1000 K.V.A.
transformer housed in the factory substation. A remote controlled
0il circuit breaker which is housed in the substation is located
in the cable between the transformer and the motor and this
constitutes thé starting'switchs The control start and stop buttons
with appropriate indicating lights are mounted on a small
pedestal alongside the liquid regulator.

A small electric fan provides cooling air to the motor
slip rings. TheBe are encased in a vapour proof C.I. housing
the cooling air supply being drawn in from outside the building.
- This precaution is.taken to prevent an explosion due to
sparking of the brushes should a large gas leak develop inside

the ammonia building.

; The 910 H _P. motor is rigidly bolted to the flywheel of
the compressor by accurately fitted bolts.
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let. Stane goolgr.

This is a multitubular type having identical nests in
ceries. The tubec shells arce veldcd from lleSe. plate and are
9 in. dieneter by 1ift 3in. long, they arc provided with baffles
to increase the velocity of the gas in the cooler and achieve
a morec efficicnt ‘serubbing" action of the gas againot the tubes.
The cooling water flows inside the tubes which are of Alumbro
being ‘1 ine. o0.de by 18 s.viege 24 tubes being proviéed to each
nest. Total cooling surface is 260 sqefte. The gas flow is
horizontal and downwards, thus assisting the renoval of condensed
water from the coolere The cooling water cnters at tho bottom
nest and flows counter current to the gas up through the thrcg
socts of tubcs. This cooler is designcd to operate on 8.06 i1%/hr,
of cooling water.

2nd. Stage Cooler.

This is ainilar in design to the ist. stage coolor and

conelsts of threc multitubular coolers mounted horizontally in

a vertical banke. They -are connected in series. The 1.S. tube
shell is 7 in. dismcter by 10 ft. long. 24 Alumbro tubes are
provided for each nest being 3/4 in. 0«d. by 18 Sevege by 10£t.3"
long. The total cooling surface being 157 sqgefte The gas and
cooling water flow is similar to the first atage coolcer. This
cooler is designed to operate on 6.55 M /hr. of cooling water.

ﬁPﬂo atage GOQIQEO

This is a Jjacketed serpentine type of coolere. Five parallel
banks mounted horizontally are provided cach comprising three
pipes 1~-1/2 in. bore by 28 ft. 4in. long; cach pipe is jacketed
by a 2-1/2 in. bore pipe. Veclded beads on the internal pipc
at regular intervals locate the external pipee. The total
cooling surface 18 90 sq.ft. The gas flow is horizontal and
downuards the wvater flow is counteg current. The cooling wator
requircd for this cooler is 4423 e/

‘4th. Staze Cooler.

This is a jacketed serpentine cooler similar in design to the
3rd. stage cooler excecpt that only one bank of pipes is employcde
The total cooling surfacc is 59 sqeft and is made up of one
bank of four pipes each 1-1/4 in. o.d. by 2-5/32 in o.d. by 26 ft.
4 in. long. ‘The cooling jackets_are from 2-1/2 in bore pipe and
arc designed to operate on 3.46 ms/hr.The flow of gas and cooling
water is counter current with the gas flov assisting the removal
of condenisatae

Hthe Stage Goolgr.

This is a jacketed secrpentine cooler with two banks in
parallel and its construction is similar to the 3rd and 4th. stage
-eoolers. IBach bank consists of three pipes 5/8 in bore by
1=11/32 ine. 0.d. by 23 £te 6 ine. long giving & cooling surface.
of 50 sq.ft. Countcr currcnt flow similar. to oth gr coolers is
uscde The cooling water reqnirements are 3¢54 1°/;

6th. St Cooler.

This is a jacketed scrpentinc cooler having one bank of four
horizontal pipes connected in series; they are 5/8 in. i.de.
by 1-11/32 in o.de by 23 ft. 6 in.long. They are jacketed by
pipe having a bore of 1-3/4 in. The cooling surface 13 33 sq,ft
and the cooling water requirements are 2,44 M5/hr. - 3

‘e



Catchpots.

Catchpots are supplied after every cooler. The gas flows
through these catchpots is so arranged that the incoming gas
is discharged circumferentally thus imparting spin to the gas
" and assisting in throwing down condensate. The outgoing gas
deaves: at the top of each catchpot at the centre. Drains are
provided in the base of each vessel to a water and oil collecting
vessel., Details of the respective catchpots are as follous:-

1st. Stage Catchpot. - Of welded construction from 3/8 inch

plate. It is cylindrical in shape having dished ends and is
mounted vertically. It is 2 dt. 6 inches in diameter bf 5 It
6 inch in height, and is provided with a sight glass. t is

subjected to a test pressure of 100 lbs/sq.in.

2nd. Stage Catchpot. Of welded construction from 1/2 inch plate.
It 1is a vertically mounted cylinder with dished ends being

‘2 ft. diameter by 5 ft. 6 inch. high. It 1s subjected to a

test pressure of 250 lbs / sqein.

drde Stage Catchpote This is made up from 10 inch bore solid -
drawn M.8. tube. It is 11 in o.d. by 4 ft. long, The ends

are screwed to take flanges onto which the end covers are
bolteds Lens rings provide the seal between the pipe and the
covers. This catchpot is tested to 800 lbs/sq.inch.

4th, Stage Catchpote. This is built up from 6 inch bore solid
drawn M.S. pipe 7 inch o.d. by 4 ft. long. Flanged ends
sealed with lens ring Jjoints form the catchpot. Test pressure
1600 1bs/sq.inch.

bth. Stage Catchpot. This is built up from 4 inch bore

6-3/16 inch O.d. MeSe 501id drawn tubing. The catchpot is

4 ft. long and is similar in construction 46 the 3rd. stage unite
Teet pressure 4000 lbs / sqg.in.

6th. Stage Catchpote. This is identiecglineconiruction to the.
Methanol and Ammonia section catichpots and 1s fully described
in the account of the former section. * In passing it is
interesting to note that its test pressure is 8000 lbs/sqein.

Tondensate and Oil Collecting Vessel.

Condensate and oil collected in the catchpots is blown to a
cylindrical vessel which is of welded construction fabricated
from 3/8 inch plate. It is 2 feet diameter by 3 feet high.

It is fitted with a level gauge, pressure gauge, vent to the
ist. stage suction, and a drain line, Gland leaks from the
ist, 2nd, and 3rd. stages of the compressor pass to this vessel
after being metered. :

CGeneral Coolinge.

The cooling water for the jackets and o0il coolers on the
compressor is supplied from the. factory system. The compression
plant is designed to operate on water gt 238% The jackets of
the machine require approximately 15 M /hw. To prevent oil from
the cylinders contaminating the general factory cooling water
system assperating' tank is provided in the return line from
the jacket coolers. This tank which is 4 feet 6 inches by
12 feet by 5 feet high is fitted with baffles to retain oil
which is removed periodicallye.
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002 REMOVAL PLANT.

General.

The CO2 Removal Plant is situated in the process
between the second and third stages of the main gas compressor.

" The gas is piped from the compression system after the second

stage catchpot to the base of the CO2 absorption tower via
a 4" line. A non-return valve and a panel mounted isolation

. valve, together with an analysis point and a temperature

point, are fitted to this line.

From the top of the absorption tower the gas leaves
through a L4L" line and after passing through an orifice plate
enters a catchpot and from there returns to the third stage
suction; in the return line is situated a 1" blow-off and
isolation valve, a pressure gauge point, an analysis point,

a relief valve (set to blow at 160 1lbs./sq. in.,g a second
pressure gauge connection for use of a gauge mounted on the
compressor panel and an isolation valve (panel mounted)s A
differential pressure gauge reading the pressure drop across
the CO02 tower is fitted to the lines going to and from the
tower; 1its object is to give warning of any hold-up of water
in the tower which might eventually be carried through to the
compressors

CO2 Absorption Tower.

This is a fusion-welded M.S. vessel fabricated
accordi to Lloyds Rules for Class 1 pressure vessels. It
is 60'13" long by L' dimmeter having dished ends of 5/8" wall
thickness and sides of %" wall thickness. The top of the
tower is removable, being flanged to the main section and
bolted in place by LO - 13" diameter 53" M.S. bolts on a
44" P.C.,D. The flanges are L'7" 0.D. by 2" thick; they are
provided with 3/8" stiffening gussets between alternate bolts.
The tower is provided with central 10" water inlets and outlets
at top and bottom and a 4% gas inlet 8'3" from the bottom and
a 4" gas outlet in the top cover. An 18" manhole is
situated 18' from the base. :

Below the gas inlet pipe a series of vertical M.S.
plates placed at right angles serve as vortex breakers and
above the gas inlet pipe a sugporting grid carries the 42' of
packinge This consists of 2" x 2" x 16 S.W.G. galvanised

~iron rings random packeds U402 cu. ft. of packing is

required providing 12,900 sq._ft._of surface.

Level gauge connections are provided 2'3" and 9'3"
from the base of the tower,

The tower when empty weighs 12 tons and when full,
30 tons. Test pressure is 230 1lbs./sq. in.

C02 Catchpot.

: This is a eylindrical vessel 2'6" diameter by 11'3"™
long fabricated in a similar manner to the CO2 tower. Wall
thicknesses at +" at sides and 5/8" at ends. The top cover .
is removable, being bolted to the main section by 24 1"
diameter 54" M.S; bolts and 2'10%" in P.C.D. The flanges
carrying these bolts are 3'03" 0.D. by 2" thick and -are
gussetted to the body in a similar manner as the CO2 tower.
Inlet and outlet pipes are 4" diameter and are situated
centrally at the top of the vessel, the inlet pipe extending
5' into the centre of the catchpot.
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Level gauge connections are provided 1' and 3'6"
from the base, A central 13" diameter is fitted at the
bottom end. : ’

Water Injection Pump.

: This is a two stage high head pump designed to deliver
370 M3/hr. at 4OO' head. It runs at 1,500 rep.m. and is
direct coupled to a 240 H.P. motor. It was supplied by
Thompsons Engineering and Pipe Company, Ltd., the test log
and a graph showing characteristic curves are attached.

The pump sucks water by a 10" C,I. main from the
forced draught tower sump through a twin strainer set and

delivers via a 10" C.I. pipe to the Absorption Tower. A panel
controlled delivery valve of the Larner—Johnson type is

fitted to the delivery line to control water rates to the
tower. ' :

Water Control Valves.

Due to the large quantities of water involved and
the need for accurate rate control, a piston type of needle
valve operated by the water pressure on the upstream side is
usede Two sizes are required 6" - 5" and 6" - 3", The
operation of each is the same; a cross sectional arrangement
of the larger size is shown in Fig. 2.

~ The discharge rate from the valve is controlled by
the position of plunger D which in turn takes up a position to
balance the internal and external pressures. One of these
dinternal pressures, L, will be dependent on the openings of
the inlet and outlet ports from this space. Therefore, if
plunger K is retracted slightly and the outlet port
correspondingly increased the pressure in space L will fall
and the piston D will float back thus reducing the outlet
port. D will teke up a new position giving a slightly
greater discharge figure for the valve. Similarly advancing
K will tend to close the valve. By this means fine control
can be achieved. The needle valve @ adJusts the speed of
operation of the valve.

These valves are situated on the pump delivery line

to the tower (6" - 5%"), and on the let-down line from the
absorption tower to the forced draught tower (6" - 3" size).

The 6" - 3" valve operates on the same principle as
the 6™ - 5" unit. Because this smaller valve is in the
let-down line, however, where considerable quantities of gas
are liable to be evolved, a separate water source is required
for the internal piston to prevent gas locking; this is
supplled by the factory water service.

Forced Draught Regenération and Cooling Water,

This tower which is designed to strip the dissolved
C02 from the circulating water and also to remove the heat
of solution (equivalent to 0.5°C. under normal conditions)
is mounted on & concrete tank about 6' above the level of
the CO2 pump. It is packed with triangular wooden slats
spaced on 9" centres in rows 15" apart. It has the
following general dimensions.
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Water Rate (max.). 370 M3/hre

Cooling Range : " 0.59C.
Tower Dimensions -
-Length 18' 9"
width - _ . 18' 9"
Total Height B VA

Height of Packing , 23"
Dimensions of Water Tank -

Length | L 18 9*

width 18' 9"
Normal Water Depth - 6!
Approximate Capacity 60 13

Eight rows of 11" porcelain nozzles distribute the
water on to the packing from troughs located at the top of
the tower. The water is fed into these troughs from the 10"
Cel. inlet main by means of a baffle box which absorbs
irregularities in. the water flow. ’

Two propellor type fans of 45,000 M3/hr. capacity
each are located at the bottom of the towsr immediately above
‘the water tank. These fans supply the necessary draught to
strip the descending water of any dissolved gases.

The walls of the tower are made from a double layer
of tongued and grooved Murray Pine timber and a sealing
layer of "Malthoid" is inserted between' the planks to minimise
leakage of water. A Jarrah framework independent of the’
external walls carries the Oregon packing slats.

Safety Devices. - v

The only safety device on this section of the plant
is a low level alarm indicating dangerously low levels in the
forced draught tower pond.
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METHANOL SYNTHESIS PLANT. .°
Gas Circulation sttem.

o ' Gas from the Cempreesion Plant is delivered to the
Methanol Synthesis Plant through a 5/8" diameter H.P. line.
. On the cdompressor contrel panel a 5/8" bypass is provided .
© to. allow compressed gas. to be piped directly to the C.0.
Removal Plant. By this means the,C.0. Removal Plant can be
operated at any desired rate irrespective of the Methanol - ,
Plant outputs. This bypass is fitted with two panel operated
5/8" H,P. valves. One of these valves is used as a stop A
valve and is either always fully open or fully shut; the oL
other is used as a control -valve and is gagged to give the
_ appropriate gas rate; operating a valve under these conditions-
quiékly "wire draws" the seat, hence the need for the second ™
- valve for gas tight closures. The inlet line to the
circulation system is equipped with two 5/8" H.P. valves
and an intermediate pressure gauge.  One of these valves is
mounted on the -compressor panel and the other on the
methanel control panel. ' Immediately after the second valve,

" a recording flowmeter records the amount of-gas passing

to the methanol circulation system. This system which is in
'1i% H,P. piping throughout, runs to a 9" oil catchpot .
. and thence to the methanol converter. Between the catchpot
and the converter is an analysis connection, a pressure gauge,
- a 13" H.P. contrel valve, an indicating flowméter end a |
pressure gauge (measuring the gas pressure immediately before

the converter). By-passing the control valve and flowmeter
"is a 5/8" 1line also fitted with an H.P. valve and indicating
flowme ter which is used to obtain fine control for starting up
the converter. The converter heat exchanger bypass line with
its attendant 13" valve and flowmeter is teed off immediately
before the main flowmeter. This bypass line is fitted with
‘a blank for purging out purposes. All the controls in this

- gsection are panel mounted. S

’

, From the converter, the ring main passes to the
. condenser coolers;  this section is in 3% Cr. steel and is
fitted with a pressure gauge (panel mounted) and temperature -
point. = From the condenser the main passes.directly to a 12"
diameter condenser catchpot and from there to the suction side’
of the methanol circulator. A temperature point and a purging |
out connection are. located before the catchpot and an analysis - j
point, a blow-off station and two :.control valves are situated- |
after it The blow-off arrangement consists of a 3/8"
_panel operated control valve with a 3/8" isolation valve.
upstream; an intermediate 3/16" valve tees off for gas sampling
purposes. .

. One of the contrel valves is panel mounted and the
second 1is located at the circulator,. This unit has inlet
and delivery pressure gauges and a bypass fitted with control
valve, relief valve and blow-off valve array. From the
circulator the main runs to the circulater cooler; a circulator
delivery valve and purging connections are located before the
cooler and a temperature connection after the cooler,
immediately before the circulator catchpot. From this:.catch=
pot the ring main completes the circuit by returning te the
" gas inletqpoint' this section contains a blow-off connection,
. a 5/8" branch to the C.0. Removal Plant, & bypass line' to
the circulator suction &and a panel operated control valve. The
bypass line to the circulator suction is used for starting
up purposes when bringing the converter on line, it is fitted
with a panel mounted control valve.
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9 in. 0il Catchpot.

This is & M.S. catchpot 9" Xomz inside diameter, 14"
outside diameter by 5' long. It is fitted with top and
bottom covers sealed by lens ring joints. . Chrome Molybdenum
studs are used for bolting on the end covers, The inlet
gas is carried down to the centre of the catchpot where a ,
spiral discharge imparts a rotary motion to the gas to assist
in the precipitation of oil particles. A flat cone,. below
this discharge point, which reaches to within a I" of the
catchpot wall forms a dead space for the oil to collect. A
14" connection at the bottom of the catchpot reduces after
an isolation valve to a 3/8" line along which oil can be
blown to a M.S. collecting pot.

Me thanol Converter. | - ]

The internals of the Methanol Converter have been
designed to fit the same size forging as that used for the
Ammonia converter, The converter hody is hollow forged from
%, chrome steel. It is 22'9" long by L'L" outside diameter
at the top reducing to. 2'11" in the bodye The bore 1s 2'33"
swaged in to 1'7:" at the base. . '

. The bottom closure consists of a cover and lens ring,
bolted in position by twelve studs. The cover is from 3% _
chrome steel and is 2'11" diameter by 103" thick. The lens
ring of M.S. is 22" outside diameter by 17" inside diameter by
Li" base thickness. Apex angle is 60° and radius of
spherical faces is 193", The contact circle diamster is 193".
The bottom studs are from Chrome Moly. steel 3%" diameter
by 1'113" long; each end is threaded 6 T.P.l. Whitworth;
they are screwed 5" into the forging and are supplied with

MeS. nutse The studs are located on a 2' & 3/L" P.C.D.

The top closure is in two portions; the main cover
has a central hole which in turn is closed by the top cover.
The main cover is 4'4" diameter by 1'53" thick forged from
3% chrome steel. The central hole is 17" diameter. It is
held in place by 12 chrome Moly. studs 4" diameter by
2'31" long; these studs are threaded 6 T.P.1. Whitworth and .
screwed into the forging to a depth of 63"; they are supplied
with M.S. nuts. The main cover is reduced in thickness to -
1'1%“ outside a diameter of 2'9" to accommodate studs on a
3'7T" P.C.D. The seal between the main cover and the body
is of the Vickers—Anderson type. ‘A recess in the top of the
body takes the U shaped sealing ring which is of M.S., 2'5"
outside diameter by 2'3i" inside diameter by 1" wide. The wall
thickness of the U section is 8% The mean contact diameter .
is 2'44", the contact face being 3/32" wide protruding from the
ring 5/16". «

The top cover, which is forged from 3% chrome, is
2'9" outside diameter by 93" thicke - It is bolted into place
by 12 = 33" diameter chrome Moly. studs 2' long threaded
6 T.P.l. Whitworth located on a 2'2" P,C.D. They are screwed
into the main cover to a depth of 5i"; they are supplied with
M.S. nuts. - The seal between the main cover and the top
cover is a lens ring 25" outside diameter, 194" inside
diameter having a base depth of 4}". The apex angle is 600
and the radius of the curved faces is 221", The diameter of
the circle of contact is 223",

The internals are of the wall cdoling type, 1l.e.
all incoming gas passes spirally down the outside of  the basket
and carries heat away froim the forging wall.

The following dimensions are applicable to the unit:-

N -~
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Working Pressure ‘ 350 ats.

Test Pressure : ~ 525 ats.! (hyd)
Catalyst Volume .. .250 litres v
Catalyst depth 7 £te ;¢

Rated Capacity _ ‘ 4 shopt\tons/day
Inside diam. of Catalyst Basket 1'3%"/

Length of Catalyst Basket 208" ,
Interchanger : 8L coils -~ 1'74"

mean diam. 2" 0.D.
) o pipe /5[ 10 SW.Ge
Interchanger area 212.4 sq. ft.
Total Weight 28 t@hs

. /
Gas entering the converter at the toE passes down
01

through the wall cooler and then enters the cold side of the
interchangerat the base of the converter; this is the coil-
in-sheath type and is manufactured in stainless steel throughout.
From the interchanger the gas passes up a central pipe to ,
enter the heater chamber; in this is located a 100 K.W, three
phase heater; this heater is fed from a transformer fitted
with primary winding control which enables the output voltage
to be varied from zero to one hundred voltslg At 100 volts full
load current is 580 amps. The heater coils| in the converter
are made from phosphor bronze. .
The gas passes from the heater chamber directly down
through the catalyst bed and from the bottpmﬁbf the bed the
converted gases enter the hot side of the interchanger and from
there leave the converter. Two temperature points are

located in the catalyst bed; and these together with those

in the circulation system are read on a panel mounted

multi~-point indicator. X

Me thanol Condenser Cooler.

|

This is a jacketted serpentine cooler consisting of
two banks of twelve tubes connected by U bends. The top
tube in each bank is from 3% Cr. steel, the réemainder being
ordinary H.P.M.S. pipe. The total length is 584 ft., pipe
diameter throughout is 1% ins. The total cooling surface is
294 sq. ft. requiring 25 Ms/hr. for cooling purposes. If there
is the slightest tendency to leak at M.,S. pipe joints containing
liquid methanol under pressure the methanol will quickly cut
the surface of the Joint. To prevent this the ends of the
pipe in the cooler and on the line to the catchpot are tipped
with a welded deposit of NCT3 steel and stainless steel lens
rings are used for all these joints.

Condenser Catchpote.

This is machined from a hollow M.S. forging, 8'L"™ long,
1'7" outside diameter by 1' inside diameter. The outside
diameter is increased to 2'2%i" at the top to carry a rin% of
studs and the inside diameter at the base is reduced to 6"
for the same reason.

The top and bottom closures are covers sealed by
lens rings. The top cover is 2'23" diameter by 8%" thick,
it is bolted to the body by 10 - 3" diasmeter chrome moly. studs
19" long screwed 6 T.P.l. Whitworth and supplied with M.S.
nuts. The studs are screwed into the body to a depth of
43" on a P.C.D. of 20i". The top lens ring is 16" outside
diameter by 12" inside diameter by 3%" base thickness. The
apex angle is 600 and the radius of the contact faces is 14™.
The contact circle diameter is 14",

The bottom cover is 15" diameter by 5" thick, it is

bolted to the body by 7 - 2" diameter chrome moly. studs 12"
long, screwed 2" B.S,F. and supplied with M.S. nuts. The studs

_are serewed into the base to a depth of 3" on a P.C.D. of 113",

N



The bottom lens ring is 83" outside dianeter by ¢" incide
diometer by 24" base thickness. The apex ongle is 60° and
the radius of the contact faces and the diancter ol the contact
circle arc both 71", The weight of the catclmot is & tonse

The inlet and cutlet connections arc through the
top cover. The inlet ic fitted with the spiral discharge
pige vith the attendent umbrella as on the oil catchnot.

A §" dismeter connection passcs through the bottom cover and
oil or other impurities con be bloun through this linc to the
colleccting pot. The catchpot is supplled with a panel
mountod lovel pauge fitted with icolation and blovedoun valves.
A &% branch is led f£rom the side of the catechpot below the

~ level gouvge conncetion through two let-doun valves to a 0.0,
"let-do.n vessel" vhich is mounted in such a'position on the
tover structure that methanol can drain from it to the crude
acthanol storage tanks. An anclysis point and a high leve
alayii are provided ifor thisc vessel.

Circulator

This is a csingle crank vertical type machine with
one double acting cylinder, A.tail rod is fitted to the piston.

The output is 7,000 IS/hour (gos at 20°C. end 1 atm.).
The inlet pressure is 320 ats, and the discharge pressure 560
ats. It is driven by a 75 H.?. wound rotor induction motor:
the normal running speed of the motor is T30 repa.ie; but spccd
control dowmn to 370 r.p.m. is provided by means of a liguid
regulator in the rotor circuit. Five Vee belts drive the
circulator at 160 r.p.m. at full speed. '

The dosign for the unit has been developed {roa an
original design by Peter Brotherhood Ltd. - A C,I. bedplate
carrying the moin bearings and an outbosrd pedestal bearing
for the crankshaft also supports the C.I. entablature having
built in crosshead guides and a machined scat for thc cylinder.

. The cylinder and top and botton gland housings vwaich
are of forged steel, bolt together to form a single unit which
is attached to the entablaturc by the lower flange of the
cylinder. The cylinder forcing is 11% diomcter by 157 long
having a bore of 5.633"; a pearlitic C.I. linar is iltted -
having a bore of 4,8125 inches, - %he top and bottom glond
forgings arc 53" outside dicmeter by 3.063" bore and are also
fitted with liners having an inside dieanecter of 2.25",. Vater
jackets ore provided for these threc sections.

The piston rod which is 5'6" long, spigots into the
croschead and is locked with a cotter pin, Ten ring grooves
are provided on the 4,75" piston and thirty eight grooves on
both piston rod and the gland rods for effective seallng.

The cylinder rings arc 189" wide and have a gap of 0,0125"
vhen in the cylinder, The gland rings are .165 inches wide
and are fitted to have a gap of 0.006 In., when in the glands.

The strokc of the machines is 6%". Lubrication is
provided by twvo puaps driven from the crankshaft. . The first
is a smell singlc acting reciprocating puup for the lubrication
of the main bearlings and top and bottom conneccting rod bearingso.
The sccond is a threc point "Bosch"”. type high pressure pump
for the lubrication of thc top and botton glands and the cylindon

: The inlct and ¢xit vaolves are of the cpring loaded
nushrooi typoe They are housed in rectangular stocl blocks
attached directly to the cylinder. The H.P. lincs loading
to and fron the machine are bolted to these blocks, -

The barring of the moachine is carried out by hand
using a lever inscrted into holes drillcd in the flyvhcel.



- 42 -

The euxziliarics includc o seceoad notor driven
I.P. "Boceh” lubricator for starting un purposes, ana a
Bu&enb\mc; Aachometes:*.

The gas lcals £rom the ton and botton glands arc
collected and pined avay through o floumoter to the oil
collecting pot. he gland lealkts £lowmoter gives o useful .
indication of any brcakdown in the oiling systen to theso ccalo.

g_grculatoi? Cooler »
| This relativoly smnll coolcer 1is of the water Jacketted
counter~currcnt scrpcntine varicty. it comprises 9 - 14"
H.l'. pipcoo having a total length of 111,5 feet ond a coolinfg
surface aren of 56.e> sq. fect, .
Thic cooler consuacs 8 [19/hour of cooling vater.

Gipculator Cotchpot

The ecirculator catchipot is cimilar to the condenser
catchpot with thoe axception that no level gouge io roguired
and that the only drain is at the botton leading to the
vastc oll collecting pote

011 Collecting Pot

Thio cg{lﬁ.ndor veooecl is of welded congtruction
fabricated fron " plate, 1t receives waste oil irom the
three catchpots an& thoe gland lcaks £ron the circulator, It
ic fitted with a 1" drain ond a lcvel gouge attachient, also
0 pressure gouce and o 29 spring londed relief valve sct to
1ift a% 15 1lbs./sq, inch govpe. A 2* linc runs irom this
vesacl to the main coupressor suctlion line to carry auay
the gas cvolved when oil under high prossure 1o 1ot down.
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- IBTHANOL DISTILLATION PLANT

¢

. The Distillation Plant is scparated from the
remainder of the equipment on account of the highly inflamimble
nature of refined methanol. The crude and refined storage tanks
are located at ground level approximately 50 fcet from a tover
structure vhich carries the remainder of the equipment. This
structure, vhich is 15 feet by 256 fcet at the base by 75 fcet
high, has decks ot appropriatc levels. (appreximately every 12 fcet)
A stalrway runs up one side of the structure and an overhead
gantry beam at the top of the structure is provided to facilitate
the handling of the still sections and other equipment.

‘ The structure is unshected but all controls,
i.e. panel valves, flowmeters, temperature recorders, etc., are
located on a panel situated in a control house at the base of
the structwre,

An elevated loading out platiornm ior the storage
and £11ling of druns 1s located on the plant. This platiora is
Yitted with an autonatie "Bowser" for measuring methanol exported
from the plant. This loading platioria is covercd in on all
sides except that facing the road unich is used for loading out
purposes, :

BATCH TAIKS

Crude mcthanol from the Let Doun Vessel (located
on the mcthanol synthesis bay of thc -maein tover structure) flous
by gravity to onc of two batch tanks. These are of m.S.
wvelded construction capacity 2% 1% Fabricated fram % inch plate
and cylindrical in shepe. They are fitted wvith level gouges,
sample points for analysis and are efileclently earthed. A 17
standplipc 6 feet high froa; each tank provides a vent; thoose are
fitted with a "smuffer” for use in casc of fire. Thege Ysnuflers”
consist of a Z-inch steam jet set ecross the mouth of the went.
~All vents on vessels in the distillation section are sinilarly
treated and the steam to them is controllied from 2 cormon valve.
In the event of a fire the steam supply to these extinguishers
is turned on and thioc prevents the {iring of any vents as well
as extinguishing any that are already alight.

The batch tanks are located on a steel trestle
structure above the crude methanol storage tanks.

CRUDS METHANOL STORACGE TAHKS

There are three of these, cach of i8 A capacity,
situated at ground level. The various services fceding them
are piped from heeders above the tanks and an operating platfora
runs along the tep of the tanks for the control of these services.

The tanks are cylindrical in shape,are 12 feet
high by 8 feet diameter, and are fabricated from 5/16 inch f.s.
plate, They are provided vith level gauges, drain lines, vents,
sample points, alir connections and are efficicntly earthed.

Crude methanol is fed to these tanks from a iZ-inch
.8, header pipe. The air connection (1 inch dismeter) is
connected to a perforated ring at the base of the tank for
bloving purposes.

Caustic soda can be fed to theee tanks by & 1i-inch
line from the caustic soda storage tanlk.

, A 1i-inch linc from the 6 II° Inter reccivers
the 4 M9 egg runs back to the crude storage tanks.



PRIMARY STILL SYSTEM

The primary still, having a capacity of 0,23
tons/hour, is built up of 4-foot ’welded m.s. sections bolted
together. It is 60 feet high and 2'6" in diameter.

The internals consist of forty-eight bubble
cap plates of c.,1. construction, accurately levelled. Below
the plates is a callandria with a total heating surface of
430 sq.ft. This is achieved by means of (6% Alumbro tubes
10 ft, long by 1 inch 0.D. The callandria operates at 15 1lbs.
per sq. in, pressure and. a motor operated stcam control valve
maintains the pressure at this figure within close limits.

Vapour leaving the still passes out through
an 8-~inch m.s. main to the primary condenser,

Crude methanol is fed to the still at one of
the following plates - 21, 24 or 27; and the refined methanol
is taken off at elther plates 39, 42 or 45,

Pressure and analysis points are provided
at every ninth tray and eight temperature points are provided;
one immediately below the callandria and one lmmediately above
it and the others at the feed and take-off points,

The feed to the still comes from a constant
head tank, 1 foot diameter x 4 feet high which is maintained
by one of two Tgo mpsons pumps (one working, one spare) with a
capacity of 3 MY per hour against a total head of 80 feet with
liquid of 0.9 specific gravity. The overflow from this tank
returns to the suction line via a 20-foot lute,

: The 14" m.s. line from the head tank to the
still is fitted with a Rotameter for flow measurement and a
control valve, both of which are mounted on the control panel.

The tails from the still are controlled by a
panel valve and are measured by means of a notchmeter.

The steam supply to the callandria is metered
and controlled by a panel valve; the condensate being led
away through a 1z" trap to drain,

The still is lagged with 85% magnesium lagging
to a thickness of 2",

PRINMARY CONDENSER

This is of the multi-pass type having an
8 i inlet and a 3-inch vapour outlet. It is of welded
construction and has a condensing surface of 360 sq. ft.
made up by 160 Alumbro tubes 9'6" long, 1" 0.D. x 14 S5.W.G.

Condensate drains through a 2" line back to
the top of the still (plate no. 48) through a lute. A
flovmeter, analysis point and temperature point are provided
in this line.

Cooling water is supplied through a 3" line
fitted with a fiowmeter and isolation valve on the inlet
side and a panel mounted control valve and a temperature
point on the exit side.

Both the vapour 11nes have temperature points
mounted in them,

Care is taken to ensure that this reflux
condenser 1s efficiently earthed.:
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REFIILD LETHALCL SYSTEH

Refined methanol f£rom onec of troys 89, 48 or 45
rune vio a li-inch diameter line %o a cooler. This cooler ic
of thc annular type, having a i-inch diamcter Alumbro colil set
in an annulapr w.S. tank 6 fect hisgh 4 feet 6 inches outcilde
diamcter and 4 feet inside dismeter. The methanol is cooled
by countcr current action, the vater being let into the tank
at the base and averflowing froa the top. Cooling uvatcr is
supplicd throuch & li~inch diameter line; o tcmperature point
is located in the 1. -inch outlet 1line. The cooled methonol
discharges from the “bottom of the cooler through a i-inch m.o.
line fitted ulith a temperaturc point, an anslysis point, a
rotameter and a pancl control valve to one of two imter
recelivers. These inter recelveors, which scrve as intceraoedlate
storagce vesscls for testing are of welded construction beoing
cylindrical in shape and fabricated from z-ineh plote being
6 reet diemeter by 7 feet 6 inches high. %They arc fitted with
lovel gauges, analysls points and vents, A l-inch compressed
air scrvice is olso provided to each tank which connects with
a perforated ring at the base of the tank for agitation purposcs.
A 1-inch line runs to oither tank from a 5~litre sulphuric acid
Me&8., contaoimer for doping the methanol.

Prom the inter receivers the methanol is run via
a 1i-inch m.s. line to either the refined storage or back to
the crude storage for further retreatment.,

REPINED LETHANOL STORACE

This scetion consists of three cylindrical
.8, tonks of similar construction to the crude methonol
storage tenks., . They are locatsd at ground level and are
fitted with levcl gouges, deain lines, anslysls polnts, vents
and air agitation arrangements. A 1:z=inch line tron each
tanlk conncets to a comnon header feeding to a metering dbouser
thich is electrically driven.

LSCOLIDARY I HAIIOL SYSTEL

Vapour from the primary reflux condenser
pagses to & secoandary condenser.

The secondary condenser is of the "trombone"
type. The 3-ineh vapour line enters the top of a horizontal
cylinder; and condensate drains out the base. Cooling is
provided by means of three sets of circular ceils made up of
galvanised 3" I.D. piping. Tho ecoling surface is 406.5 sgquare
reet. A 2»1nch vent is located in the contre oi this cooler
to ronoeve any uncondansed Vapour. Cooling voter is provided
by means of a li-inch linc with a {loumeter and orifice plate
on the inlet side and a temperature point and pancl control_
valve on the cxit side.

Condensate from the condegser nassco through a
rotamater to & secondery receiver of 3 UY capacity. This
recciver, vhich is a cylindrical tonkt of wolded construction
from ;-inch m.o. platec, is fitted with & level gauge connection
and an analysis point. It is conrected by a i-inch 4droin %o
¢ither the fecd Lor the sccondary still or the line to thke crnde
mothanol storage.

The seeonﬁary’still, vhich has o camacity of 0.1
tons/hour, consists of a 20-feet high 18-inch diaueter m.o.
coluan pocked with 1-inch @m.o. rings to a poacked height of
i° feet. The feed enters through a rotamcter and nanel
valve to one of threoe fced points loecated 2 feet & inches,
3 feet 9 inches and 5 Lfcet 3 inches from the base of the
packing. Anolysis point is situntced in the feed linc. At
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the base of the still a callandria heater consisting of a
triple coil of i-inch diamcter Alumbro tubing having a

total heating surface of 49 square feet is supplied by steam
from the same system that feeds the primary still. A lovel
gauge is fitted to the callandria. Temperature points are
located at 3 foot intervals up the packed portion of the
still and at the base of the eallandria.

A 6~inch vent with a manometer connhection and
temperature point leads to the reflux condenser. This is
identical in construction to the secondary condencor with the
exception that the water line is 2 inches diameter in place of
the 1li-inch diameter line on the latter vessel. . Isolation
valve and flovmoter on the inlet line and panel control walve
and temperature point on the exit line are provided for this
vater seprvice.

The condensate frum this unit £lous through a -
il=inch reflux line back to the top of the still. A rota-
meter ond analysis polnt are located in this liné. A drain
throu:h & rotameter is connected to this line for purging

purposes.

The bottoms from the still run through the
secondary still cooler to a # IS pressure egs. The cooler
is identical to the methanol cooler for the primaory still.

The pressure ogpg is a @m.c. eylindrieal vessel
With dished cndse It is Litted with a level grnuge, a
‘pressure gouge and an analysis point. Adr is supplied from
a "Nasch" type compressor thich services the vhole plant at
30,Ibs. per square inch gouge pressure.

Crude methanol collected in this egy is blown
back to the crude storage tanks via a 1}-inch m.s. line,
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CO_RJENOVAL AND‘FINAL'PURIFICATION PLANT.

High Pressure Gas Lines. ' o

C Gas from the Compression plant enters the CO Removal
plant via a 5/8 in. H.P. line; an orifice plate is fitted into
this line and a panel mounted. pressure gauge is connected to ite
Before entering thc base of the CO removal tower a 65/8 in. line
from the Llethanol Synthesis plant tees into the systenm. A
purging out connection 1is provided immediately before the tower.

- The scrubbed gas leaves the top of the tower through
a 5/8 in. line which conveys it to the base of the caustic
scrubber, a purging out connection, a blow-off arrangement, an
isolation valve and a non-return valve are located in this

section.

From the top of the caustic scrubber a 5/8 in. line
runs to the top of the charcoal catchpot. A blow~off arrangement,
a pressure gauge a purging out connection, and orifice plate, a
branch leading to the CO and COg estimators, an isolation valve
and a second blow-off after the isolation valve are incorporated
in this line. ‘

Gas leaves the base of the charcoal scrubber passes
through an isolation valve in the 5/8 in. line, 'a 3/8 in. .
branch for thec make up gas katharometer and a panel nounted

blow=off arrangement is fitted inthis scction; the gas then

passes through a panel mounted control valve before entering the
¢circulation system of the Syntheslis plant. A by-pass taken

from before and after the isolation valve preceeding the charcoal
catchpot and re-entering the system immediately after the
isolation valve on the line leaving this vessel allows it to be
isolated for short period without shutting down the plant. This
by-pass is fitted with a 5/8 in; isolation value.

Copper Liguor Lines;

For the sake of clarity the copper liquor lines are
considered under the copper liquor regeneration system.

CO_Removal Towers.

This tower is made up of two equal M.S. hollow forgings
bolted together to form a tower 38 ft. high; it is 13% in. inside
diameter by 20 in. outside diameter. BBach end of thc two halves
carries 10 in. of R.H. buttress thread, 1/2 in. pitch by 3/8 in.
tooth face, this thread stand proud of the forging. '

: The two central fianges and the two end flanges are
2 feet 3-3/8 in . outside diameter by 9 in. thick and are
recessed to carry a 60° lens ring. ’

The studs for the central joint are 2 ft. 3-5/8 in. long
by 3-1/4 in. diamcter. They are made from Chrome Moly. Steel
and are screvied 6 T.P.l. WWhitworth; 10 are provided. They are
screwed into one flange and carry elongated cap nuts 11-1/4 in.
long screwed for 6 - 1/2in; the position of the hexangonal faces
alternating to allow operation by a spanners ot

~ The studs for the end joints are similar to those
already described except in their length which is 2 £t 2-1/8 in.
The nuts are 5-1/2 in. long and although they are not cap nuts
the same staggering of thc faces as used on the mid joint is
necessary for spanner clcarances

The three lens rings are similar and are machined from
H.3., forgings. They are 17-1/2in. outside diameter by 13-1/2

in inside dianecter with a contact diameter of 15-1/2 in a face
radius of 15-1?2 in. and a base width of 3-1/2in.
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LePe POCking.
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 The end covers are 2 ft. 3-3/8 in. outsidé dianeter
by 9 in. thick and onec recessed to carry the lens rings. They

are drilled on a 24 in, P.G.D. to carry the 10 = 3=1/4 in. studs.

Level gauge connection holes are drilled in the wall
of the tovwer at 1ft.2 in. and 6 ft. 2 in. from the bottom end,
tvwo at right angles at each distance.

The tower is randon packed with 20 fte of 1-1/2 ine by
1-1/2ine. by 16 S.U.C. [1e¢S. rings supported on a grid 9 £t. from
thce base of the towere A stand pipe with protceting umbrella
at the top is provided for the gas inlet at the base of the '
tover; gas leaving the top of the tower nust pass through a
scrics of bafflc plates to climinate entrainnent. Copper
liquor is conveyed onto the packing through distributing boxe
- To prcvent escape of gas through the copper liguor outlet at the
base of the tovepr bafflc plates arc fitted to break up any
incipient vortex. :

Copper Liquor Injector.

"This is a three-throw, singlc acting horizontal ram
pumpe It is driven by a 100 H.P. 730 R.P.!l. wound rotor
induction motor fitted with speed control. The drive is
through a singlce reduction double helical gearinge

The motor and injector arc mounted on‘a common base
plate which covers the bearings for the crank -shaft and to
which the cylinder blocks are bolted on 15-1/2 ine centrcs

The driving D.H. pinion_is forged intcgrally
with the driving shaft from 0.55% stecle The shaft is
1-1/2 in. ida. x 3ft 5 ine. longe Thc pinion has 26 tceth
6 in., D.Pe. 22=-1/2 helix anglc on an 8 in. facce. bei:ing 84746
in 0.D. The driven wheel is 64.587 in 0.D. and carries 192
D.He teeth 3 in. D.P. 200 P,A. The tecth are machincd on -
a 0.4 Cs Steel tyre shrunk on to a Ce.S. spider which is keyed to
and 8~1/8 in. dia. crank shaft.

The 3 throw 120° crank carries four nmain bearings of
6 in. dia. “The cronks are at 15-1/2 in. Ce.ReS. The crank
shaft is drilled to supply forccd lubrication to all bearings.

The connecting rods are articulated to the cross heads
by ball and socket jointse. The cross heads slide in spun C.l.
guides and arc attached to the rams by reans of rings £itting into
recesses on the lattere

The rans arc 1-7/8 in. dianter by 26 in. long and chrome
plated. A case hardness of 950 -~ 1000 S.Ce is nccessary to give
satisfactory life. Rans are normally casec hardened vhen necw
and then ground and built up with hand chrome plating as they
vears » -

The cylinders are machined from forgings 6 in. Square
by 2 ft. 3-3/8 inlong. This unit also carries the suction and
delivery valves. The cylinders are 2~7/8 in. dia. and are
sealed at the ram entry end by a stuffing box packed with
altcrnate turns of greasy hemp and woven cottone.

The valves are of the dcad weight poppet typce Lift
1/8 in. scat diameter 1-15/16 in. The seats arc 2-7/8 in. O.D.
by 1-3/4 in. 1.D. and fit smugly into the valve housing being
scaled with two fibre rings let into the outxrface of the seat
. ring. Both thc valves and the seats are from 12 crStcel.
The valve rccesses are scaled by covers held in place by
6 - 3/4 ine. bolts.
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" Inlet and outlet headers conncet the cylinders.

A direct driven gear pump supplies oil from the swip
in the crankcase to all bearings and guides.

P

Caustic Gerubber,

This is machined from g M.S hollow forginge It is
18 in. insidc diasmeter by 28 in. outside diameter by 10 ft. long.
The top is swaged in to give 12 in. inside diameter and 26-1/4 in.
outside diameter and the bottom is swaged in to give 9 in. inside
~diameter and 21 in. outside diameter. '

‘Covers are bolted to each end and sealed with lens ringse.
The top cover which is 26~1/4 in. diameter by 8-1/2 in. thick is rec
essed on the underside to accommodate the lens ring. It is
bolted to thc body by 10 chrome molye. studs 3 ine diameter on a
2-1/4 in. P.C.D. the studs are threaded to Whitworth form 6 T.P.I.
they are 19 in. long and are screwed into the body to a depth
of 4-1/2 in. The bottom cover is 20 in. diamecter by 6-1/2 in.
thick,it is recessed in a similar way to thc top cover. It is
bolted to the body by 8 chrome moly. studs 2-1/2 in. diameter
on a 15 ine P.C.D. the studs arc thrceded 2-1/2 B.S.P., they are
15—142 in. long and are screwed into the body to a depth of
B3=3 in.

The lens rings are turned from [1.S. forgings. The
top onec is 16 in. outside diameter 12 in. inside diameter by
3-1/4" thick at the base, in profile it approximates to an
equilateral triangle, the two inclined "sides" having a radius
of 14 in. The circle of contact arc cach face is 14 in., dlameters
The bottom lens ring is similar to the top in profile, it is
12 in. outside diameter by 9 in. inside diameter. by 201/2 in,
maximum thickncss, The radius of both faces is 10-1/4 in,
and the diamcter of the contact circlc is 10-1/4 in,

The scrubber is mounted in a vertical position and
supported in thc structure by a ring projecting 1/2 in. located
6 fect.from the bottom of the vessele It is tested to 525 ats,

The scrubber is packed with approximately 4000 I1.S.
rings 1-1/2 in. diameter x 1-1/2 high made from 16 Se.U.Ge. sheet.
A level gauge is fitted at the side and a 5/8 in H.P. blow down
line i1s located in thec basee. Caustic is injected into the side
of the vessel through a 3/8 in. H.P. line lecading from the
caustic egge . '

Caustic Injection Systen.

Caustic for use in the caustic scrubber is mixed in a
small tank 3 ft. diameter by 3 ft. high. . It is run from this
tank by gravity into a caustlc cgg through a 5/8 in. H.P, line
fitted with tvo isolation valves in series. The egg is made
from 4 in. solid drawvm pipe; 1t is 7 in. outside diamcter by
3 ft. long. Flanges 11 ine OJD. by 2-5/8 in. thick are screwed
to the ends and 6 - 1~1/2 in. studs screwvwed 8 T.P.I. Whitworth
bolt on the covers which are thc same dismeter and thickness as
the flanges. Pressure is supplied to the egg by a branch line
running from thc HePe gas line kaving the CO. tower, two isolation
yalves and a blow-off for pressure reclease are fitted to this
3/8 in. lince. ,

Charcoal Scrubber,

. This is a vessel.similar in dimension and construciion
to the caustic scrubber. = The only differcnce betucen the units
being the omission of a level gauge and side entry pipec on the
charcoal scrubber. ‘
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Copper Liquor System. '

Copper liquor is stored in a cylindrical make up tank
when in girculation, and surplus copper liquor is contained in
two 10 IT¥ storage tanke., A 2 in. outlct from the make up
tank runs to the lste. copper liquor cooler. A by pass is
provided for usec on high rates 1o allow the liquor to be boosted
in pressure by onec of the three circulating pumps before passing
to the coolcr. After lzaving this unit the liquor passes
- through a duplex strainer into the copper liquor injector, all
lines up to this point are 2 in. diam. From vhe injectoy the
liquor is delivered via a 1-1/4 in. H,P. line to the top of the .
CO removal tover. In this section a non-return valve, a control
valve and a temperature point are located. The liquor is lct
out the base of the tower through a 5/8 in. line past a temperature
point and to the let doun panel. This lct down arrangement
consists of twuo 5/68 in. isolation valves with a third intermediate
3/8 in. valve -~ all pancl mounted, & pressure gauge is situated
betueen the sccond and third valve. tthen letting down Copper
liquor from the tower the 5/8 in. valves are normally fully open,
control being obtained by operation of the 3/8 ine valve, these
valves are located within sight of the panel mounted CO Tower
level gauge. From the let doun pancl the liquor is for«ed up
to the let down vessel situated in the top sccetion of the
regeneration tover. ' 1t flows out of this scction of the tower,
down through aninterchanger and back to the top of the scrubbing
portion of the regen tover. In this section of the circulation
gyatem o 4 ¥ capacity vessel is comnected in such a way that the
liquor can be made to pass through a quarter, half, three quarters,
or the full volumec of the vesselar alternatively it may be passed
completely. An analysis point is located in the,K line just before
entering the top of the scrubbing section of the tower.

From the base of the tower the liquor returns to the
interchanger and then enters one of two booster pumpse Tcmperature
points arc located on cach side of the interchanger and pressure
gauges are fitted to all lines to and from the uwnit with the
exception of the initial. inlet lince. From the booster pumps
the liquor is pumped through two coolers in series and then enters
the top of a small absorption column mounted on top of thc make
up tank. A pressurc gauge connection, panel operated valve, and
flovmeter are in the line before the coolers and temperature
point and an analysis point are in the line after the cooler.

Regeneration Tover.

This is a cylindrical tower of wélded construction -
2 £t. diameter by 48 £t. high. The tower contains a number
of seperate sections wvhich perform inter-relatcd functions.
A 2 in. blow off is situated at the top of the towers The top
2 ft. are loft crpty to act as a gas seperating space; the next
8 ft. are packed with 1-1/28in. x 1-1/2 in x 16 S.V/.G. MeSe rings
supported on a [leSe gride. Below this is another empty scction
9 £te high containing a diaphragm at the base on vhich is
supported a 3 in x 8 f£t. 3 in. standpipe; this standpipe has a
cowl oven the tope. A level gauge fitting is provided in this
scction of the toweér. Below the diaphragm is asnempty 5 £te 6 ine
section and then 16 ft. of 1-1/2in. by 1-1/2 in by 16 S.V.CGe [l1eSe
rings supported by a lleSs gride The rcaainder of the tover is
taken up with a steam heating unit. This is in the form of .a
callandria of 41 llsSe tubes 1 in bore by 3 £t. long envlosed in
a 3 £t diameter shecll, Two levcl gouges, one of which is
visible from the operating platform inside the ammonia building
are fitted to this section of the towere The whole of the
regeneration tower is lagged with 86 lagnesia lagging to a
thickness of 1-1/2 in. and finished off with 1/2 in of hard
setting compound and cloth wrappinge. :



8 f£t. high with dished ends having a capacity of 5 MY,

.mounted on a stecl struoture 6 fte. above a concrete sump which
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Interchagger
This comprises 10 horizontal banks of 12 tubes each

7/8 in o.d. by 22 £t. long packed inside a 6 in. H.8. tube.

The total interchange surface is 605 sqefet. The cold liquor
passes outside the 7/8 in. tubes and the hot liquor passes through
the tubes in a counter current directions.

Copper Liguor Coolers.

The large set consists of two banks of coolingcoils and
the small set consists of one bank of coils; all banks are
identical., They consist of 32 - 12 ft. lengths of 1-1/2 in.
diameter pipe containing ajproximatcly 160 sq. ft. of cooling
surfaces The pipe runs are horizontal on 4-1/2 in. centres.
Cooling water is fed froa Ce.I. launders above the coils, and

wooden slats bolted betwecn the launders cause the cooling water .

to film down over the pipes.

llake up Tanke
This is a MeSe welded cylindrical tank 6 ft5 dlam. by

It is

also has a capacity of 5 M®. At the top of the vessel is wounted
an’ 8 ft. by 18 in. scrubbing tower packed with 1/2 in. by 1/2 in.
X 16 S.U.0. 1MeSe rings in two sections. - Connections.are
provided so that air or ammonia gas may,bc blown into the base

of this tower for controlling the composition of the liquor.

The make up tank is fitted with level gauges manhole, drain and

overflow conmnect ions o

Copper Liguor Drainage Sgstem.

“All. points in the copper liquor lines where liquor would
collect when the lines were draincd arce connected by 2 in. lines
to a header which in turn is conneccted to the auction side of the
circulating pumps via a strainer.‘

Similary all level gauge drains run to @ collecting
pot from which copper liqnor ‘can be run to the preparation tanke

Booster Pumgs. ‘
Two are provided (1 running and 1 spare). They are

‘Thompson B.G.M. 1-1/4 in - 1=-1/2 4in types delivery 6 MS/hr.

against a total head of 75 e

" C pger Liguor Prqparation Plant.

This unit conprises the following eqpipment’—

Preparation Tank: Horizontal cylindrical welded tank 2 ft 6 in.
disme x 10 ft. longe . - - - B

Copper Liguor Heater = Cooler: Vertical, jacketted 10 ft. length
of 1-1/2 in I1.S. tube. The jacket is fitted with steam and
cooling water connectlons for temperature control purposess

Copper Liquor pr gparation Pumps. 3 are provided similar to the
Booster punps. -

Air Blowers =~ This is a positive type L2 Nash = Hytor of
70 i/ hr. capacity at 16 1bs/sqe in. It is ( directley
coupled to a 3 HePe 1000 R.P.lM. motor.

Copper Licuor Preparation Tower: This is a welded MeS. vertical
cygindricai vessel 2 ft. 6 in. diameter by 10 f£t. highe A
supporting grid 18 in, from the bottom is provided to carry copper
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turninge. Armoonia gas and aiy connections ape provided in
the basc of thisc tower.

Conper Tiquor ¥reparation Pipevork, +=inceh I.0. lines
ccnnect the eirculating punp deliverics “to the preparation
toever through the hecater cooler. Fro the bottom of the
tower a line runs to the preparation tank, the basc of this
tank is connected to the punn suctions.
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ATIONIA SYNTHESIS PLANT

GAS CIRCULATION SYSTEI:

The system whercby gas for synthesising is circulatcad
through the converter, the precipitation and the condensation
sections is cll cerried out in {-1/4" H.P. tubing.

Hot mas leaving the converter passes to ‘the converter
coolers, This line is in 3% Chrome tubing; the flonges are
in 0.L4% Mo stecl, the bolts are from Chrome-lMolybdenum steel

. end the lens rings ere of 3% Chrome Steel, These special

matericls are used as the gas in thic section of line may be
at temperstures excecding 250°C. A temverature point,
precoure gouge connection end an onelysis point are located
in this line. '

From the converter cooler the gas ond condensed
ammonia pass to o 12 in. catchpot; for tempersture control in
the cooler a temperature point is located in this M.S. line.

It is importont that this portion of the system should have.

a' dowmnwvard elppe to the catchpot for drainage purposes.

From this catchpot gos passes to a second of similer
design vhose function is to prevent ocnhydrous cmmonis being
carried to the circulator, On this section o panel mounted
pressure geugec, on enalysis point, o purging out connection,

a panel mounted isolction valve and s stendard blow~off
connection are located.

i Leaving the second catchpot the circulsting gos enters
the gas circulator control section. The control of gas

possing through the boosting circuletor is achieved by having
isolation valves on the suction and delivery of the machine;.

a 1=-1/4 in., circulator bypass line between the velves fitted
with & control valve and g blow-off connection immediately before
the circulator delivery valve. In this section are located
purging out points on either side of both isolation valves,
Precsure gauges on the circulator suction snd delivery end a
temperature point on the circulator delivery line.

. After the circulator delivery isolation velve the
gas pasces to o 12 in. 0il catchpot and from there to the inlet
of the cold exchanger., Leaving the cold exchanger the cooled.
gos passes to the armonia condenser and thence to the condenser
catchpot. From the caondenser catchpot the gas re-cnters
the cold exchanger from whence it passes on to the gmmonis
converter. Temperature points are located on the two inlet
lines and two exit lines of the cold exchonger snd pressure '
points on either side of the condenser.

A plent bypass connecting the line immediately before
the converter controls to.the circulator suction line is
provided to assist in controlling gas rates through the converter
vhen it is being brought on line. This bypass has ¢ panel
operated control valve.. ,

The line before the compressor inlet system ig fitted
with o blow-off arrangement snd o branch leading to s
Katharometer for sutomstically snd continuously sampling the
circulation gas. A purging out branch and o pressure gauge
connection are located before the masin isolation valve to the

. converter after vhich is on orifice plate and purging out

braonch, the line bifurcates at this point into tvo'5/8 in. inlet
lines, one on each side of the top of the converter. To
facilitate control at low rates during starting up periods a

5/8 in. branch with control velve, orifice plate, pressure point,
and blow=off connection is provided to bypass the moin inlet -
valve and main inlet flovmecter. .



AITLIONIA CONVERTER :

The internaolp of the cmmonia converter are housed
in o forging identieccl with the methznol converter forging
in cvery woy oxccpt for gnall differences in the top cnd
bottom outlets $0 accommodote the more claborate bypaso
arrcngcrientg of the cnonia convertors The internol

apengonent 4o hovcvor,considopchly gifferent og chouh by
the follouing detoails:~

Uorking Prcssure.
Teot PrecsurCs
Catalyst Volume,
Catalyct Depthse -
Rrted Coapacity.

350 ots.

525 ats. (hyd.)
290 litrcoe

15 £t.

10 tonnes/dcy.

Inside Diz. of Catalyst 12 insg.
Bogkets

Length of Catalyct 20 £¢ 8 inse.
Boghicte

Interchonger Arcao. 56 sgefte

Catalyst Cooling Tube 53 e Lte
Areag.

Total Tloight, , 30% tonge

A genepol arpongeniont droving of the cmonio
converter ig shotn cnd olso a line diogram to illuptrate the
gos flou in tho unite

The incoming ges all pagses sﬁlfally domn the
outside of the lagging gheath just ingide the convertor wollj
it thea leoves the converteor throuch two 5/8 in. conneeti“na
in the gide woll,ef these lines conbine to form a 1% in. line

.vhich re-cnterg the converter at the bogse ond pagses to the
outride tube of the intorchongers An interchonger bypogss
with ponel opcrcted velve and orificc plate for flow measure=
ment bronches £rom this line cnd onterg the converter by a
gcporate comnecction in the bage teolkzing the bypassed gas
dircctly to the catalyst cooling tuboge

The intorchonger is fabricoted from ¢$vo [1.8. tubes
threeded through one cnother ond bent ¢o form g double stort
opircl of cloven turng, the top endo beling connceted so thot
both hot and cold gases pacs up ond dovn the gpircl, Tho
inconing gos cfter being hested in the interchonger poscges
up the converter through the catalyct cooling tubes. From
those tubes it pacses over the threc heator coils and enters
the catclyoct bode. On lcaoving the bed at the bottom of tho
converter the hot converted gac cntcers the intorncl tube of
the interchconger ond from- therc loaves the converter.
direct bypoco is provided to corry gas dircetly on to the top
of the cotolyst bed; this congisto of & 5/8 in. comncetion
cntering the top cover, a ponel operated control vaolve cnd o
orificc plate for flou meacurcncnt are provided in thio line
%0 givo adequate control,.

Tac temheraturc of the egtaly@% ig ascer%alﬁc& by
rneans of o centrel pyrometer sheath in vhich are locaoted olx
themocouplen at points equidistent doun through the bed..

The thrcee phase heater heg coils of nichrones, Pover
ig cupyliecd from o 125 R.V.A. trancforzer fitted vwith e motor
operatcd voltoge regulator; 0 pancl mounted “"roice end lower:
voltage" suiteh opecrated this rerulator. The power cntcrs
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the comvorter.through three woter cooled luntz motal
clectrodcoe. : . .

Heo$ is wetolned in the cefclyst basket and
proevenicd fron reaching the converter wallg by mcong of a
logging cheath of ngbestoo ccment 24 in. thicke The gpceo
outsldc the baglzet above the interchenger cnd the speee arowmd
the clcetvric clecmonts 1o similorly protectede .

ZThe catolyst cooling tubes, the tube cupport
gpidern cnd the cotolyst basket housing are all made from
18/8/41/4 otoinlcocs ctecle All nuto, bolés cnd gtuds used in
the comvester ore from 653 chrome steels ‘ C

CATCHPOTS

There ore four cotchpots in the gysten. The forgingo
for thoge cre 0ll ginmdler ond identicol to those uged for
methonol synthesis, There are two types of internsls fop
theco catehpotse The inlet spiraols and their attendant
umbrellas for preventing cntrainment being locatcd highor up
the cotchpot in thosec cases when ommonia liquor ig being thrown
down, Thore large guontities of liquor sre not likely to
be present l.e. before and after the circulator, the umbrella
ond spirecl pipe ig moved farther dotn the catchpot thercby
increasing the precipitating spece. The two catchpots
collecting cmronia ere fitted with connections for visual level
gauges cnd penel mounted indiuction coil level gougese These
cotchpots ©lso hove 5/8 in. conneetions for piping the amaonia
to the lot dotn cyotem. All the catchpots have 3/8 in.
drainage lines from the bottom fitted with threc isolation
volves in gseries leading o an 0il collecting pote

CORVERTER COOLER:

This is similar to the methanol converter cooler in
g0 for as it consists of two bonks of twelve water jecketted
-tubeg connected by U bends. .= The total length is 584 £t. with
o cooling surfoce of 294 sqe f£t. Cooling water required is
25 113/hr. end this ic supplied through a 3% line, The ‘top
(inlet) four lengths of pipe and corresponding lens rings are
in 6%} chrome steel, The remoihder of the H.P. pipes in the
cooler ore from normnl l.Se. piping. The weter jockets which
arc held in the concentric position by beads of vweld metal
Y%acked” on to the H.P. pipe sre jointed with the gemi flexible
rubber joint ring of the "Viectsoulic® type. Cooling woter
is counter current to the gas flou,.

CIRCULATOR:

Thigs is cn identiccl uni§ to the llethanol Circulstor.
The output is smoller being 6000 I17/hr. (measured asc gas ot 20°C
ond 1 otm.); thig is cchieved by operating the mechine ot a
slover speeé l.ce 142 R.P.ll. max. A comperigon of the drives
for both machincs is ag follous:- .

| Ammonia  llethenol
. Ciprculator Cirpculator

Driving lotor I P. 60 A 75

[loxeSpecd of llotor. » 730 4 730

lotor Pulley. O.D.- 14% ins. 16% ing.-

llaxe Speed of Circulator. 142 R, 160 RP.

Circulator Pulley. O.D. 747 747

' . The drive in each cage is by meons of 8 - 4% in x & in.
D scction V ropese As on the llethenol converter speed control
is provided down to 360 R.P.l. Designed inlet and dischaorge
presoures are 320 ots ond 360 ets respeetively, Cooling ig

provided for the glondpo cylinder by water jeckets.
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COLD EXCHANGERS: o

The cold exchanger consistg of a 37 ft. length of
5" bore H.P. tube (jointed in centre) carrying a nest of
55 tubes 1/2" 0,D., 16 S.W.G., 36 ft. long. The hest .
exchange surface is 260 sq. ft. The incoming gas to be
cooled flows outside the <--1/2" tubes, and the outgoing gas
from the ammonia cooled coils flows inside the tubes.
Temperature points on both inlet and outlet lines allow the
performance of this unit to be continually checked.: .The
whole of the condensation section consisting of the cold
exchenger, the ammonia condenser, the condenser catchpot and
all interconnecting pipes are eexk lagged to a thickness of
3", The legging consists of slag wool mats held in place
by. wire mesh; the surface being finished with a mixture of
bitumen emulsion and cement. »

AMMONIA CONDENSER:

. This consists of a Class 1 fusion welded pressure
ressel constructed to Lloyds Rules, It is 3 £t.6 ins,
diameter by 12 ft. long, and is fabricated from 3/4" M,S.
plate. It has dished ends which are bolted to the body
of the vessel, Two banks of hairpin cooling coils are
arranged in this condenser; they are each 150 ft. long and
are fabricated from butt-welded 1-1/4" H.P. piping, the total
cooling surface being 100 sq. fte On the top of this
vessel is a gas collecting chamber 6 ft. 8 ins. long by 9 ins.
diameter; it is inclined to the condenser snd connected to

‘it at either end, To this header are connected two 2"
branches, one 4" branch and a pressure gauge (panel mounted) -
connection, One 2" branch has a 1/2" purge connection and

a 2" Cockburn type spring loaded pilot operated relief valve;
the second 2" branch has a 2" Cockburn relief valve and a 2"
blow off connection. The 4" branch has a 2" connection to
the purge gas scrubber, a 2" Cockburn relief valve and a 4"
connection to the Ammonia Oxidation plant (connection at top
of stripping still); this 4" line, in addition to an isolation
valve, is fitted with a katharometer almrm whose purpose is to
close a solenoid operated valve in the line at the Ammonia
Oxidaetion plant should any hydrogen be detected in the ammonisa
gas in this line,

The condenser itself is provided with an oil and
sludge drain line, a 1" ammonia inlet line - both at the bottom
of the vessel -~ a temperature point and two level gauges, one
the visual sight glass type and the other. of the automatic
panel mounted induction coil type.

(o) | The test pressure for this vessel is 450 lbs/sq.in.
hydo . )

The oil drain runs to the Purge Evaporator which is
a cylindrical vessel fabricated fram 1/2" plate 1 ft. 6 ins.
diameter by 3 ft. high. It is fitted with & 1" steam coil,
visual level gauge, relief valve, 3/4" drain and a 2" line to
the copper liquor preparation plant,

AMMONIA AND OIL JERRY:

This is a small cylindrical vessel into which are
blown the drainings from the four catchpots and the gland lesks
from the circulator, It is 20" in diameter by 30" high and
is of welded construction, It is fitted with a pressure
gauge, visual level gauge, drain, 1" steam coil (for evaporating
purposes), a relief valve and a blow off line running to the
purge scrubber.

LET DOWN SYSTEM:

Ammonia from the converter snd condenser catchpots
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i5 piped t0 the let down gection in tuo 5/8" dismeter lines
8t 350 ats. pressure. It ic let dovn in erch line through
two pecnel mounted valves in series, the first being 3/8" and
the cecond 5/8". A pressure gauge is inctolled for
indicoting the pressure betwecn these two voalves. The
anhydrous ammonia is let dovwn to approximately 20 ats. cnd
discharges into a common 5/8" line leading to the 20 ats.
let doun vessel.

This is 6 cylindricsl vessel 3 ft, dismeter by
8 £t.9 ins. long having o capacity of 1.5 LS. It is fusion
welded from 7/8" plete to Lloyds Rules for Closs 1 welded
pressure vcoselss It ig fitted with s visuol sight glaas
level gauge end o penel mounted induction coil type level
gouge; o low level alarm is also supplied.

Cos releosed during the letting dovn procescs is
further rcducéd in proocsure by passage through g ponel
controlled 1-1/4" let down valve and is piped through a 2¢
linc to the purge gas scrubber. In parallel with this
let dorn system is o 3/8" spring loaded gas release valve
vhich automatically releasses the pressure in the let dowm

vegssele Preogsure gauges before and after this system
indicaote the pressure of the vessel and thet of the moin to
the purge gas scrubber, An analysis point is also

provided in this line. = A 3" relief volve of the "Cockburn"
spring loaded pilot operated type is fitted end o purging
out connection is provided. '

Liguid Ammonia isg teken from the 20 ats. let down
veassel through a 41-1/4" line through tuo pancl mounted
control valves to & distribution header. One branch from
this header leads back to the ammaonis condenser through tuo
ponel mounted control valves, o small 3/8" expension valve tith
isolation volves on either side of it is provided in parallel
with the second of these valves for semi-automatic operation
under steady conditionse A second branch from this heoder
lecds to the armonia liquor storages Under normel
conditions the ammonia synthesised would be stored as
enhydrous ligquid in stock tenks under pressure, At the tine
of congtruction of thesc plonts the facilities were not
aveiloble for the manufacture of large storage tenks for this
preggure storage. An slternetive arraongement of storing
the product as o solution of 25§ armoniz liquor was adopted
as. ¢ temporary cxpedient until such time as the pressure
storage tenks were available. The ammonia is therefore let
dovn through two pencl mounted valveg, the first an isolation
valve, ond the second gn exponcion valve, ond the gasified
emaonia piped to the smmonia liquor storagee. A presgure
goeuge ig fitted imnediately after the expansion vaolve cnd a
barometric lcg witk gurge tank is provided to prevent liguor
being dravn back into the header. :

\

The storege tanks used are those at the Ammonia
Oxidation plant. The 2" line from the Amnonia Synthesio
Plent runs into 2 header cbove the stock tanks fram vhich
bronches leod to the threc: tonks. Bach of these brcnches
divides into three 4" lines which lead to the base of the
tanke A ghiclded jet is fitted to these distribution lines
to facilitate the dissolution of the armonia into the 1iguor.
The object of the cylindricel chield is to promote the circulo-
tion of the liguor and thus reduce vater harrier. Control
volves are provided for ecch of these lincs. ‘

Cag from the 20 ats let down vessel, the oil collect-
ing pot and (occosionally) from the smmoniz condenser is



scrubbed with weak smmonia liquor in the purge gas scrubber.
This is a 10" diameter x 26 ft. high M.S. tower of welded
construction. It contains 16 f£t. of random packed rings.
The gas enters the base of the tower through a 2" line and
discharges to atmosphere through a central exit of 3" diameter
in which is located an orifice plate for flow measurement.

The circulating scrubbing liguor enters the top
of the tower through a 41" line, is discharged over the
packing by a pot type distributor and leaves the base of the
scrubber through a 1=-1/2" line running to a-weak liquor
storage tark., This tank is 1 M3 cepacity, it is cylindrical
in shape,end is fabricated by welding from 3/8" plate,and is
3 £t diameter by°5 ft. long. It is fitted with a visual
level gauge, & temperature connection, a vent and overflow.
. Liquor flows from this tank through a 1" line (in which is
fitted 2 drain) into one of two weak ligquor pumps (one working,

one spare).

These pumps discharge into a 1" line, fitted with
an orifice plate, leading to the weak liquor cooler. This
cooler consists of 235 ft. of 3/4" dismeter M.S. pipe wound
in a spiral 3 ft. diameter. The coil is set into an
annular M.S. tank 3 ft. 2 in. outside diameter by 2 ft.10ins.
inside diameter by 5 ft. high, The tank is open at the top;
cooling water enters at the base and overflows at the top.

From the cooler a 1" line running to the purge gas
scrubber completes the circulation system; in this section of
the line a discharge branch is provided for bleeding off weck
‘liquor to the storage systems = To prevent excessive pressures
being formed in the scrubber a L ft. lute is provided at the
base of the scrubber.

: The operating level in the weak liquor storage is
set by the overflow pipe,and as this is coupled to the regen.
gas scrubber lute any meke up required is derived from this
source. ' .
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'Generai,

l*-is produce@ at 50% strength,:

- operating.

ATMOSPHERIC AMMONIA QXIDATION Pééﬂ 2

The plant as described, has a rated output of
3,000 tons per annum of nitric acid‘(ae 100% acid? which :

The emmcnia ccneumpticn for full plent output

' being 8.45 short tons per day. It is supplied as an aqueous ‘
~ solution’ at 25% strength. o , L .

Ammonia Liguor Sugplv and Handling.

© " Yhe’ Ammonia Liquor ie delivered to the site in :
rail tanks, capacity 8. tons, which are fitted with a spring
loaded relief valve which 11mits their internal pressure
to 25 1bs. square inch gauge.

An unloading station consisting of_one, 14" . .

‘~'in all'ircn centrifugal pump of capacity 8 M per: hour - at |
.80 ft. total head, driven by a.3 H.P 2880 revs. per minute
" motor is provided for unloading the tankere ‘and pumping

the liquid to storage through a 24" pipe line. A 2" line

. connecting the tanker to -the storage system. scrves as a vent,
.- Flexible hosgs are provided for connecting the liquor dand .
vent lines to the tanker. A 3" sampling cennection is' prov-

‘ided near. the tanker. T e o

There are . three 100 M3 etorege tanks each 20'

< dlameter and 12'6" .deep. They are mounted above ground
- in a mounded. compound? ‘The height of the mound being .
- gufficient 1o retain:the 1iquor of<one tank should a.

serious leak*deveIOp. Each tank has a depth pneumacator

- indicating on:the- control . panel, and. 18 fitted with a. dip

rod ae well for accurate meaeurements..

There are three main pipelines above the tanks s

. all 2" diameter, The feed and transfer line is for filling
_the tanks from the tankers and for transferring liquor from
one tank to another by means of the transfer pump which is

a 2" all-iron centrifugal capacity 24 M3 per hour at 223"
tctal head driven by a 2 H.P 1440 revolutions per minute '
motor. The vent line permanently connects the gas space’
of all tanks, and carries a double lute which blows at 12"
Ho0 positive pressure or -admits air at 3" H,0 negative

- pressure to protect the tanks, . The overflo% line is for

returning excess ligquor. from the head tank in the stripping:
column, and it normally runs full while the stripper is

A manometer (- 3" to 12" water gauge) reading

. on, the control panel is fitted to. indicate the gas pressure
in the stcrage tanks. \ L

' Two ‘pumps, one of which is: s,pereg are provided

- fer keeping the head tank full froth storage. They are_1"

two stage all-iron centrifugels with a capaci@y of 2 M3
per hour at 80' total head, driven by & 2 H¢P 2880 revs,

- per minute motor. The capacity of each oi these pamps * .
is greater than the" highest liquor rate réguired by the

stripper s6 that during the operation, the head tank is

constantly ewerflcwing.' This serves to maintain a constant
., feed to the stripping column. Indicator lights are mounted
‘1on theﬁgiant control panel to show pump stoppages. o

.
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Air Blowers.

Two blowers of the positive Roote~type are provided.
Both arec required for full plant output. They were supplied
by "Alldays and Onions" and are a low pressure Thwaites type
high spged machine. They have a volumetric displacement of
4,000 M” per hour at 750 revolutions per minute. The power
requirements are 6.4 H.P at 14" water gauge. The motor fitted
is a 10 H.P 1420 revolutions per minute squirrel cage machine
and the drive is through 5 B-section belts.

The blower inlet is fitted with 3 "Richardson” type
Ro. R6 viscous filters. The outlet is 10" bore. A combined
relief and blow-off control valve of the weighted mushroom
type is fitted to protect the blower against excessive load
and to control the air rate to the plant. Before the delivery
line enters the base of the stripping column, a 6" diameter
branch is tapped off for the secondary air supply.

Stripping Column.

' The stripping column consists of a 4.8 tower 4'
internal diameter by 56'9" high., It is lagged with 2"
. thickness of "Solomit", sheet metal covered for the first
28' from ground level. It is fitted with access manholes
above the liquor distributor and in the head tank. A safety
ladder is also provided. The colum is divided into four
main sections,

The top 6' is completely closed off to form the
head tank supplying ammonia liquor to the stripping section.
A 2" line from the bottom of the head tank runs through an
isolation valve to the control panel, on which are mounted
a needle control valve and a rotameter flow indicator. The
line then returns to the distributor in the stripping section.

The stripping section comprises the main portion of
the column. At the top of it, is a 2-tier perforated channel
distributor which distributes the liquor over the grid pack-
ing. The latter eonsists of .. 15'3" depth ofwooden grids
made from %" hardwood 2%" wide standing on edge, with 4"
spaces between. There are 145 layers cach at right angles )
to the one above. The packing rests on a steel grating \
7'3" above base level,

Immediately above the stripping section is another
steel grating carrying a 9'6" ‘depth of ccarsc coke packing
comprising the gas scrubbing section. In the 1'9" space
between the top of the.coke and the bottom of the head tank,
the main gas exit pipe 15" diameter is taken off. A temp-
erature point is also fitted in the gas space here, connected
to a Cambridge dial recorder (0-50°C-) on the control panel.

The space below the grid packing comprises the
fourth section of the colum. It is fitted with an effluent
outlet luted to maintain a depth of 3'6" of hot effluent in
the base of the column. The main air inlet from the blower
enters in the space between the effluent levels and the
grating carrying the grid packing. Two 13" inlets for live
steam are fitted, one entering the air space directly and
one dipping to the bottom of the &«fluent,
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Ammonia Air Gas System.

The 15" diameter gas exit drops vertically into a
catchpot to remove any further condensed moisture. The '
catchpot condensate is drained off through a luted line.

: From the catchpot the gas passes into a 15" diameter
header. A gas sampling point is fitted in this header just
before a 6" diameter vertical gas blow-off 12' high. This
blow-off is fitted with a flap valve at the top by which
blow=-off rates can be controlled while the plant is start-
ing ups A trip catéh is provided for the immediate release
of this blow=off should an emergency warrant its use, A
mgnometer connection and an orifice plate with a flowmeter
indicating on the control panel are in the header immediately
before the inlet valves distributing ges to the convertors,

Convertors,.

The fourteen convertors are arranged in two parallel
lines with the gas inlet header placed centrally above and
the gas exit header ccentrally below them. The convertors
are supported on brick piers with their long axes horizontal
4'9" above ground level, and are spaced to give casy access

between them. Stainless steel (18/8/1/4 type) is used

‘throughout in their construction,

The cold emmonia air mix leaves the top header through
stainless steel mushroom valves which are fitted with a lever
enabling them to be operated from the front of the convertor.
The inlet branch is 4" diameter. The mixed gas passes immed-
iately into a horizontal tubular interchanger 3' long by 1'4"
diameter consisting of 19 tubes each 21" diameter and 1/16"
wall thickness giving 37 square feet interchange surface. The
casing and tube plates are also of this thickness.,. The heated
gas leaves the interchanger ty a 5" diameter 16 gauge stainless
steel branch which carries a 60 mesh stainless steel conical
straining screen. This outlet pipe is also fitted with a
themo couple pocket, The preheated gas line discharges into
a cast stainless steel chamber in which the frame carrying
the platinum gauzes, is mounted in the centre. Two inspect=-
ion holes 2" diameter are provided and are so arranged that
both s8ides of the gauzes can be viewed. Pyrex glass is used
for these inspection windows. A themo couple pocket is fitted
to the dowvnstream side of the gauze. The Chromel-Alumel themo
couples used in the two temperature points of each convertor
are coupled to two "Siemens 18 point indicators mounted on
the control panel.

The gauze holder consists of two cast stainless steel
square frames screwed together, between which the square gauzes
arc clamped in asbestos millboard packing. Support for the
gauze is provided in the form of nichrome wire 3" mesh, which
in turn is supported by 5 horizontal fused silica rods "
diameter. .

The gauze pad consists of four layers of 0.003" woven

~ wire into 80 mesh, the upstream gauze is 907% platinum, 105

rhodium and remaining three are pure platinum. They are 13"
square with an effective area of 144 square inches. The total
gauge weight is approximately 250 grams. .
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The downstream end of the gauze chamber is bolted to the
interchanger. The hot gases after conversion pass through
the interchanger tubes and out by measns of a conical connect-
ion through the mushroom exhaust valves to the hot gas header.
The exhaust valves are of stainless steel and are similarly
controlled by a lever system from the front of the convertor.

Exit Gas Header.

The hot gas header collecting the converted gas from
the fourteen convertors is of 16 gauge stainless steel. It
is tapered from 15" diaemeter at the inlet end to 23" diameter
at the last convertor. An angle iron framework anchors it
securely at the centre allowing eéxpansion in either direction,

" The outlet end of the header is fitted with a temper-
ature pocket, a manometer point, a luted drain and a sample
point. - :

The secondary air inlet is situated at the inlet end
of the hot gas header and adjustment of the secondary air

rate is made by the means of a calibrated slide valve,

Hot Gas Main. ‘ o8

- The hot gas main which is a continuation of the hot
gas header is fabricated from 16 gauge stainless steel and
is 23" diameter. It rises vertically from the hot gas header
to a height of 15' and runs on wooden supports at a downwerd
slope of approximately 1 ¢ L4LO to the oxidiser cooler. The
total length of this main is 235°.

Gases enter the main at approximately 500°C and dis-
charges to the oxidiser cooler at approximastely 150°C. The
space velocity in this section is 180 hours -1 at full plant
rates.

A temperature point is fittéd.at the outlet of the
hot gas main, .

Oxidiser Cooler,

This cooler which is fabricated by wielding from 16
gauge stainless steel consists of a number of hairpin bends
over which cooling water is cascaded.

Gas from the hot gas main enters a 23" diameter
header at the base of the oxidiser cooler. This header
which 1s 14'6" long is fitted with a 13" luted drain which
carries the condensate formed in the cooler to No. 5 circulat-
ion tank in the acid circulation system. A sampling point
is also provided in this header.

Six 113" diameter tubes each 210' long, branch off
from the hesder and rise in four parallel horizontel hairpins
to a second horizontal header similar to the inlet header.
From one end of this a 30" dismeter serpentine cooler rises
in staggered coils. This cooler containing a total pipe
length of 900' discharges into a 30" main carrying the gas
to No. 1 gbsorption tower.
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’ A thermometer pocket is fitted to the gas main before
entry to the absorption system.

The stainless steel cooler system is mounted on a
hardwood structure built over a collecting pond. (jooden
leunders above the main 30" pipes and also above the 113"
pipes serve to distribute a film of water over the outside
surface of these coils. Connecting slats collect the water
from one coil and transfer it to the coil immediately below.

The total volume of the condenser coolers is 5,500
Cubic feet and at full plant rate thejgpace velocity of the
gas passing through them is 23 hours.

Absorption Towers

‘There are ten absorption towers ; five being operated
by counter current serubbing and five by co-current serubbing.
Each tower is 12'6" square and 42°' high internal dimensions
end they are built into one structure of two rows of five
.tgwggssgaving an overall length of 69'6" and an overall width
0 -

The towers s8it on an 11" reinforced concrete slab
mounted on brick piers 9' above ground level.

The towers are built in acid resisting bricks from
Illawarra and Newbold . The acid resisting cement used in
the construction was made by mixing silica flour (200 mesh)
silica sand (80 mesh) and sodium silica fluoride powder in
- the ratios of 20 ¢ 10 : 1 by weight., 60° TW sodium silicate
was used to give a mix of suitable consistancy.

Four courses of brick, the first three laid on their
flat and the fourth laid on edge, form the base of the towers.
The first three courses have vertical joints of R85/40 mexphalte
" and horizontal Jjoints of acid resisting cement. The fourth
course is jolnted throughout with scid resisting cement. The
bricks in these four eourses and also those in the external
walls of the towers were coated with 30° W sodium silicate.

Outside walls are 24" thick for the first 2'9" and
14" thick thereafter. A vertical membrane 1" thick of R85/40
Mexphalte is built into the thick section of these walls 9"
from the outside face s 1t connects with the similar jointing
in the floor,.

The transverse internal walls (four in all) are 23"
thick for the first 2'9" and 14" thick thereafter. The long-
itudinal internal wall is 1u" thick throughout.

The flow of.gas which is downwards in No. 1 tower ,
alternates with each succeeding tower till the exhaust gas
finally passes out of the top of No. 10 tower. Transmission
of gas from one tower to the next is made through ports in
the internal walls.

All towers are packed with glazed acid resisting
earthenware Raschig rings 4" long, 4" external diameter ’
end %" wall thickness.
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The packing is stacked to a height of 29' and 6" of "random"
packed rings are placed on top. The rings sit upon acid resist-
ing bricks stacked in open formation to facilitate gas passage
to a height of 3'. The total height of the supporting brick-
work and the ring packing is such that a space of 4' is left

‘at the top of each tower. Over 1,400,000 rings are required

for the ten towers.

A 10 gauge stainless steel 1id acts as a closure
for the tower tops. A manhole is provided in these 1lids which
are sealed at the edges with acid resisting putty made from
African blue asbestos. Manometers are provided at the first

and.last towers.

A stainless steel gutter runs round the base of the
towers to catch any seepage that may occur ; this is fed back
into No. 7 tank of the acid circulation system.

The exhaust gas from No., 10 tower enters a .stainless
steel exhaust fan mangfactured by Richardsons. This unit has
a capacity of 5,000 M per hour against a static head of 6"
water gauge. Operating rate is adjusted by means of a damper
slide on the discharge side. The fan is driven by a 7.5 H.P
1460 revolutions per minute T.E motor through L V-belts.

The fan discharges into a stainless steel column
6' high which is random packed with 13" earthenware rings to
a height of 3'6". This column acts as a spray arrestor.

A sampling point is provided at the inlet to the
discharge fan. ’

Acid Circulntion System.

Each absorption tower has its own acid circulation
system, with the exception of towers 7 and 8 which have a common
system. ,

Circulating capacity for these systems are provided
by nine tanks 6' diaemeter by 6' high of welded construction
from 16 gauge stainless steel. Conical covers are welded
on to the tanks and msnholes (18" diam.) are fitted to the
covers. Acid circulation pumps connected to. the tanks by 3"
diameter stainless steel suction lines,deliver through 4"
diameter stainless steel pipes to the tops of the tnwers.

The pumps are 2/3 Thompson B.G direct coupled units running
at 1440 revolutions per minute and griven by 7.5 H.P totally
enclosed motors, They deliver 30 M” per hour against a total
head of 55' when operating on a liquid with specific gravity
182, '

+ " Coolers are provided on systems 1-6 ; these are
located after the pumps and consist of horizontal banks of
L" pipes 24' long containing 21 runs in three six length
banks and one three length bank. Themometer pockets are
fitted to lines after all pumps and all coolers. Cooling
water is fed into launders above the coolers and cascades
down over the pipes to a' catchment pond below.

The circulation lines enter the top of the towers smd |
discharges into a distributor box formed from an 18" length of
6" stainless pipe. This box has a 1" bottom oatlet and several
" diameter holes in the sides ; four 14" diameter pilpes
radiate towards the tower corners from the box and discharge
downwards on to flat tiles packed up 6" above the packing rings
at a point midway between the corner and the box. The object
of this system is to ensure uniform acid distribution. The
line to towers 7 and 8 bifurcates at the top of the towers and
feeds to both units,

>
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From the bottom of the towers, a 4" stainless steel

. line drains the acid back to the tanks. Adjacent tanks are
connected by 4" connecting pipes 18" from the bottom . "The
level of the tanks is so arranged that acid tends to flow slow-
ly from tank 10 . to tank 1 gaining in strength at each step.

A surge tank (12' diameter by 3' high) is connected to tank

No. 10 at 2'6" from the base. The object of this tanks is

to handle excess acid during power failures. It normally

runs empty. :

Watér is fed in from a ébnstant head tank ﬁhfough
a needle valve and a notch metre into No. 10 tank. Acid at

approximately 50-54% strength is bled off from No. 1 circ-
ulation system through a notch metre into one-of two acid
storage tanks 13' diasmeter and 6' high, These tanks are of
welded construction from 16 gauge stainless steel and are fitted
with conical covers. They each have a capacity of 30 tons of
50% nitric acid. . - ’

Two delivery pumps are connected to each tank by 2"
syphon lines and are installed for exporting the make, These
units_are 1" Thompson B.GL stainless steel pumps capacity
1.5 M3 per hour against 4O' total head with liquid of 1.2
specific gravity. They are direct coupled to a 1 H.P 1440

revolutions per minute totally enclosed motor,

The acid circulation and storage tanks are all
connected at the apex of their conical covers to a common
fume line which feeds into No. 7 tower. The slight suction
under which this tower normally operates is sufficient to
extract the fumes from these tanks.
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SERVICES ~ NITROGEN PLANT

INTRODUCTION

It is necessary to have a supply of inert
pas aveilable for use in purging out vessels and pipe 1ines

.4n order that explosive mixtures of air and process gas will

not be formed when bringing units on or off line, This gas

is also used for keeping catalysts in an inert stmosphere Guring
the changing period as they are pyrophoric after use,

This purge gas is obtained by the controlled
burning-of a combustible gas < normally catalysed gas drsawn
from the catalysed gas holder; seni-water gas may be used
but this has the disadvantage of contsining sulphur compounds
which are undesirable in purge gas when used for certain
purnoses,

BUIPLNT
Gas IMlow

Catalysed or semi-water gas enters the burner via
a 2~inch M.3. line in tvhich is fitted an orifiice plate. From
the burner the hot products of combustion pass directly to a
water scrubbing tower and then to a caustic scrubbing tower
to remove COg. The purge gas is drawn from the top of the
scrubber by means of a centrifugal gae blower and is discharged
into a small gasholder; an orifice plate is fitted in this
line for plant control. Gas may be discharged directly from
the holder into the purge gas reticulation system or it may be
boosted in pressure by a two stage reciprocating gas compressor
for use on occasions when higher rates are required. The
reticulation system takes purge gas to a series of key points
in the ammonia building, the tower structurec and the oxide
boxes, All gas 1lines in the nitrogen. plant and the reticulation
system are 2 inches diameter. _

Burner and Gas Cooler
These two units are built integral with one amother.

The burner consists of a horizontel cylindrical tube
12 inches dismeter by 10 feet long. It is fitted with an
open trouch water jacket and has a jet type burner with
attendant controllable air ports at one end. The other end
opens directly into the base of the cooling tower,

The cooler isa 2 feet dlameter by 14 feet high tower
which is luted into a water seal at the base. The tower is
fitted with a supporting grid carrying 12 feet of 1i-inch
x 1%~inch x 16 v...G. H.S. rings random packed. A perforated .
plate type distributor conveys the cooling water on to the

packing,

Caustic Scrubber

This is a H.S. tower 1 foot 9 inches diameter by
8 feet hizh carrying 6 feet of l-inch x l-inch x 16 8,V.G,
random packed rings. A small centrifugel pump - 2 MNS/hour
capacity -~ circulates a sodium hydroxide solution over this
tower from one of-two cylindrical tanks 3 feet diameter by
3 feet high, used for preparing and storing the solution.

Nitrogen Blower

This is a centrifugal single stage machine of
60 M3/hour capacity at 35 milliates boost.,
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: ‘Nitroggn Holder

,-'ev'e

= This is a vertical lift roller guided, water sealed
holder of 50 M® cepacity. It is housed in a concrete tank
built below ground level, - S '

Nitrogen Comnreseor

his is a two etage reciprecating compressor supplied

by Ingersoll-Rand. It has a capacity of 50 MS/hour at 100
B lbs/sq. énch delivery pressure and has a built in receiver

capacity. S -

*SERVICES - STEAM

LN

N

The steam required for the plants is sunplied

‘from an external boller station. It is reticulated. to the-

gection at 120 1bs/sq. inch gauge in a saturated condition, -

The steam used on the ammonia oxidation unit

is reduced to 40-lbs/sqm,inch beforé use on the plant.. .
Steam required fbr the Ammonia and Methanol

Zl'plants is used at fully supply pressure, except for the
,_methanol stills where lu is reduced to 15 1lbs/sq. inch,

: . AEetmnateﬂ usages on verious sections are
listed below: e C g - . .

Consumption

Section S DT Tonnes/hour
Gas Plant R 1
< ~O0xide Boxes . : _ - 0,05 - .
Hg Plant S -1 o
Régeneration Tower : : 0.15 -
Ammonia Storage : ' ' 0.1
Methanol Stills _ 0.7

Ammonia Oxidation . - - 0456 -,

'SERVICES - ELECTRICAL -

. _ynthetic Ammonia and Methanol Section

A 646 kv 3-phase overhead feeder running from
the main district substation enters the factory substation. .
which is situated alongside the ammonia building. - Four sets
of leads are tapped off the main feeder, each set runs through
isolating links and carbon tetrachloride immersed fuses to
four transformers. The first pair are 1250 kKVA units stepping
the pressure down to 415 velts, - The outlets lead through
individual isoldting links and oil circuit breskers to the
415 volt bus bars. The second pair of transformers have a
capacity of 1,000 XVA and reduce the pressure to 2.2 kV;
the outlets of eaech of these units-is fitted with isolating
1inks and lead via 0.15 sq. inch 3C PILCSWA cable to the 910 h.p.

'oil circumt breaker ana thence via similen cable to the motor.

ke e
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7he cleetrical load is ocuch that one 1,250 VA
and one 1,000 KVA transioisacr can be icolated and naintoined
as gpare unito.

Four fecders {rom the 4156 v bus systcm lead through
individual isolating links to four 0.C.:.'S. The iirst 0.C.B.
feeds the distribution pancl for the amronia building via :
Q - 0,250 sq. inch 4-corc PILCS.A cable. The seccond 0.C.B.
feeds the distribution pancl for the tover siruvcture via
2 - 0.25 53, inch <4-core PILCS.A cable, The third ¢.C.3.
fceds the 240 hep. notor for the ClUg removal plant throuch a
0.250 sq. inch 3-core PIICSUA cable, The tourth ¢,.C,:. feedo
the gos plant distribution board through a 0.250 sq. inch
4-core cablc of the pane type. N

The amaonia bullding distribution ponel is fitted

- with & - 200 anp, 2 - 100 amp and 1 - 30 amp, 8 -~ 10 amp
toppings £itted with appropriate Tuses, olpo "ilip-on”
conncetions for cingle phase lighting, povuer and instruncnts
reguirements., A 3-phase 7/.004 V.I.R. cablc ruas iroa a panel
nounted 60-amp switch fuse on the amaonia synthesis panel to
the nethancl distillation pancl which contains 1 -« S0 amp,

4 - 20 amp, 3 - 10 amp 3-phase circuits and "flin-on” .
connections for singlc phase lighting, power and instruicnt
requirenents,

The tower structure disctribution board contains
4 « 200 ampy, 1 - 60 ampy, 1 -~ &0 o, 2 - 80 anp end 12 - 10
anp eircuits, topether with lichting ond powver outlets, (ne
200 amp circuit runs via a swvitch-fusce through a 250 sg. inch
4 C PILCSUA cablce to the nitrogen plant board. The 60 amm
circuit leads through a switch fusc and 7/.064 4C V.1.2. cable
to thoe tover structurc subdlstribution board. “he nltrogen
plant board contoins 1 - 150 eap, 1 - 30 cop, S - 20 amm,
3 - 5 anp and lighting ond pover circuiltas, The 150 amp ecircuit,
which containg a pancl mounted iuse, runs vip a 0.15 sqg. inch
4C PIICSUA cablc to the pump house board vhich contoaing & - 12U
amp, 6 - 30 anp and lighting circults, The tover structure
sub-board contains 1 - 30 anp, £ - 20 anp and 6~10 cmp circults, ‘

The gas plant distribution board contoins 2 - 150 amp,
5 - 60 smo, 1 - 30 amp, S - £0 agp, 3 - 10 awp, 6 - 5 amm and
and single phasc circuits for lichting. One of the <0 aam
circuits runs via a 7/,064 4C V.I.). cable to the cooling
touer board vhich contains ¢ - 10 amp and lighting circuitc.

The transformers are mounted on a concrcic roft
inside a fenced enclosure. Bus bars run fron the L.7. cide
of the 1,250 kVA transformers to the 0.C.B.'s which arc housed
in a brick pcent housc built alongside the armonia building.
The seven 0,C.B.'s are all panel mounted and built so' that the
controls facc into the srraonia building, the panels being
built integral with the aomonila building wvall.

The distribution cubicles arc of sheet metal
weatherproof construction; cach contains a pancl of 3/4"
"zelenite™ on thich are mountcd the porceclain fuses of the
totally encloscd type.

An cmergency lighting system is installed in the
armaonia building. It consists of twelve 40 watt lanmps
mounted at suitable points in the building, These lamps
arc powercd by a bank of storage batteries,a rclay operated
switch wired into the normal 4C supply ensures that the
emergency lighting oystem will operate in the event of a
pover fallure. A small charger is installed for mainteining
thc batteries in good condition.

N\
~
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- Ammonias OX tion Sectiom , g
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T~ . " R
\§‘"‘¢;is section, ‘which consumes only 415 V power, =,
is supnlied)from a separate substation. One cubicle only - ]
- this is the sheet metal, weatherproof type
and is loc ted adjacent to the absorption towers. It - -

- contains cutlets for 14 - 30 amp, 2 - 30 -amp and 8 - 10 amp
circuits, togotper with 1ighting and powor singlo phase

connections.;

Reticulation is?by V.I.R. cable run in black .
water\piping,for all underground and overhead work. -

Tof

- . SERVICES - COOLING WATER =~ -

' Owing to. the 1arge quantities of cooling Water
required in various sections of the plant it is économical to

| - provide facilities for-cooling the hot used water and re-

turning it to the process for further use..

‘Three separote systems are installoa.. The-
main cooling water system serves the ammonia plant with the :
exception of the gas unit. - Due to the contamination of - =
cooling vwater with tarry matter and coke breeze on the gis *'f?

. plant this unit has its own separate cooling watér system. -~  “d.
- . The cooling water at the swmonia oxidation plant is liable : *ﬁ@
to become contaminated with acid if leaks occur; a separate o
. system is therefore used for this unit te avoid damage to o

ammonia plant equipment. All three systems are similarly
arranged. The hot return water flows by gravity into a

. comparatively small well; it is picked up froem this well
by the hot water pump and discharged into distributing louvrco

at the top of a cooling tower;  leaving the base of the
cooling tower it falls into a cold well vhich is of sufficient

- -capacity to supply plant requircments for a considerable

pericd, i.e. 6—-8 hours, with the losses usually sustained

~under normel working cenditions, A cold water pump drays water

from thée cold well and discharges it into the cooling water
supply system. A third pump is connected to the system in .
sueh a way that it can be used as a cormon spare for oithor e

- the hot or cold water pumps. ‘

-;bAmmonia Plant Cooling Towor

ThLS'io of the induced draught typem ' ”ho shell
comsists of two layers of‘Murroy Pine tongued and . groovod

- boards with Malthoid sealing between; it is 44 feet long *

by 11 feet widé by 21 fest overall height., The shell is
diviaod by throe partitions to givo 4 sﬁnilar compartmonto.

, Ewch compartment is packed with 8 foot of . sorroted
timber grid adking 1441nches by 0 19 inches thick by 2 inches
i iam - :

dstr
] spray‘orresmoro’oonor ng
inch by f-inch. planks at 5<i .
-vertical are located dbove ﬁhe wators
ihc togiof each gecetion is taoered in to

f.car H.a 48—mnch sxisl ‘Flow fen running at 780 r.p.m. and

having 4. capacity of. ,@5@00 cu. feet/minute at 0:375 inch
0 static head. Theoe fans are each driven by a 10 h.p.
1 Q r.p.m. totally enclosed motoer by'v-belt drives.v‘
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The tower is located over the cold well vhich i1s
47 feet long by 14 feet wide by 8 feet deep heving a
storage capacity of 150 M9, .

The_tower 1is designed to handle a maximum water
rate ot 250 IS/hour at & return temperature of 37°C, under
the {ollowing atmospheric conditions:

Dry Bulb 25°C. (77°F.)
Humidity 75% e
\iet Bulb 0200. (71+50F,)

he desien conditions stipulatea that the maximum vater

temperature of the water leaving the tower be 27°C,
The following details relate to the packing used:
‘Free Space A 90.6%

Superiicial Area = 10.4 feet®/feetd
Periphery/feet? cross section = -144 inches
Ilaximum Ratio Alr/ﬂater Rate = 1,590. -

The use of this type. of packing which is capable
of a high loading results in a tower of relatively small
dimensions, an important factor where large volumes of
water have to be hqndled hourly. The designed water

loading is 0.5 B /houn/sq. foot cross sectional area.

The pumpe installed were supplied by Thompsons

of Castlemaine and are a stardard 6" - 7" G,ll. machine
running at 1450 r.p.m. They arc direct coupled to 60 h.p.
totally enclosed, scuirrel cage notors supplied by A.G.L. Ltd.

Aroniag Oxidation Cooling Tover

Thies is similar in construction to the Arwionia
Cooling Tover. It is smaller, having only two sections
each 10 feet square. Other detalls sre identical.

The cold well is directly connected to the ponds
under the oxidiser cooler and the acid circulatéon coolers,
the total water capacity is approximately 200 ¥

‘ The water circulation guips are 80 113/hour capacity
giving a tover loading of 0.40 M /sq. foot/hour.

Gas Plant Cooling Tower

This is a eross draught type of tower. It is 24
feet high by 9 feet 6 inches square. The packed height is
20 feet and the packing consists of 13 sets of arrestors
" spaced at 20" crs. [RFach arrestor consists of two. staggered
sets of 3"x 1" planks nailed at 5. inch crs. to either side
of a 4"x 2" bearer; the stagg ering ensurcs that descending
water does not bypass an arrestor. The tower is louvred on
all sides by 12"x 1" clats set at 45° on 10 inch ers. ater
distribution is achieved by 16 -~ ;; inch nozzles cquaily snaced
and set in 4 troughs. The water discharging from the nozcles
impinges onto porcelain splash plates.

The designed water load on tho tower is 0.2 ﬁ?si.ft./hr.

This type of tower is particularly cuitablc for the )
gas plant cooling vater system where a closc approach to the wet
bulb temperature is not reqguired. It is rcliatively cheap to
construct and with.designed louvres the water loss due to spray
formation is low.



-7 -

DADITEIIAIICS CREAIISATT O AID TECIHITIOUR

SR ODUCT L0

The caticfactory operation of the plants discusced
largely dcponds upon the efficiency of tho organicntion for tho
maintenance work to be donc. In continuous proccsscs of this
nature, vherc a number of single units arc interdcependcnt, the
period betwecon shutdorna is controlled by the reliobility of all
the unito, Even in ctages vherc spare couimment is provided
there may not be time to bring the sceond unit on line without
shutting dowvn the vholc plant., As the time required to bring
the plant on and off line is approximately eight hours for even
the shortest maintcnance job, it is cssential to rcducc the nuiber
of shutdovns to 2 minimunm.

The first consideration in tho carrying out of any vork
is the safcty of the maintcnance tcam and the operatives vho will
subscquently control thc plant, On account of the proccnce of
many courccs of danger -~ toxic and asphyxiating gases, combustible
gas, gas and liquids at high pressures and corrosive liguido -

thore is need for exercising great carc not only in handing jebs
over *o tho maintenance scetion but also receiving the finished
jovbs from maintecnancc. For thio reason a definltc routine io
followed for handing over of work and a clearance certificate is
issued to the tradcsman carrying out any maintenance Jjob. Thioc
clearance is cancelled on the completion of the wvork and vhen the
cquipment concerned is handed back to the nrocess operators.

In addition to the protcction arfforded by the clearance
certificate system there are safety rulcs both gencral and sectional
thich are inportant necessities to ensure the safety of the
enginecring otaff. \

The routine loid down in these rules may often apncar
unneeessarily claborate for small jobs, but it is only by careful
attention to thom that acecidents, espeeclally lost tinme accildents,
con be kept doun to a satisfactorily low level.



CLEARANCE CERTIFICATE SYSTEI

Introduction

In plants such as Synthetic Ammonia and liethanol plants
a system of Clearance Certificates iror maintenance work has been
found to be particularly effective as a means of reducing
accidents. Due to the corrosive nature of the substances handled

the maintenance work comprises & high proportion of the total work
earried out. In order to ‘avoid any uncertainty as to who is in
charge of sections of plant while this maintenance 1s being done
it is essential to have a definite handing over of the appropriate
plant by the process staff to the malntenance staff for all jobs
which affect or are affected by the process operations.

Clearance certificates are used for this purpose; sa
separate certificate is issued for each job and is cancelled on
completion of the work when the plant or equipment is handed back
to process control.

This system has been found so effective on Synthetic
Ammonia and Ammonia Oxidation plants that it hes recently been
enlarged to cover all I.C.I.A.N.Z. requirements and has been
installed in all their factories,

Its primary object 1s to increase the safety of workers;
it also reduces waste due to damage to plant end property and
lost production time in accidents.

There are three types of clearance certificates. They
are:

1) Standard  (White job copy)
2; Closed Vessel (Blue job copy)
3 Restricted Area (Yellow job copy).

Samples of the job copies of each type are included in this thesis
and their respective uses are described below.

Standard ClearanceVCertlficates

The S5tandard Clearance Certificate is the type most
commonly used as it 1s applicable to 811l jobs except the com-
paratively small number requiring one of the four special
certificates,

Before any part of a plant is handed over for adjustment,
repair, alteration, etc., a responsible person of the process staff,
at least a foreman, must first put the plant in as safe a conditim
as possible, The same person must then make out a Standard
Clearance Certificate describing the job to be done, the condition
of the plant and the special precautions (if any) necessary to
ensure safety in carrying out the Job. It is this person's
responsibility to see that the certificate is correct and that all
possible dangers have been anticipated and provided for in the
precautions described.

The person filling in the certificate signs it and hands
-1t to the person teking over; normally the tradesman carrying

out the job, who must read it and sign it to indicate that he
understands both the job and the safety precautions required.

He carries the certificate with him on the job and it forms his
authority for working on the plant,

Immediately the job is finished the process representatiw
examines the work and, if satisfactory, the certificate is signed
off by both persons at the ssme time.
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ICIANZ Safety Council Standard Form No. 3 . .JOB COPY N(_) 3000

Factory Title to be specified when re-ordering.

IMPERIAL CHEMICAL INDUSTRIES OF AUSTRA-LIA & NEW ZEALAND LIMITED

Synthetic Ammonia Section, Deer Park, Victoria

STANDARD CLEARANCE CERTIFICATE

Not to be used for work in Closed Vessels, Restricted Areas, or Danger Areas; Special Certificates are provided for these.

SECTION OF PLANT

DETAILS OF JOB: (More than one job may be specified provided no special precautions are required and no flame is to be used}

SPECIAL PRECAUTIONS:

It is hereby certified that the item of plant concerned IS / IS NOT isolated from every dangerous source of gas, liquid,.

and motive power. IF NOT, the special precautions detailed above must be taken.

Signed : ‘Date Time
Responsible person handing over

Signed Date. Time

Person taking over

REMARKS ON JOB DONE:

‘Signed... Date Time
Person handing back

The item of plant concerned has been examined and is now in satisfactory condition to be returned to service.

OTHER REMARKS :

Signed e Date Time

Responsible person taking back
Reid/5000/11/44
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ICIANZ Safety Council Standard Form No. 4 NO 1 9 6

Factory Title to be specified when re-orderin3. L4

JOB COPY - -

IMPERIAL CHEMICAL INDUSTRIES OF AUSTRALIA & NEW ZEALAND LIMITED

Synthetic Ammonia Section, Deer Park, Victoria

CLOSED VESSEL CLEARANCE CERTIFICATE

SECTION OF PLANT

CLOSED VESSEL CONCERNED

DETAILS OF JOB:

SPECIAL PRECAUTIONS:

It is hereby certified that:

(1) The vessel IS / IS NOT isolated from every dangerous source of gas, liquid, and motive power. IF NOT, the
special precautions detailed above must be taken in addition to those below.

(2) The air in the vessel IS / IS NOT free from toxic, asphyxiating, and inflammable gas.

Result of air test

Time of taking sample................o.ooooiine. Signed

(3) It IS / IS NOT necessary to wear Breathing Apparatus.

If so, the following must be worn

The person standing by will be

4) Itis / IS NOT necessary to wear Safety Belt and Lifeline.
If so, the person standing by will be

(5) The use of a naked flame or heated object IS / IS NOT permissible inside the vessel.

I so, the following Flame Equipment may be used

(6) The vessel is safe for entry to carry out the job described above provided the safety precautions detailed on this
certificate are fully observed. .

Signed i Date Time
Superintendent or Authorized Deputy

I have read this certificate and am fully aware of the precautions to be taken.

Signed Date Time

Person entering vessel

REMARKS ON JOB DONE:

Signed . ' Date Time
Person handing back

The item of plant concerned has been examined and is now in satisfactory condition to be returned to service.

OTHER REMARKS :

N

Signed oo Date.....o.oomee Time
Responsible person taking back
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ICIANZ Safety Council Standard Form No. 5

Factory Title to be specified when re-ordering. JOB COPY

IMPERIAL CHEMICAL INDUSTRIES OF AUSTRALIA & NEW ZEALAND LIMITED

Synthetic Ammonia Section, Deer Park, Victoria

'RESTRICTED AREA CLEARANCE CERTIFICATE

To be used only for work in the “Restricted Areas” defined in the Factory Rules.

SECTION OF PLANT ettt et s

BUILDING OR PLANT ITEM CONCERNED...... e,

DETAILS OF JOB:

SPECIAL PRECAUTIONS:

It is hereby certified that:
(1) The building or plant item described above IS / IS NOT isolated from every dangerous source of
i gas, liquid, and motive power. IF NOT, the special precautions detailed above must be taken.
{  (2) The building or plant item described above HAS / HAS NOT been cleaned and rendered free

from explosive and inflammable material.

TF SO, the person who carried out the CleANINg Was.........ccocoiiecirercenrinrenncneeniesmsonemsse et sresmsems s etessesesresees s sssons
(3) The use of a naked flame or heated object IS / IS NOT authorised.

- If so, the following Flame Equipment may be used

(4) The person authorised to proceed with the job is

(5) The building or plant item described above has been examined by me, and is in my opinion, in &
safe condition for the above job to be carried out INSIDE / OUTSIDE the Restricted Area
provided the special precautiond detailed above are fully observed. )

i e A o v T e k- b o A e -~ o e o . v s e o =~ st B o o o e = e - o= e s o - e . — w— n = et e 4w M e = e e im e e

Sigl;pr] Dﬂtﬁ : 'I‘ima
Superintendent or Authorized Deputy .

Signed Date.... Time

Person taking over

REMARKS ON JOB DONE:

Signed ' Date Time
Person handing back

The job described above has been examined by me and found satisfactorily completed.

Signed : Date Time

| ) ) Inspector

i N
,'_I‘h(:a building or plant item concerned has been examined by me, and is in my opinion in a clean and safe condition to
"+ be returned to service.

. OTHER REMARKS :

Signed IS ’ Date Time

Superintendent or Authorized Deputy

Reid/10 Bka/2/d5



Closed Vessel Clearance Ceprtificates

The Closed Vessel Clearance Certificate is used for sll
Jobs where any person is required to enter an enclosed vessel
or space which may be rendered dangerous by gases, liquids or
movement,

The procedure in the case of this certificate is similar
to that for a Standard Clearance with the additional restrictions
nemed on the form.

Restricted Area Clearance Certificates

The Restricted Aree Clearance Certificate is used for
all Jobs carried out in a defined "Restricted Areas", This is
an area where the fire hazard is higher than in normal working
places, A Superintendent normally makes out one of these
certificates.

The procedure in the case of this certificate is similar
to that for a Standard Certificate with the additional restrictions

named on the form.



GANERAL SAVETY RULES FOR ITADITTEHANCE

Entry into Closed Vesscls

The appropriate clearance certificate detalls the
steps to be token to ensure that all possible nrecautions have
been carricd out to render the Jjob sofe,

Isolation of Plant

1. Driving lochinery: there machines are driven by
electric motors the mwain swiicﬁea in the substation must be
opened, or the fuses withdravn and the starter tried., Altornatively

a notice may be hung over the starter instructing operators not
to operate the unit.

2., Prcosure and Dangerous Ligulds: Defore acssuning
that o particular scetion of plant is §rCe Irom [0S wnder Hroseurc,
1t is advisable to use every means of testing available, and aleso
prevent the subsequent development of pressure through on un=-
detectable lecak by having all blow-offe open. Particulorly vhen
dealing with high pressure 1t is a good vorking rule to asscunme
that any valve is leaking until it has been proved io de tight.
In many cases doublc isolation valves arc provided for such cases
and they should always be used if possible, If the job cannot
be made freo from danger vhilce the plant is running, the plant
must be closed down to do the job, if important, or the Jcb held
over until an cnforced shutdotm. The saric coneiderations apply
to jobs which are to be done on systems containing dangerous
liquids, c.g. caustic soda, and anhydrous ammonia, In the came
vay, if it should bec necessary to leave open for aeny time ends of
pipes which are connected to sources of gas under pressurs or
liquid, and only isolated by valves, 1t is advisable to add the
additional safeguard of a blenk of appropriatc strength. -

De Purgingf The nlant to be placced under naintenanec
may contain comous ¢ or toxic gas, Under these circumotonces,
the section must be purged with inert gas both before and after
the job, This purge gas is normally nitrogen containing acbout |
1855 COg from the nitrogen plant, but in certain ceses otcaon or
"plow” gas Lrom the generators nay be used,

“wo methods of purging may be usod:

(A) Sweeping through with nitrogen cither under holder
pressure or boooted by the compressor, taking care
that the plant is guept from cnd to end, and that
the pgoc sample aiter purging is teken at the exit.

(B) By putting up to pressure several times with the
nitrogen comprosueor and blowing dovm., In using
this method it is vell to rcalise that il a given volunme
of gas is used ior purging, it is nmorc eiiicicnt
to use it in several portions thanm in one portion,
€.£. it is botter to put the plant up to three
atiiospheres three times than ninc aftmospheres oncc,.

Normally a plant is consaldered purged vhen the
hydrogen is doun to 1,5, Should it bc¢ neceosary to cnter a
vessel after purging, 1t is then necessary to suecp out with air
until a test has been obtained vwhich shous 20 - 21, oxygen.

Vhon handing such plant back to the operativos
it nmust be pwrpged free from oxygen, sincc the o locive linits for
the goses in the process increasc rapidly vith pressure, rarging
is carried out as described above but the limit to be attanined
is a mexinum of 15} oxygen.



Slip-plating

There are many major maintenance jobs which require
absolute protection from the risk of gas, e.g. vworking in an
oxide box and extensive work on the lower stages of the 910 h.p.
compressor, In such cases all gas lines to the section must
be slip-plated. It is usually possible to arrange to slip-plate
a gas line vhen it is not under pressure, but if it is not
possible to arrange to do this the slip-plate can be put in
under gas pressure (max. 20-30 milliats), 1In such cases a
coupressed air mask must be used by the fitter and his mate,

It is not advisable to try to slip-plate a 9" to 12" main under
pressure, The same effect as slip-plating can be obtained at
the gas~holders by water sealing the inlet and outlet pipes at
the inlet and exit lutes which are provided ior this purpose.

Leaking Joints

One of the problems vhich often arise involves a leak
at a hiph pressure joint, The folloving set of recormendations

is based on an asscssment of the stresces developed in the joint
bolts. ,

1, 350 ats. joints not greater than &' 1.4, Small
leaks may be tightened by hand. On no account must joints be
hammered or "slogged" up whilst under pressure.

2. 350 ato Eoints ﬁgeater than 3" and not
greater o 3.4, These nmust not be
tightened unless pressure is reduced to 50 ats, Under ex~
ceptional circumstances (such as small leaks and obviously lcose
joints) the engineer may assume responsibility for giving

permission to tighten these joints under full pressure.

3. 200 ats joints: While under vyregsurc these
joints may only be tightened if obviously slack or if the lesk
is very small,at the discretion of the enginecr. On no account
may spanners be hamered or extended.

4, Steam Jjoints: llay be tightened by hand, but spanners
must not bs slogged.

Se Comprcessed Asbestos Fibre dJoints: Leaks
developing in suc% joints almost invariably bresk down the
Jointing material. They cannot be corrected by tightening of
the Jjoint bolts,



SRECTIONAL, SAFLTY RULES

Gas Generator

{Then o generator is due Ior moaintcnance, the Lymn
washer will be purged with blow gas beforce stecming down. It
is often possible to purge the Lymn washer with stcam, but in
cithcer case it should subsequently be swept through with air
after a slip~platc has been put inmediately before the gas
isolation valve, so that the seal box ean be drained, It is
well to rcmember that the blow gas used far purging is high in

toxie CO,

Fo entry is to be medc to the generator until the coke
has becn renoved, the bowl draincd and stcan put on tho stack,
After a satisfactory air test the generator may be entered.

Lymn Uashor and Seal Box

Spoecial conditions nust be observed for jobs on this
secction then the gencrator is alright (e.ge. changing a cooling
water control valve on the Lymn vasher or replacing a sight
glass on the seal box), If the job is a long one, the top gas
valve can be disconnected and closed after purging the Lyan
washer with blov gas. For a short job, a low air ratc with the
stack valve closocd will keop a positive prescure on the system
and prevent ingress of alr, In such a case a compressed air
mask puwot be worn,

Top Goas Valve

To clear this valve vait until the top of the gencorator
is reasonably hot (400°C.), purge thc Lyun washer and put the
generator on standby. Renove the botton plate earofully, being
carciul in case of a blow-back throush delayed ignition of tho
air admitted., The generator top i8 made hot to cnsurc ignition
of this air. Clean the valve quickly and roplacc the plate.

Gas Vashing Fans

The chance of a gas lecak at an isolation valve hore
is rather high and thc conseqguences serious both from the risk
of a gassing accident in the building and from the risk of firc,
The fan chould thereiore be slin-plated beforce going to maintenance.
This will involve tcmporarily chutting down the section of plant
and blowing the pressurc off the main betveen the raw gas-holder
and the oxide bozxes.

Oxide Box

To be purged with nitrogon, double isolation valves
closcd and intermediate blov-off opened, and slip-plated if the
boxX io to be emptied, :

Hydrogen Plant

IC the plant is to be opened up, it must Lirct be
cooled dotm. Thig ic done either by steaming dovn to a
terperature of 250°C. (not below the saturation tcnperaturc
of the stcam) and/or cooling off by pascsing gas through the
catoalyst until the temperature is down to 50YC. Pinally it
is purgod with nitrogen and clip-plated.

Comprossor.

Ilajor mointenance to the first thrce stapges involves
purging wvith nitrogen and slip-plating both the suction linc (on
the dowmsircam slde of the isolation valve), and thc gland leak
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line. If it is not possible to slip-plate on the downstream side
of the suction valve, the hydrogen plant may be isolated to do
the job, but the inlet valve should be cracked occasionally to
keep a positive pressure on the set. In purging the cowmpresscor
with nitrogen it should be barred round with the bypasses closcd,
until a test on the third stage at least shows no combustible gas,

On completion of the job, the machine should be purged
once again and the precaution taken of running to atmospherc with

all the bypasses closed for a couplc of minutes,

CO and Cogfaemoval Tovwers

Before blowing the pressure oif the towers, the liquor
must be blown out of the tower completely. This is best done
at a reduced pressure (50 ats and 40 1bs./sq. inch respectively).
If the tower is to be opened up it must be purged. then
removing packing from the CO removal tower, it is essential that
all workers wear goggles on account of the risk of copper liquor
splashing from the ground.

Regeneration Tower

This is most easily purged with steam. It should be
slip-plated from the Hydrogen Plent,

Convertor

If the convertor is to be opened up the catalyst, due
to its pyrophoric nature, must be cooled down to less than 50°C.
This also serves to reduce the ammonia content of the gas if
the cooling off is done in the proper manner by neans of the
circulator. Before opening 1t, the convertor must be purged
out with COo free nitrogen, and while it is open, it must slways
be under ni%rogen holder pressure to prevent access of air to
the catalyst. It 1s important that the gas in such circunstances
passes over the catalyst, Therefore, if the top cover is to be
removed, the nitrogen connection must be made at the exit of the
convertor. If the bottom cover is to come off, put nitrogen on
to the direct bypass line,

Changing Anmonia Catalyst

(a) Removael: This necessitates 1ifting the top cover
of the convertor. 1t is important that a slow stream of nitrogen
be kept passing up through the convertor until all the catalyst
has been removed,

(v) Recharging: An atmosphere of nitrogen is not
necessary during recharging of catalyst, For Austrglihn convertors
the total weight of catalyst should be approx. 1,500 1lbs; the
exact weight must be carefully determined.

The vholc operation of rcmoval and recharging
takes epproximately seven hours,

20 ats Let Down Vessel

This can be emptied of liguid cmmonia by raising the
pressure with gas from the synthesis system and blowing down all
liquid to stock tanks. During this operation carc must be taken
not to 1lift the relief valves on these tanks

Ammonia Stock Tank Level Gauges

It is essential to empty a tank as far as possible and
then allow the pressurc to fall to atmospheric by blowing off, beiore
endeavouring to remove a gauge for cleaning. then emptying these
tanks it is inmportant to disconnect the steam lincs and to dry out
the heating coil by blowing air through it. If wvater is lceit 4in
this coil therc is a risk of it freezing and shattering thc line,
due to cvaporation of liqguid esmmonia from the suriace oi the exposed

colls.
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CATHTLIAICE WROCKDURE

General

In ordeor to keep the plant on line Lor as long ao
possible and to reduce the nuaber of unpremedlated shutdotno
to a mininum, the planning of malntcnance is based upon the
folloving principles:

i. All nachinery which 1o in duplicatc chould be
kent pormnaoncently in good order,

2. i'achinery thich is not in duplicate will, of courso,
be mointeincd as {ound neceosary but 1in addition ccrtain
oporations should be performed at regular intervals,

S, 7hore should be an cnnval chutdown durlng chich all

the machinery in category 2 is thoroughly overhauled.

Flant which is in dunlicate should not nced to be
touched during the annual shutdown. This is important, as tho
amount ox uvnduplicatcd plant is large and provides all the uork
which it is possiblc to do im the time allocated to this shutdoun,
nornally ton doays.

In order to comply with this systen a log io kept of
changeover of plant and alse the running hours of the largoer
machines,

Gas Plant

As the vhole of this plant is in duplicatc it is thus
not affected by the amnual shutdown. In line with other parts
of the plant {or thich spares are installed, this scction has
the running plant shut down and the spare plant started at
regular intervals,

As scon as possible after the changeover, the idle plant
is cXamined ond all defects vhich arc liable to cause trouble are
rectified. The plant is thus left in a condition to start at
the shortest noticc should uncxpeected troublc develop in the
running unit.

The changeover intervals for this scction arc as follous:

Generators «.eceeeea...CVEPry 0ix mionths

Alr FanB cevcoeaseo.n.Weekly

Gos oohing fans.......wcekly

Circulating Pums......tvo weeks on and one
week off.

Cencrators: Uhen a generator ic changed ovor the
following polnts arc cxamined:

1. State of generator gonerally,
2. State of gencrator plating in water jacket,
3. BState of grote and drive,

The operator and valve gear reguire cpecial attontion;
the wear on pins and stops in this machine is heavy, 7he clutch
and reduction goar box are units requiring close examinaotion at
every shutdovm.

The top and bottom gas valves and also the stack valve
are olso dlsmantled and inspected; it is sometimes found
necessary to roiit these within six months,
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Alr Fang: After the weekly changeover, the fan bearings
are opéned, examined and regreased and the motor is examined.
The clearance between the rollers and the race on the bearings
of these machines, duc to their relatively high speed, is critical,
The normal figure is C.003" and the bearing should be renewed if
this clearance is appreciably exceeded. Wear up to 0.009" (or a
total clearance of 0.012") is the maximum allowable before

replacement,

Gas VWaghing Pens: The successful operation of these
fans depends upon careful balancing of the revolving parts and
attention to the sealing gland, Only sufficicnt steam to balance
the blower pressure need be applied to the gland. Due to the
heat from the sealing steam the bearings on this unit are liable
to become overheated and care must be taken not to overgrease them
to aggravate this tcndency.

The bearings are changed when the weekly check reveals
& total clearance of (.0L8",

Circulating Pumps: The stralners are cleaned dsily,
and if any reduction in output is observed the pumps are opsned
up on changing over and the impellors cleaned, Due to coke breceze
in the circulating water there is falrly heavy wear in these pumps
at the neck rings and glands,

~ Routine Operations atnﬁas';lant: (1) The bottom gas .
valve is cleaned regularliy €ach Weeck. 'he top gas valve is
only cleaned when absolutely necessary.

. - (2) Greasing is
carried out at regular intervals on the valves and valve control
gear, The valve stems, the stack valve points and the operator :
parts are oiled daily.  Otherpartis are oiled or greased each week,

(3) The 04l levels in
the hoist and operator reductlion gears are checked weekly.

Gasholders

An internal inspection for estimation of corrosion is
carried out once every three years., This is likely to occur on
the tank bottom, internal water l1line, and in the cups, extcrnally.
The nitrogen holder is likely to be attacked in the crown also.

Routine COperations: A monthly check of the tank water
is made and this is purged if necessary. Ammonium carbonate
concentrations and acidity are controlled. On some overseas plants
the cups are oil filmed with a light engine oil; however, due to
the stains and d iscolouration of the bell resulting from the
presence of this oil, this practice has not been adopted in Australia.

Cas Mains: Periodic cleaning of the gas mains to and
from the raw gas holder is carried out at four monthly intervals.,

Oxide Boxes

These do not require any attention other than inspection
when the boxes are opened for renewal of the oxide,

Hydrogen Plant

This plant requires little maintenance and unless some
trouble has becen observed it does not require any work during the
annual shut-down perlod.

The following fallures may oceur, They are readily
identified and normally only develop slowly.

€1) Interchanger leaks
2)  Choked packing
(3) Catalyst breakdown,
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Routine Onepations: The water pumps arc changsd over

weekly.

Coimpession Plont

Annucl Shutdown: Fhe compressor is partially otripped
ac follows:

1. 4th, Bth and 6th stage c¢ylinders arc removed.

2. lloin bearings have caps removod and brasoes exsained;
clearances and wear doun of bearings arc recordcd,

3. All valves are withdrawm.

4, Big cnds and 1ittle onds arc oxenined and clearances are
- token and recorded.

5. Piston rod plands are inspected and cleancd if nocessary.
Unless there are signs of excessive wear thesc are not
strippod as they tend to match with their rospective rods
and toko on an éxcecllent surface,

6. llotor bearing caps are rcmoved and wear down rocordcd.
7. Motor sllp ringo are opened up and cxemined,

The g£irst three stages are not opencd up unless there
io evidenco of wear or damnge of the cylinder walls, All cylindersc
are "miked™; 1liners arc rcplaced when wear excecds 0,030 for <¢th
and 5th stage and 0,020" for the 6th stage,

014 linero can be reground but this necessitates the
provicion of oversize pistons and normally thoy are seranped,

liew rings arc fitted to the 4th, 5th and 6th stoges.

~hon reasscubling the engine it 1c necessary to linc up
the upper cylindors carefully. This is done by placing the picton
of the cylinder concerned on top dead ccntre ond pressing tho
crosshead Tirmly to the guide; (when opcrating these double acting
pistons rcsult in the croschead bearing on the guide on both strokes;
80 that to achicve operating conditions during lining up, tho
crosshead is held against the guide) and harden dowm the upper
cylindcr in such a way that the rod is central in this cylinder.
Feeclors are used to choek this.

The oil sump is cloaned and the motor storter exanined
end tested by the electricians. '

The interstage coolers are normally dismantled and tho
water passages vere brushed and painted with "Apexior".

Routine Operations: The sump is emptied and clcaned
every 4,000 hours, The H.P. lubricators are clecancd thoroushly
every six months. :

The compooltion of tho oleectrolyte in the spced cone
troller is checked weekly,

Crainary [lalntenonce: The most common trouble is valve
foilure, end this reculls 1n high delivery temperatures and
sbnormally high prescsurcs in the stoges before the cylinder in
vhich the actual failure has occurrcd.

Thus high 5th stagc pressures are due to failuwrc of
the 6th stage valveo,

A falilure of the 6th stage piston ringe will have a sinilar
erfect on the 5th stage pressurcs, but will also cause the 2nd stage

pressurce to be abnorially high as the gas will leak into the Srd
otage and dam up the f£low gas from the 2nd stago.



COB Removal vlant

Annunl Shut-dovn: The top cover ol the COgp tank is
réizoved and packing cxomined, and if this is dirty it is rcmoved
and clcancd by rumblinge.

The pump 1s opened up and the neck ring and glands
exomined; also the impollors may become worn and reguire re-
newal. The notor and starter are checked. All bearings are
cxcnined and cleoarances are taken and recorded. ’

The Larnep-~Johnson valves are opened uwp, also the non-

' return valves, and overhauvled where necessary.

A Routinc ?Eerations: There ave no speecial routine
operations other tnan oiling and greasing on this section. -

CC Renoval Plant

N

Annual Shut-down: The CO tower is opened during the
annual shut-down, the packing is removed for clecaning and the
distributor is cleaned.

The crank case of the injector is opened up and the
bearings exonined. The glands and valves of this machine
require regular attention throughout the year and so receive no
special trcatment at the annual shut-down. The pon-return valve on

: \

the injccior dclivery chould be cxanined and rescated 1f necessary.

, The motor driving the injecctor is exanined and attention
given to the brush gear, bearings and spced control cquipment.

Routine Operations: The CO tover is normally boiled
out every 4,000 hours.

The bed plate oil on the injoctor is licble to con-
tamination with copper liquor and is noroally changced overy
24000 hours of operation. ‘

Ordinary llaintenance: IXtexzs on this plant requiring
regular attention are the injoctor valves, rams and relief valve.

Leaking injector velves should be changed at once to
avold damage to the seats due to wiredrawving. The signs are
unsteady delivery pressure and loss of output, but the firsot
indication is o vhecezing nodsc in the valve chest vhich is guite
distinctive.

The glands on the injector require regular attontion;
they are nover tighteoned hard and a small lecak of copper liguor
vhen running is desirable to lubricate the packing. tUhen ad-
Justing they must be set scuare by mecans of caliper neasurement,
and then locked in position by mcans of the locknuts. Tho
normal packing is two turns of dry cotton and one of greasy hemp
alternatively; about fourteen turns arc required in all.

The rams arc of nitralloy steel and have a hard skin

- depth of up o 0.013". After use resulting in 0.010Y wear they
can be rceground and built up by wmeans cof hard chrone plating.

If this is done they rust be reground again before use, The rams
are double cnded and reversible.

Final Purification

Annual Shut~dowm: The charcool im the charcoal tower
should be rcplaced; tvho used charcoal is regonorated in o lagred
vessel througnh vhich is blown highly supcrheated stcom.

The caustic touer is washed out, The caustic injcetion
i8 maintaincd throughout the year and roquirces mo spociol attention
at the annual shut~doivm.
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Routine Operations: There are no special requirements
on the maintenance side, The 1life of the charcoal is normelly
at least six months, The smell of thec make-up gas 1s the best

guide as to the condition of the charcoal tower, and it 1s of
interest to sample the used charcoal for sulphur content,

Ammonia and Methanol Synthesig Plants

Annual Shut-down: The circulators are completely
examined, particular attention 1s paid to the piston ring zlands.
Glasnd liners which are of pearlitic cast iron are renewed when
the meximum wear exceeds 0,020", all piston rings showing signs
of wear are replaced.

Bearings of these machines are examined and clearances
and wear-down are noted and recorded; the reduction gear boxes
are opened up and examined,

The valves will receive periodical attention throughout
the year and are dealt with under general maintenance.

The motors arc inspected and brush gear checked,

The convertor should not require speclal attention at
this time as 1t 1s dealt with under ordinary maintenance.

The convertor coolers normally require clesning. This
is carried out in a simllar manner to thc compressor coolers,

Routine Operstions: The oll in the circulator bedplates
and gear boxes require changing every 4,000 hours,

Steaming out of the condensatlon system la carried Qu‘c

as dictated by the pressure drop 4in the circulation system.

Ordingry Maintenance: The specisl features of this
section are the convertors. Internal failures here are difficult
to locate and repair.

It is important that this section of the plant should
never be blown down rapidly, except in great emergency as this
practice is liable to rupture the internal sheaths.

A gland or sheath fallure will cause sudden loss of
temperature in the catalyst, and it can be located by putting a
pressure test on the wall cooling sheath using nitrogen at
30 1lbs. per square inch, The loss of pressure should not be
greater than 1 1b. per minute,

An interchanger failure is difficult to distinguish
from loss of catalyst activity, as it results in reduced conversion
and lower temperature of the exit gas from the convertor. Failure
of the internal cooling tubes of the catalyst basket produces a similax
effect but this will also produce an unusual temperature gradicnt.

It is only by careful consideration of the conditions
prevailing, such as temperature gradient of catalyst, rates of
direct and indirect bypass and other temperature considerations,
that a correct diagnosis of the trouble is achieved,

The cause of fallure in a Methanol convertor is easier
to trace than in an Ammonia convertor because of the simpler
construction of the former,

The special precautions and work in the circulators are
mocstly in connection with the glands and these should be put up to
pressure and blown down slowly and only when the machine is running,
otherwise scouring of the glend liners end failure of the cast iron
rings will result, In other respects the circulators require
similar attention to the H.P, compressor,
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TYesting of Safetly Devices

A large number of safety devices and alarms are
provided on these plants and it is cssential that they be tested
rogularly to ensurc eiiicient operatlon in the cvent of an
crergency. It is not always possiblc to carry out thece tests
under actual plant running conditions, but in many caces sinulated
conditions can be obtalned. In some cases visuol exanination
only is possible, :

The folloving schedule indicates the class of teost
required for cach of the various devices and the frequoncy with
which these tests are carried out.

Clagses of Tests:

A. Tests under actunl conditions
B. Tests under simulated conditions

C. Visual examination.

CIass o 108t
Dovice to be tested ; Required Fregquency

tJater to Lymn ljasher Alarm "A Vleekly

e

tiater level in Gas Plant Cooling Uater Suvmp
R.G.H, Lov Level Alar

Differentlal Pressure ocrosc Oxide Boxes Trip

"

Hopkinscen Steam Valve Trilp

W

Hot later Cilrculating Pump Trip

i

Cat. G, H. Low Level Alarm

11

U U o 9 g v w

Coupressor c¢ocling water Low Pregsurc Alamn
Couprecosor Crank Case 01l Low Pressure Alarm A "

Differcntial Pressurce across 002 Tower
Indicator

20 Ats Lot-dovn Vessel Low Level Alam
H.P. Condenser lio. 1 rnellief Valve

H.%e Condenser HNo. 2 Relici Valve

r 0O Q W ow

§?

20 Ats Let-down Vessel Rolief Valve

[lethanol Let-doun Vessel High Level
Indicator B "




DESIGN OF HIGH PRESSURE PLANT. AND RQUIPMENT. .
ODUCTION.

_ , In the following pages an attempt has been made

to evaluate the general principles of design of industrial
equipment operating at pressures up to 500 atmospheress The
number of units operating at elevated pressures is small and
the requirements are far from uniforms A certain amount of
standardisation has been found to be possible but this only
applies to items such as pipc lines, valves, branch fittings,
ete., which are used in relatively large quantities on any
ons plant, Vessels and machines are invariably designed for
specific installations. S , .

There has been a tendency since high pressures
were introduced for Britain, America and the Continent to
develop their design technique in three distinet wayse British
practice has been more conservative than American as regards
pipe lines and Joints, British manufacturers of H.P. com=-
pressors have favoured vertical multi-crank units whereas the
Continental practice favours singlc crank horizontal machines.
The former type saves floor space but the latter are more
accenssible for maintenance worke

The notes that follow concern British practice and
are applicable to the desipgn of plant for industrial uses, A
large number of devices have been developed mainly for laboratory
use specially at super=-pressures but these have not been included
as in general they are not applicable to full scale plant work.
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HIGH PRESSURE VESSELS

(For use up to 360 ats.)

Presoure veséels,operating at pressures above apjrox.
1000 1lbs/sq.in. are invariably manufactured from hollow steel
forgings. : &

The two main factors involved are the choice of the
type of stecl to use for forging and the design of the vessel.

The mein factors influeneing the choicé of material
ares- . '

2) 8ize of vessel.
3) Heximum temperature to which vessel will be

subjected.
(4) Effcets of process on the vessel.

§1$ Working pressure.

The three main steels used for industrial high
pressure vescels are low caerbon steel, 3% chrome steel and
Ni-Cr-llo steel, ‘The first is satisfactory for small ond
medium sized forgings where the operating temperature will not
be greatly above atmospherice The use of 3% chraome and
Ni-Cr-llo stecls hsve replaced the medium carbon and high carbon
steels for large forgings on account of the consistency with
which good mechanical properties can be reproduced, ond also .
because their better elastic properties render them particularly
tuitable for use in cases where elevated temperatures cnd
thermal shock effects increase the working stress of the vessael.

In ammonie synthesis and hydrogenation processes when
the pertial pressure of hydrogen in the restrained fluid is
high the effect of hydrogen sttack on the steel must be consider-

ed. Both 3% chrome and Ni-Cr-llo steels possess good hydrogen
attack resistant properties,particulsrly the latter st more -
elevated temperaturese.

The preparation of the forging is primarily the
responsibility of the steelmaker,and he is called upon to supply
a full report covering the melting of the stecl together with a
complete thermol history of the subsequent treatment. The
composition of the threec steels as normslly used for forging
purposcg are as follows:i-

Low Carbon Stcel

Carbon 0.2 = 0.3%
Menganese Ol - 0.8%
Silicon Not mope than 0.3%
Sulphur " " 0,0L%
Phosphorus " ow w004
Nickel " n " 0.5%

' 3% Chrome Stcel. .
Carbon 0.2 = 0.3%
Chrome 205 - 3.5%
lMolybdenum 0e35 = 0,504
Manganese 0.30 - 0,60% :
Silicon Hot more than 0.3%
Sulphur " " " 0,035%
Phosphorus n " " 0.035%
Nickel # " " 0.5%

Vanadium lley be bresent up to 0.25%
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Ni-Cr-Mo Steel, |

Carbonsg 0.22 - 0.,32%

Nickel 2.2 = 2.6%

Chrome - 0,6 = 0.9%

Molybdenum 0425 = 0,45%

Silicon Not more than 0.3%

Sulphur " " " 0.035%
Phosphorus " "™ 0.035%
Vanadium Mey be present.up to 0.15%.

In the prepsration of the forging the ingot is stripped
as goon as possible after complete golidification and is
adequately cropped at top and bottom to remove sny defects. It
is customary to charge the billet without delay into a heating
furnace while its temperature 1s above 600°¢, The furnace
having been previously prepasred so that is is not more than
100°C, from the billet temperature. In this furnasce the
temperature of the billet ig raised for blooming, ™ In the
case of 3%.Cr6 Steel the ingot is worked at temperatures not
1leas thsn 850°C, and in the case of Ni-Cr-Mo steel at temperature
not less then 800°C, After blooming the ingot is annealed
slowly for trepanning. - It is important that the size of
the trepanned hole be sufficient to remove all centrsl wesknesses.
. At this stage all laps and surfece cracks are removed and
sulphur prints are taken as required.

The trepanned forging is then hested slowly to the
forging temperature, which for 3% Cr. steel is not less than
850°C, and for Ni-Cr-Mo steel not less than 800°C., and hollow
forged. After forging the mild steel or 3% Cr.steel is
heated to 900°C. wnd after obtaining a uniform temperature
throughout is sllowed to cool in the furnace. The Ni-Cr-ilo .
steel is heated sbove its upper critical range for sufficient
time to echieve a uniform temperature and then cooledfreely in
gir to 300-400°C., it is then sosked at 650°C. before being
allowed to cool slowly. ) .

The forging is then rough machined and in the case
of the 3% Cr. and the Ni-Cr-llo steels is hardened by quenching
in oil at a temperature above the upper limit of the critical
range of the steel. It is removed from the oil bath at a
temperature just beloy the flagsh point of the o0il and tempered
by heating to 575=-650 C, end then cooled in air, A final
reheot to a temperature sufficiently high for an adequate
period to relieve any stresses that might have been set up
during the heat treatment is then carried out, The temperature
end time of this final treatment is dictated by the thermal
history and by experience of similar forgingse

Test pieces are then cut from the forging for tensile,
bend and izod tests. The physical properties to be attained
sre as follows:~ :

: - ‘ H.8. 3% Cr. Hi-Crelo
Ultimate tensile stress, tons/sg.in. 30-=35 ﬁgéﬂg 2=52

Elongation on 2", ¢ | £20 418 16
Reduction in eres, % ¥35 435 X35
Izod Impact, f£t/lbs . - 430 «30
Proof load, tons/sq.ins. 14~15 30 30

A bend test on a stsnd test plece is carried out end
a microscopical examination of appropriate sections is also done
to ensure that a fine grained sorbitic structure has been
achieved.

The forging is then finish machined and hydrsulicelly

pressure tcested. , Ltﬂ.?
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Considerable importsnce is attached to the hydraulic
pressure test which is carried out at a pressure 50% higher
than the working pressure, The object of the test is to
compare the permanent volumetric stretch and the volumetric
stretch at full test pressure, and also to obtain a curve
giving the volumetric strain over the pressure range,

The test is carried out by filling the forging with
water and then by means of a small hydraulic ram pump raising

the pressure in 50 ats steps to the full test pressure, At

each step the volume of water added 1is recorded. The pressure
is then let down in 50 ats steps and the water discharged at
each step is measured., The results are recorded on the

test sheet. The test is considered satisfactory if the ratio
of permanent stretch to total stretch at full test pressure is
less than 10% and when the graph of strain plotted against test
pressure is a straight line,

In this test the volume compressive strain of the
liquid is considerable and has to be accounted fore For thin
walled vessels vhere the compressive strain of the fbrging is
neglected the correction factor is:-~

Volume of water pumped in _ .95 pd , R
volume strain of cylinder Et K

. pd
095 Et.
= 14+ 1.05 g2
For water K = 0.32 x 10® 1bs/in2
and E =30 x 10 © 1bs/in.2
o correction factor = 41 4+ 400 g
For thick walled vessels this expression becomes:-
. . Et
= . Kg
T
2(1+E)-+(5-§1)d
4L(ad + t)
where
t = wall thickness of forging
d = internal dismeter
P = internal pressure
E = mod. of elasticity of material of forging.
K = bulk modulus
% = Poissons ratio.

This expression leads to the following correction factors for
various values of %t

a
% Coréction factor.
0 41 + 100 (g
0.1 1 + 84
0.2 1+ 72 (a)
0.3 4+ 62 (%)

!



STRENGTH OF THICK CYLINDERS

ACCORDING TO:-

@ STRAIN EMNERGY THEORY. (ELASTIC COnNOITIONS)

@ Creep THEorRY. (PLASTIC ConoiTions.)
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In the design of thick cyllnders for pressures up
to 350 ats working pressure where no appreciable creep takes
- place the strain energy theory is normally used. The
attached graph relates the ratio of diameters with the effective
stress and the internel pressure. - In practice the process
considerations normally dictate the inside diameter, the material -
~ of construction, the factor of safety to yield point,snd hence
the effective stress and the internal pressure, 1eav1ng only the

outside diameter to be fixed.

For more asccurate work the following formulae is
spplicable, .

(D) = 1+ /BBE S A
‘ 1 - 2¢6‘2 .
= BB __
whered= 1555
, - 2
()= 1
or l‘fJ? = 94,526 §

. where = factor of safety to yield point
= working pressure 4iff, in ats.

= yield point in tons/in? at working
temperature.

outside diameter any units.

n
b
£
D
d inside diameter in same units.

These formulse assume Poisson' § ratio = O+3 and are derived on
a strain energy basis,

Forged pressure vessels are designed in such a way
that all stresses are as nearly determinant ss possible; this
is achieved by observing the following conditions:-"

(1) There are no sudden changes in section

(2) There are no holes in the walls of the vessel.
Normally the end covers carry the openings,
where holes in the walls of the vessel are essential
they are carried by a thickened ring machined into
the vessel,

(3) The bore is concentric with the external surface
and there are no offset faces at the ends.

End closures usually require a thickening of the
forging wall,end ample metal is allowable at these points for
stud anchorage and joint stiffness.

: For mild steel forgings it is usual to design vessels
to an effective stress of 6.5 - 7 ton/sg.in.

For 3% Cr. and Ni-Cr-Mo steel vessels the conditions of
gservice particularly the emergency conditions that are liable to
occur usually incressethe factor of safety to yield point that it
‘1s necessary to use thus:: reducing the effective stress used in
design. For vessels such as ammonia converters where stresses
induced by thermal shock may be present it is customary to use an
effective stress figure of approximately 5 tons/sq.in.

It is not necessary to increase the elastic strength
of H.P. vessels operating up to 350 ats pressure by any of the
processes such as wire winding, compounding or auto-frettage,
although these techniques can with advantage be employed on .
vessels operating at considerably higher pressures. It is
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IXCH Jenuuu g JOXLESE LoD COUPLIL LS

T8 YR JOXUES

The lcms ring joine ic the ciimlest ond woct collonly
uced of 0ll HuoP. Jointo for ¢a0ldl ond mediwy joinbt oiscs. in
1% erudest fora the tUo narto ©o Lo Joined arc Linichod 120%
oand pulled uwp agoincst o ping Chich bhag eonve: eUpvesd SurLfoees on
cach cidc, ' _

AR diproveient o this tyne is modo (hore the ring
moates with coniccl scatingo: this 4o the dorn uescd iun commicreinl
nrastice, e notlng focos ore nitrped at S0Y 4n tho coce of
vessedlo and 20° in the cocs of Hincuoriz. Lo 809 nitro gives
logs ools tishtemiag citeet vut the thiclmess of thoe ping 4o
notericlly scduccd, an Imortant point in iong sipc runs.

The lonticular supioce of the ving 4o decigked s thot
a linc of contact is rormed ab or acor e centyre of thoe nitre
£06Ce  On vdrhicning the Jolnt deiormation oF tho Qupved Suprface
tolzes place o o ouvisnicicnt degroe to casure that thoe saadl
ourfoce Arreuldarltico Qre OvVOorGOaC,

In a properiy deoigned leno ring the otiifncos of the
#ing io codo lces than the stlflncos of the xcotraining wanll oo
thot a golf tightoning cfieet 1o achicved then proscure io
onodicde.

In the deodenm of a long 2ing to £1% a 30° mitrod joind
on a venocl or ond closure thc borc of the ring 1o usunlly node
tho senc ac the bore of the voooscl. The outsidc dlonotor of
ke ring 40 =odo cqual €o thoe outoide dianctor of ¢he mitred
face and the dicnoter of line contact is thomn fixcd, cquidictant
botucon these tvo dincnoions. 1% 4o convondaent o nale the
rodius of curpvature of the lonticuvlor gveplrcees ccund to the
cortoel eirclc dlenotor for 300 jointo and thic ic wsunlly domo.
Hoving £ixod these dinocnsions o ¢hielness of rinc 40 chozcn o
give tho reguired degroc of sitlillinels. A pressurc induecod
otroos o8 8 - 10 tons/sg. imch 4o oufficicnt sor momnl Joints
voine a .. lens ring. A

Por nine Jjoints woilang lons ringo the courliny io ticht-
encd by weons of flancos sercoved to the pldpo. Yheoe §lonsoo
arc en cosy rumning £i¢ ond iopose mo vodied restrodnt on tho
D130, Lens ringe for theco jointo Duot be locc oulcyd tham ko
corresponding nipe wall. In desicnineg lens 2Pingo wor theoe
joints the Lore o. the ring ic node couel o the bore of the
ninCe e dinrstor of contcet dc chooen to Cive an copronrliato
scoling line emn ¢he wiltred Loace,. “hic radius of curvoture ofF
the lonticulor foces is thon determdned sveh chot

Gioncter of comtact circle = sinc 20
5 X POdils 0F CURTOLURrG

e ring thicknopo and outside dicmotor arc choscon o achicvo
a ocuitablo obtisfnoos. Uowally o proscurce induecd otyrcos of
9 - 131 tons/sq. inch ic vscd om 1.5, lons rings ond 10 - 48
tons/sqe. inch ilor 3¢ chroac otcol PinGG.

Long ging Joints eon bC mode and ronode o numbor of
4408 vithout cochining ¢ho niteod iaco cnd are caclily aosgcabled
by uvnglkilicd lobour, Yhe pineo arce diecan ond obuote P letciel
advonto eo cake 4t o porticulerly suitablo Joint ior gomeral
induotrdoel wce and 4t vindo vide oopplicotionm im ll sizeo of
Jednto v 0 3 £oct Gloiltor.
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VICKERS~ANDERSON JOINT AlD COUPLING

This type of Joint and coupling has been developed
ior use on large closures wherec the restraining forces are such
that the number and size of the bolts and the ilange dimensions
required ior normal Jjoints would be inconvenicntly large.

In the Vickers-Anderson joint the coupling is
achieved by the use of a U-shaped three-sogmented clamp ring
which fits over a shoulder on the end of the vessel and over
the end cover or mating section. Close contact and the -
required contact pressure is ocbtained by machining a conical
surfece on the adjacent faces of the clamp ring and the
shoulders. The angle of this shoulder, which must be less
than the friction angle of the materisls ussd, is usuglly
¢a. 124°. In order to meke the conditions of operation
determinate the sealing ring is designed so that the joint
will be sealed vhen the adjacent faces of the mating sections
are in contact. In meking the coupling the two sections are
brought together - they usually register by means of a spigot -
and segments of the clamp ring asre loosely placed in position.
The gap between the meting faces of the main sections is then
ascertained by means of feeler gauges and the reduction of the
radial gaps in the clamp rings necessary to close the coupling
calculated, A jacking ring is then placed over the clemp ring
and the segments of the latter jacked up till1l the radisl
clearance is reduced sufficicntly and then bolted in position
by means of six clamp bolts. As the sngle of the shoulder
is less than the angle of friction of the material the clamp
baolts are not required to hold the clamp ring in position;
their chief uses are to assist in locating the clamp ring
during assembly and to safeguard the segments from dislodge-
ment by some external agency.

The jacking ring consists of a circular ring of
hollow box section febricated by welding from H.S. plate. It
carries a number of small hydraulic Jacks located radislly ‘
which are connected to a common header, A snall hydraulile
rsm pump supplies oil under presswre to the header for the
operation of the ring. Usually 3 to 4 Jacks are provided for
each segnent. ) A

An alternative method of c¢losing the coupling is to
assemble the main sections without the obturating ring and
then clamp the segments in positicn. A measurenent of the
radial gaps between the segments of the clamp ring will indicate
the amount of Jacking required when the coupling is subsequently
assembled with the sealing ring in position.

Both the clamp ring and the shoulders on the nain
forgings are subject to a considerable bending monent; care
is necessary in their design to prevent concentrations of
stress at the inside corners of the conical faces, The clamp
bolt holes are drilled through the corners of the segments
at points of low stress,

The obturating ring for these couplings is normally
a hollow U-ring which fits into & recess machined into the
bore of the main forging, The joint faces are annular ridges
on either side of the ring ususlly § inch to 5/32 inch wide
by 1/16 inch to 3/32 inch high; e corresponding but vider
face is machined on the mating faces of the main forgings,
A Junk ring fits into the hollow portion of the U-ring, this
is segmented to facilitate 1ts removal, the purpose of this
ring is to provide a restraint against which the U-ring can
be pressed. The size of the components is arranged so that
there is an interference between the faces on the maln
forging and the faces of the U-ring; in the case illustrated
this is 0.012 inches to U.013 inches, On tightening the
joint this interference is taken up in two ways, iirst by
the deformation of the U-ring to conform to the junk ring
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and sccond by tho defomation of the four bearing surfaces.
There are thus throc sorces tending to closc the joint fLoces
vhen under prossure, First that dve to the clastic deilection
of the ring, cccond thot due to the deformation of the facos,
third that duec to internal pressure, The derormation of the
faces ic ncccosary to overcone snall irregularitics of the
surgfocc and this together with the clastic deilcction cnsuros
adoguate ebiuration at low prossurce.  Under norel operating
conditions the internal pressurc which inparts a self sealing -
action to the ring is responsible Lor the gencoration of the
major otrecsoes; in the cage illustrated the crushing otress
generated under 350 ats 18 .ca., 75,000 1bo./0¢. inch cnd the
teonsilc strocs in the centecl portion of the ring duc %o
internol pressure alono is oo 14,000 1lbs./cg. inch.

A pteel with good physical propertics, usually o
Hickel-Chrone Livlybdenivia steel is used for the U-ring; I1.S.
is guitablo Lor the junk ring. .

The clamp ring coupling arrangement is particularly
suitcble for large conncctions; it is nomally used for
cloourcs oif over 38 feet dicaetor and for saaller sizeo there
flanged Jointos are not suitable or vhere 1t is not poscible to
thicken tho forging to carry otuds,

The U cectlon seallng ring 1s used with the Vickors-—
Andercon coupling and also in a varicty of other cases whero
the spoce aveilable on the borc of the vecscl nrevent tho
use of 2 lens ring. Thio type of Jjoint can be broken and
rcacde fregucently vithout réplaccacnt of the ring. It
seldon £oils under precsure,

The Vickers-Anderson Joint and coupling have rcoplaced
the carlicr type of closurc for large forgingo which consisted
of 2 plug cercued into an internal threcad ot the closure, the
scaling in thic case being échicved by the use of o lenc ving,

Arrcongeoents of these types of clooured arc chown.

UILLS PRUSSURD PILLUD JOXIITY RIIIGS

These jointing rings comnsist of o scoled ring made fron
a tube of sultable materiol ouch as aluminivi or coppor Waich
is gos £illed under prossure.

' For sealing. joints theee rings arc placcd in o rocess
at tho joint facc and as the joint is made tho ring is deforaecd
by the tvo facco. The pressure of the gos vithin the tubular
ring is sufficicnt to nake the relatively soft ring cenl any
irrogularitios in tho jointing facocs,

Onc cdvantoge of this type of joint  is that the ringo
can bo cupplicd in any dosircd chapc Yo cult porticular con-
aitionse. Yhoy £ind application in gos compescors and [P
hydroulic oochinery wvhere the space for aking jointc and seals
is reotricted.

. Por gencrel use they have coveral major disadvantages.
The joint is not self scaling and once a leak starts 1t scldon
tokes vp. A kow ring nust be used cach tine the joint ic
broken. It is dwmerative that the articles to be jointed
chould at sonc part bear netal to metal in order to prevent
the compreacion of the ring to less than the desipgned figurc;
this crite>ion is adﬂiticnmlly inportant to casure that the
ring ic not Lfotipued wnder pulsating loods. Should the ring
jedntc become dommged 4t io necessary not only to refornm thon
but clso to turn doun the whole of onc beoring face to bring
the depth of the ving groeve bach to the correct figurc; thio
mey ih soEe e2scs be disadvantogeous. :



yor soplin_ clocurcs uwp $o £, inchces 0.d., 1/.6-inch,
S/3G=-3nch md g-inch tabing 10 wscld; ipca 9 4mcked c.de O
13 4nchos Oee 0/SC=inch ond o/i6-ineh wubing 1o uscd ocnd cbove
12 Inches o.Ce /~inch tubing 16 custc ary.

@h¢ follo.ing table ic recazionded oo ¢ood proactico:

- Bocrating Doath el
Prosouxrc Oelle CL RINRT QDele 0L ROSLBD RGCGDQ

L\g)g; gf‘i . ‘J.KB.

Yp o 500 Y <+ 3d. D & CeClle UeTise
(J,L)O Y + Sﬂo D 4 @.09@.. U.?Uﬁo
2000 ¥ o 5de D < Q.204. UeC3de
SGU\@ Y < SG. D < @.llﬂ. \JQG‘GQKQ
2004 Y & i . D 4+ O.if?ﬂ. UQC‘/.}_CO
5430 ¥ + 34, D ¢+ 0.1040. UeGisd
GO0V Y &+ 3de D o+ J.408, Lol

vhepe ¥ ig the bore o the closupo,
D ig the wbe dicoeter £ron vhdeh ke sing ic udo.

. The reeoxicnced sises of donth crd widih of rocoos
are 08 follouss

De CAAth of Roeors  2opihh ¢f peelss ior vordous “reisuses
in. i, in inencs (LOG/00. inen)

BLJ 1000 QoUd. SULU  C0u0 BulL  6uul
3/3%3 8/3%2 010 JUTP0 LUO6  LG082  LuBD  LuB7 L0565
% 8/16 008 088 LG4 U800  JLOF7 075 U73
5/33 % WAAT  GIAB GAU8 LAUL  LJLUL 09D «CC7
S/16 5/16 «1EU W18 L1BD L1U5 L1289 L300 .418
& 3 elTOT GAYL  L1T0  LA00  LJAGE L1061 L2159

UAVE LG JOXTSR

A wove ring joint aoscClibly concisto of o eylindsicol
g vith a double wave on the cutcr fcee £itting into rocesoeo
machined in ¢ho twuo iGcno vo be Jeinod. ¥he gonceral '
dincrasions orc chown in tho accolzunying Liuwro.

“nig typc of Jjeoinmt, vwhich ic fully scli-tishtcning,
hos beon dovelopcd oD the lono ring joint. A high deproc
of cecwraey igo rocuired in prcporing tho conponontoy  tho
gocke (s uot be ddemtienl, circular and narollcel vithin 1inc
tolcranees, the iacerioronee botucen the ooczeto ond tho ercsts
of tho waves on the Joint ring 4o of ¢he ordor of U.L027 of
e 1.de. 01 The ring.

The joint ring con ve node in a variely oy metalg,
the Lolloving have nroved sotiasfaciory in ocrvico:

T14ld Stocld

3;5 Chroze Steel
6,5 Chyone Steel
13, Chroro Stecl
susteniidie 46/8/1/5 Stecl
fibroe’ Stecl
Conmep

Fl=-0U 1RO80
Silvce

wickel

[lonecld fietold

%
Achinoulcedroiont -« L,0l.2, anndng - Chod. Eng.
Groun 19/131/0%.
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Provided the wolls of the sockets arc cuificlcntly
rigid to vithstond the interncl pressurc vithout deformation
and the ring cufficicntly weck to deform undor the vorking
precogure a tight jeint can bo ade,. In norinl practice tho
dogcign of the ring isc based uwpon c¢lastic otressing, this
occurs 107 Pinzs oi normel snrorfile then

v > ng

GY
P = intcornol pmsam’c :
4 .= borec of ring -
¥ = tensile yiold stross
2 = createst ring thickross -

1t is custonory, thorciorc, $o oeko %he i.d. of the ring oguol
t0 the borc of the pipe and § '

Pd > Y > rd

An inportant detoil in chaoping the sockots io the
lcad or rodivs that is glvan to the nouth vo cnabic the ring
to bo pushed heace sguarcly without domoge. The plapgs arc
ucually “flached” vith copper and the sockets well lubricated
before acocibly.

- Onc advantage of these joints is that thoe axial
thruots on the coupling arc lovcp than ost othor lI.P. Jointo
and ore coapletely doteminant. . Therce is an approciable
amount of "give" in the joints uvnich io an adventage vhere
*ercop' is liablc to occur. On the othar hand the first cost
of tho wings is high, they arc casily dmagoed, and a wide gop
io required for moking and broaking Jjoints vhich 1s not aluays
available on long pipe lines, For thece reacons the ong has
never roplaced the more robust long ring for snallcr diancécrs
or the Vickers-Anderson jolnt ring ior larger 6izco of jolnts.
it ic porticularly suitable ior very high progscurcs and roccont
devclopaonts in the organlc synthesis 1icld at prepsures over
1,000 ats pay lead to iic application i\n the indusdtrial 1icld.

SPIGOT AIID SOCKET JOINT

A ugeful Joint for mnll closures where opacc 1s
limitcd 18 the gpigot and sockot arrangenant. Obturation
is achieved by nicans of o seonling ring of coaapregsscd asbestos
£ibre reintorecd vith woven vire or by a serrated mctal ring.
It is neocessory to glive lateral cupport to the Jjoint =ing
and for thic rcacon it is usuwolly located in an cnnulap reccss
or scatcd on the centrc of o triple stepped foce.

The mein disadvantage of thic typc of closure is the
foct that 1t ic not sclf sealing; 1t thus requires high bearing
prescurcs for satisfactory operation and this linits the maximun
practicol size of the ring to about 6 inches dliancter. “hen
uced cn machincs and items of plant the ccoling pressurc ic
normnlly achiocved by o »ing of studs alvhough Ancrican practice
fovours the usc of union nmuts for sipll sises,

thore conoresscd acbestos £ibre rings arce used the
ring is dcsigned to £it snugly into the scating rcecos, Thin
sections arc uscd -~ nornally 1/82 inch thick - ond the width
verics fral § inch for sacll dioameters up to {4 inch. Tho
bearing precocurc required for satisfactory cealing ot 300 ats.
is ¢ - 6 tons/sq. inch.

In theo casc of netol scaling rings the scction of
the ring ic dosigncd to give line contact. The initial
bearing proosurc is tw to three times the crushling otress
of the jointing material resulting in considercble deforaation
of the ring during tightoning.
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Beeouse they are not self=-senling, Loth these jointo
arc licblc to develop leaks under pulsating preocures. ew
rings nuot be uesed each time the joint is broken,.

Gland Rﬁngs

Self scaling pland Fings are wesd in glondo vhere rotory
widon 40 roouired,  Thore are tuo nomiol types: ¢ho
standard pattorn scecling cgeinst the rotating shaft or sSpindlo,
ond the inverted type vhich is £ized to the contral clczoné and
scalo agoinst the eylindrlcal tllo of ¢he housing. Both
thesc tyoes orc illusitrated, together vith the leading
dinensions of stock siges,

The rings arc of molded rubber reinforccd with Labric.
Various typcs ars obtainable for speeific dutics, d.c. Recoprenc
for applications vherc oll wWill be progont, CucC. Fo¥ tho
najority of duties naturol rubbox- i8 uscd,

They give saticfactory service in cases wherc votary
rmotion only ic cncountered, but for reciprocating translatory
notion thoy have only o linmitced 1life duc to the adlisintcgration
of the ruvbber ot thin gections, Their rain application ic
in the gealing of valve spindlog,.
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HIGH PRESSURE PIPES AUD FITTINGS.

High Pressure Pipes.

For pressurcs above a fev hundred lbs./sq. in.,
ceamless, 50lid dravn steel tubing is used exclusively.

The'material of construction is low carbon steel for
normel purposes having the following physical properties:s=—

Ultimate tensile stress Not less than 25 tons/sq. in.
Yield stress _ won " 505 UsTeSe
Dlongation on 2% ®om "2

Reduction of area noow "onsg

For high temperature conditions pipework manufactured
from 3% Cr. steel is normally used and the following physical
properties are specified.

Ultimate tensile stress Not less than 35 tons/sq. in.
Elongation on 2% oon w233
Reduction of area: oo w53

The 3% Cre. piping is suitable for temperatures up
to 450°C., and the low carbon steel piping for temperaturcs
up to 2009C. ‘ .

Yor industrial use the application of H.P. piping

" is standardiged both as regards working pressure and pipe sizes.
British practice on ammonia synthesis and high pressure
hydrogenation processes is to confine the design of H.P. pipes
and fittings to three pressure ranges - up to 55 ats., up to
260 ats., and up to 360 ats. The following tables list the
standard sizes of pipe in these three ranges.

1, v _Carbon ats ‘ . N
NWominel outside tall
Bore Diameter hickness
PER) - .' " Lol
2 sy 965 3O
" + <0 5" ‘ o+ QOM"
3 3% - .o‘7 3 - .oh
6" . . 7 +..lu” R «05"
. - .0 ¢ - 005
an . 185" : +O6"
8 93 ¥ o1 916 * +%
1on . a . "
12 13-11/16 } *37° 27/52 ¥ *9%2
1] - 13 : (]
S DY 1130
2, 260 ats. = 2009C, pipina.
Nominal : - Outside Wall
Bore Diameter Thicknesg
on + JO7" + 065"
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The maximum safe stréess allowed in low carbon
tubing is 10,500 1bs./sq. in., and. the formula used for
computing wall thickness ist- _

.- . Bd
T 25 + C

wall thickness

‘test pressure (1% working pressare)

max. safe tensile stress »
factor varyin% from 0.18 for 3/16" bore
to 0.05 for 5" bore tubing.

when T

Qg
i ll i

The maximum safe stress for 3% chrome tubing is

21,000 1lvs./sq. in. at the test pressure of 700 ats. The

factor in this instance varies from 0,155 for small piping to |
zero at 4" bore tubing and above.

The cost of H.P. tubing is high and 1n.the design
of H.P, plants the quantity of pipework required is considerable.
In addition, the compression costs involved represent an
appreciable proportion of the total operating costs. In order
to. assess the optimum pipe diameter required for a specific
duty the capital cost of the pipework and the cost of the
pressure drop involved is expressed as a function of the pipe
diameter. By differentiating with respect to the diameter and
equating to zero, an expression is obtained giving the most
economic pipe diameter. Two cases arise - one when the
Reynolds number is very large and where the friction factor
can be considered constant, the other for turbulent flow where
the friction factor is considered to be proportional to the
- 0.2 uth power of the Reynolds number.

In the first of these cases the optimum pipe diameter
can be exPressed by the following equation:-

a - 1[Ghafplvib
opte ~ / 15%3 (%2 - 1) cpeg

and’ in the second case =

' (K? - 1) cpe

friction factor in the Fanning Equation
aceceleration due to gravity, M/sec?

Fixed charge rate of pipe/year

working hours per year - ;

cost of power (K.W.H.) charged at the switch
board for every horse power. absorbed in
compression. &

_inside diameter of pipe. M,

ratio of outside diameter to inside diameter
cost of pipe material per unit weight.  £/K%
fluid density under pressure. K9/u3

density of pipe material, K

volume of fluid pessing through pipe under
pressure in unit time. M3/sec.

M = Viscosity of flow of fluid under pressure.’/1/sec.

opo0R K
R EE

nnuow

'4$yd¢3F{Q
i

il

In the second case, the modified Blasius equation
P = 0.087 (dvpl4u) - 0.24 ig agsumed to be applicable.

. .The former equation is normally appropriate for
gases ond the latter for liguids. Under the current prices-
of power and steel operating on the llainland of Australia, the

opﬁimum velocity fop gases and liquids works out at
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20 - 22 ft./éec. and 5 = 7 ft./sec. respectively.

Manufacture of H.P. Pipes.

H.P. tubes may be either hot drawn or cold dravm and
it 1s left to the discretion of the manufacturer as to which
process shall be employed for particular sizes of pipe.

Care is required in forging the billet before drawing
to ensure that sufficient work has been expended upon it to
completely break down the cast structure. Test pieces and,
if necessary, sulphur prints are taken at this stage to check
that the condition of the steel is satisfactory for the
subsequent processes. P

If the tubes are hot drawn they are delivered in the
hot finished condition. If cold drawvn they are normalised
" after drawing by heating above the critical range of the steel
and then cooling frecly in air. :

, - A set of test pleces is taken for every 500 ft. run.

In addition to the normal tests, a flattening test is carried
out which consists of cold flattening a short length of tube
to half its original diameter. This test is particularly
useful in showing up longitudinal cracks and fissurés which
have been perpetrated and magnified during the sinking. process.
cases have been found where these fine cracks extended half
way through the tube wall,. , :

The tubes are reQuired to be straight to within
4™ in 10 £t. and to be parallel to within 1/16" in 25 ft.

g Fittines. B | .

Pipe fittings are made up in standard sizes to match
the various standard pipe sizes and standard working pressures.
The units are forged from low carben. steel similar in composition
to that ueed for P. tubings Special care is exercised in

the various forging steps 0 ensure that there is sufficient
work expended on the billet to break down the ®as cast" structure
and to achieve suitable flow patterns at bends and at changes

of section.

The following fittings arée thosc usually employed
for industrial practice:- ‘

Reducers. Obtainable in most pipe sizes but not in
applications calling for a reduction from large to very small
pipe dismeters; in these inctances single branch connections
- are normally used. The reducers are screwed at either end to
carry flanges; the ends are machined to form a lens ring seat.
The tapered section of the reducer is kept short; sudden
changes of section are avoided but 20 - 400 -tapers are used.

Elbows. These may be equal or unegual elbows. The
branches are screwed and the end faces are machined to form a
standard lens ring seat. The body of the elbow is normally
left in the "as forged™ condition.

: Teeg and Crosseg. - The former may be equal or
unequal but the latter are usually equal. They are finished
in a similar menner to the elbow fittings. - :

. Single and Double Branch Connections. These fittings
constitute a very useful means of tapping a small branch into a
relatively 1a?ge pipe. The single branch connection consists



esscntially of a thickeonod lens ring with a long protuberance
extending fron onc clde. This cxtonsion is drilled down the
contrc thus {orning a branch connection from the main pips

on Thich the lens ring is located in the usual waye “he braanch
is agrewca and rdtred at its extremity to form the usual H.P.
Joint.

Preassurc points, cample points, analysis points, cte.
all erploy branch conneetions to tap into the pipning systor.

Double branch comecctions are similar to single branch
connections bus @ second Hranch s added ususlly diametrically
opposite the firot branch.

Pluags. These fittings are used for blanking of?
HePe pine lincd. They eonulst of o oulid bar of nobal vhose
length io woually shree times the o proprlate {lange thickness;
onc end of the bar is drilled a short distance to corresnond
7ith the internal bore of the H.Pe Dipes The outside of this
- end of the bar ic scrcwed to take an L.P. flange and the usual
209 mitre ie rachined on $he face. With the aid of a lens ring
a gtandord H.Pe Joint is mede betwecn the HoPe pine aud tho plug
thee efrectively soealing off the end of tho pipe.
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TG RRSSSIRTS VALYES,

S8ten Yoiwon e _nso-vn fo 360 ata.

In Dpitich practiec otop velves are otomdordicod o
clzoo corrpagponding to the varleus stondord pipe bores. and
NECOSIRCC. Fhore arc two basic doolpgns, o hond operatod
and tho hydranlieally oporated. Fho hand opcratod typs lo
aced Ko 031 03gos wp 8 3 dne for 99 ato, 2Y0 oto apd 350 abo
PEOSCUIEOS. Above Sheso sizes hydroaunlieclly oporatod valvoso
Or0 Cooonticd dua 0 the large opcrating Lorecs IMveivode

ALY hand operated valves are 2Aght aagled.  Thoy
considst cocontlally of O postansulor Lorgod ctood body to
vhich fo cerewcd o boltéod the valve opinddo opordting coeghanico.
Yo body 4o forged Lrom lew corbon cteecd cnd dm Sho caallow
gizoo ceroved projections on the inmdet and oublol cate with
tho pipotorie On the lorger clzes a lens ring Logo is machincd
in the bady 0f the inlet and outlet aporburec and the kody
. ds @rdllicd amd Gopped o coarry otwdo by which the pipe fLlange
ip Laolencd to Ghe vadve body.

A1l valve necos and valve selts arg rerdvable and
are turmed fron 18/8/1/1 stalmless otoeld rod.  Lock nabso
bold then to tho valve spinidie and the valve Body rocpeeBtivolys
Yho velve coot io ochined to give o ight anglod 1ins ping
contoet and the moces vhich cre £0lf centrcing ceal with 66°
GONG 3e8tlonG. :

vhe cpindle traversing goor 1o co arranged Ghat Shoe
opdnfldos arc mn=turning and the eperating hoadlco have no
EEONCVORCO IVEIOnGo Sealinz of tho opindlc ic cehieved by
moano of O oot of fthwoc gland scaling rings and tho thrusd
49 mormally talen Dy O bBullé=lm ball Shrust *ecc. The gpiadde
and nut 4c eul with a scoparc throads the vbkole of the travercing
poar, with tho oxeoption of &ho valve handdc, o ecovercd with o
eylindrical schoet metald shoathe

P*ho high oporating pressures involved distate tho
720d Lfor 0 robuct dosign of valve which tonds e makae thecs
valvos solabively heavy. Do oxeplco, o 29 360 ags volve
wolgho 375 Ibo., and measures 33% evoralls the valve handlo
bodny 387 diaroltor. In ordor to provent otralm of thoe
piporork and otralning of the plpejeinto, 48 Ao cocendial
o mund the volvoso cocuwrcly and this 1o done by dvldlding
arfl ¢oppilng oo of Ghe Lacoo of the 'roebttagular Bedy .

and by thisc moong boldtling the valvo to the oupporting strueturg.

8omo depigns for largor sized hand eperatcd valvoo
ircerporQfo O gos balaneins arrpcngencnt ond & typlenld erogle
goction throwgh o 2580 ats 3° wvalve ic choume. Yhe valve noco
and coat on this velve is tho Gype usod Lor hydraunldicnlly
oporated valveo, the nose being s0lf conbroins crd £ully
Lloating and tho cott Ao givom a glight lcad to gulde the moco
hoo2 ag Sho vailve io elosing. The body of the valve is
cxtonictd to allew the Lorration of & cylimder inm which the valve
plunger earrying the noco and spindic e@n EBVOs Yhic pluager
ig cealed with gland Pings. A 1ine Lrom ke HoP. 04do of tho
valve %o ¢the uppor ond of fhe balameing eylimder allows tho
valve o Be caoily clogscd by hoamde It 4o notowmorthy that thio
thwroe dnsh valve vhich is 3757 ovoraell woighs 850 1bs.

Hydranlieally eperatod valves are wsod feorp 01l
applications ovor 3V bBerc. Yhoy rogulrc ¢he uss of an
audlidory bigh presourc 0ll gyoten for thelr oporations. “ho
cendicr alzoo are right anele valves and are simdlar dn
conctrueticon to the 3% gas bBalanced valve, tho mdn ALLLoronse
bodng im thoe coparation of Ghe valve gorindlc Lron the valve
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plunger. In the right angled type the spindls is useful
for locking the valve after it has been closed. A safety
measure of this type is essential in maintenance work to guard
against the failure of the hydraulic system.

. For lerger hydraulically operated valves a straight
through design is normally used. These are double sealing
valves fitted with opposed plungers, the operating fluid being
injected into the centre of the plunger cylinder. The gas
passes through passcages around the outside of the plunger
cylinder. The same type of hemispherical seat as on the
right angled valves is used. No locking spindle is possible
in these straight through valves but a similar function is
achieved by the use of isolating valves on the hyiraulic lines.

S&!!!ng Va;_,vg Se

These valves which are 1/8" in bore are used in cases
where small gas samples are required or where pressure gauge
connections lead off larger lines. They can be either straight
through or right angled valves.

The bodies are forged from low carbon stecl and
are shaped so that two protuberances form the inlet and outlet
connections. These are screwed (7/8 B.S.F.) to carry H.P.
flanges and are machined to seat a standard lens ring. The
upper portion of the valve body, which is 2" diemeter, is drilled
to carry the spindle and gland. The seal 1s provided by
three gland rings surmounted by a locking nut. A bridge piece
is screwed on to this portion of the body. The spindle, which
is I diameter, screws through the bridﬁp piece and passes
down through the gland to the seat. 1/8" lines are drilled
obliquely from above and below the seat to the inlct and outlet
connectionse The small size of these valves prevent the use
of replaceable noses and seats. The former consists of a
taper machined in the stainless steel spindle and the latter
is machined into the valve body. :

Non Return Vg;veg.

A 3" pall type non return valve is shown and this
i1llustrates the essential features of these units. The bodies
are of forged steel and are in two halves with a central joint
which may be either a lens ring closure as illustrated or a
spigot and socket joint which is the usual practice on
smaller valves. The extremities of the body are screwed to
take flanges and machined to mate with standard lens rings.

The seats of non return vaelves ere machined from 18/8/1/1
stainless steel rod and are fitted into a recess in the body,
being held in place by means of a locking ringe. A ball

1ift restrictor is screwed into the other half of the body

and its functions is to l1limit the 1ift of the valve and allow
for the passage of gas around the ball. The ball is of
hardened steel. To function satisfactorily, it is essential
to mount the valve vertically. These valves give good service
on either gas or liquids.

Relief Valveg.

For pressures up to 360 ats, relief valves are
normally a right angled spring loaded type.

The unit illustrated is designed to operate at 260 ats
working pressure and to blow at 290 ats. The design of the
valve ig straight forward, the body is forged from low carbon
steel, the spindle is from 18/8/1/.}{ stainless. The design
illustrated suffers from the serious disadvantage that the seat
is not replaceable, nor is there sufficient room in the body
to machine out the seat after it has become worn and fit a

-
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Nnew one, Thisc defect is sorious in relief valves as they
alvays continuo to leak once they have been lif'ted. it is
therefore neccssary to replace relicf valves at the Lirct
opportunity after lifting amd regrind them. This loads to
freguent refettling of the valve and in cages such ac that
jllustrated, results in a relativcly chort valve lifoc,



The oot common type of H.P. level gauge is the
single glaocs type. Thioc i mnde in units vith olther a 9%
or a 4" sight length.

“hoy conoist of o forped oteel body with srotubcrances
at either end to carry the level gauge comnections. Holes
arilled through these protubcrances connect thet: to a longi-
tudinnl slot which carries the gouge glass supported on a
longitudinal soaddle picce. A slotted cover fits over the front
of the level gouge and is bolted to the body. The glasses, vhich
arc rcetangular snd 14" wide by 7/8" thick, are armoured by the
comyrepssed skin process; they are ground dead flat on either:
sidc to encblc ¢ scol to be made with 1/16" C.A.F. jointing
material. Thoy are sceurely held in placc by the beidge plece
vhich in turn io restrained by tightoning bolts spaced at 2¢
intervals. These bolts, which are fittcd with individunl pland
sials, cnoble o uniform pressurc to be applied to the bridge
P1eCa, '

EFO aopre gagge Be

A relicble and ominontly satisfactory gauge for
torking procsurces up to 360 ats can be made in 2 conventional
deoign using the flattened Dourdon tube principlc. In practice
the full scale range of thc gauge ic usually twice the normal
vorking pressure,  thus a 750 ats gauge is used for a 360 ats
service. In high prescure gouges it is neceoocary to have a
strong cooc £itted with a gags eseape opening on the back covor.
Yhis preveonts bursting of the casec in the ovent of a tubo
failure. Similarly, for pancl mounted gauges it is custonary
to cut the poncl at a point corregponding to the explosion
hole to prevent the gauge being blown from the panel.

An additional prceccaution against bursting gauges is
the fitting of a restriction in the first joint imwcdiately
below tho gauge. This restriction takes the form of a solid
lens ring with a 1/16" holo drilled through the centrce In
the cvont of a gauge failure the flow of cseaping gac is reduced
to a rclatively omall amount. :

Flowumo torse

The measuremont of flov in H.P. pipe lines ic
achieved by the uce of the conventional orifice plate in the
linec 1tself and the measurcrnent of this pressurc drop by means
of a balancing mmomcter of suitable strongth to withstond the
pressures involved. _

The orifice platos which arc machined from stainless
steel are mounted in a carrier vhich has lens ring coats mochined
on either oide to cnable it to mate with the normol mitred H.P.
pipe endo. 7The restraining bolts pass outside the corrier and
hold the flonpges, scrcved to either pipc end, in position.

Tapping points are arranged in the carrier leading
from dbove and below the orifice platc. Lines from thcso
topping points lead to catchpots and from therc to the high
and low precoure bosces on the balaneing monoretcr.

‘ The indicating monometor consiocts cosentially of o
thick walled otocl tube of uniforn bore vhich is bont into o
scoi-circulor U The extremities of thc U arce connceted by fine
capillary tubeo to- the high and low pressurc LOSSCC. A
straight motal arm connects the extrerdties of the U and in its
contre ic o Imifc edge upon vhich the whole arrangement is
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balanced. Sufficiont mcreury is placed in the U tube to seal
- the boreo.

theneveor flow past tho orifice plate induces a
proecssure differonce between the high and low pressure sides of
the instrumcnt, the morcury bubdble is deflectcds This in tarn
causcc the U tube to swing to & new position to couater balance
the ropulting noverente. The deprce of deflection is rcad
ag a flow rate on o atationary scale by means of a pointer
attached to the U tubce.

~ Adjusteble weights are fitted to the deflecting
mechanism to increage the senaltivity of thce balance and to
counteract zero errors. The restraining effect of the
copillary tubes is nullified by winding cach lead into a
helix and arranging them so that cach acts on tho balance in
the oppocite cense.

Theso flow-meters can be cither used as indicators or
recorders and in proctice glve excellent service. With
. earcful workmanship and accuratce machining of the orifice
plates, an accuracy of #+ 2% can be achieved.
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H. P, GAS CGII330RS

I COUCTION

The tem "high pressure gas compresuor is
usually applied to commressors delivering at over 150 1lbs/sq.
inch. Over 905 of all comprescors nade operate at belovu that
pressurc and for dutics above this fipgurc standard coupressors
are availsble only in sizes up to 150 h.p. and £,500 lbs/sq.
inch delivery oressurce. ’

All ll.v, gas coapressors are rcciprocating rmulti-
stage machines., British practice favours the multi-crank
vertical cylinder desipgn except for amall units. Continental
practice follows the single crank horizontel in line cylinders
arrangement with the machine operating at a relatively slow
speed. American manufacturers, although in the nain favouring
the horizontal single crank machine, do in some cases produce
a vertical multi~crank unit. They claim that the former type
is less expensive to mamufacturc and gives greater accessability
The latter arrangenent on the other hand leads to simpler
foundation arrangements, & morc conpact mechine and a large
saving in floor space. -

DESICI OF H.P, GAS COUPRESSQNS

Factors influenecing the design of a cornression
unit are as follows: :

(1) Cuantity end final pressurc of gas tc be conmresscd.
(2) Iaturc of the gas and its ecuation of state.

(3) Permissible or desirable discharge temmerature.

(4) Detcils of process and the manner in vhich the
gas will be utilised.

Cleuse (35) usually results in a design in uhich
the work done in cach otage is scubstantinlly the sane.

In the design of H.r. compressors the allocation
of conprescion ratios and interstage delivery pressureos is most
conveniently arrived at by graphical methods using a T ¢ dlagrac,

, The operating speed at vhich the compressor will
run is controlled by the prime mover to be used and the nmean
piston speed chosen. The actual figure for  the latter is
critical and is dictated by previous cxpericnce on the type of
piston rods, rings and cylinder materisl to be used in con-
Junction with the general construction features. The nean
pilston speed 1s usually fixed at 450-6U0 feet/mimute. Hachines
operating above this figure require increased piston and gland
clecrances vhich throws heavy loads on rings and sealing glands,
resul ting in rapid wear in addition to increasing the glend '
leaks anpreclably.

The follouing toble gives details of ").1,I,
stroke and II.P.{l, of ten comressors :
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Stroke Delivery No. of
Unit R.P.,li, Inches 11.P. S, Pressure Volume Stages
‘ ft. min ats. Lo/hr,

1, 120 24 480 55 36650 3
2. 120 24 - 480 55-260 24000 3
Be 120 27 540 300 - 6
4, 150 20 600 . 300 - 6
5. 160 18 480 55 23000 3
- 6. 160 .18 : 480 - 55-260 24000 3
7. 210 17 5956 360 1760 6
8. 245 13% 551 260 3900 6
9, . 2580 15 - 625 360 5250 5
6

10, 326 10 542 260 1300

It is noteworthy that all these machineés gave good service from
the outset with the exception of No. 9 unit. - In this instance
the high piston speed is credited with being one of the maJjor
factors responsible for a series of seizures in the initial runs,
Increased clearances were required on this unit before satis-
factory service was obtained.

Having f£ixed the operating speed snd the mean
piston speed the theoreticel volumetric efficlency - usually
0.91-0,94 - the stroke and the piston dlameters can be
determined. This leads to an evaluation of the piston rod
loads and the arrangement of cylinders,

: The layout of the ce¢ylinders is arranged in such
a way that the torque variation is reduced to a ninimum. In
six stage machines it is common practice to use three cranks
and arrange pairs of cylinders in line; where this is done
it is an advantage to pair off the cylinders in such a way that
the pressure drop between them is reduced to a minimum in
order to keep the gland leaks as low as possible, ‘

The power requirement can now be calculated.
This is made up of the sum of the power required to bring about
the change of state at each stage plus the power required to
overcoule the various frictional losses throughout the system.
This latter figure is estimated from the performance of
similar machines operating under similar conditions. An
iso-thermal efficiency of 60-65% is considered good practice.

CONSTRUCTION DETAILS

The arrangement of the bed plate, main bearings,
crank and L.P. cylinders of H.P. gas compressors follows
standard air compressor or stesm engine practice.

For the higher stagcs where the pressures
exceed 500 1lbs. per sq. in. the piston is usually replaced
by a Plunger rod and the stage made single acting. Considerable
care is expended in reducing the clesrance volume to the
lowest practical minimum at these higher stages.

The cylinders are usually C.I, for the initial

stages and cast or forged steel for the higher pressures.
In the latter case liners of good quality pearlitic C.I. or
nitrided steel are pressed into the cylinders. . Water Jackets
are supplied to all cylinders, cylinder heads, and valve chests
in well designed machines., '

| The sealing of glands, piston rods, and plungers
is achieved usually by means of sets’o% piston riﬁgs elghgggh
olde? designs of machines have used metallic packing for the
sealing of glands. "Clupet" rings consisting of a double rigg
with mitred ends are particularly satisfactory for thése  high



- 108 -

pressure conditions and with adequate lubrication and careful - .
fitting these rings will withstand a pressure drop of 10 ats.
each, Mitred Ramsbottom rings are used as an alternative to

the Clupet ring and being more robust are less easily broken
while fitting or in servicé. - Their sealing action is not so -
effective and this leads to higher gland leak losses. The rings
are usually arranged in two sets whose distance apart is :
dependent upon the stroke of the machine. ‘ '

S To seal effectively the rings must be adequately

lubricated and this is achieved by having 2-3 oiling holes let
into the wall of the cylinder at a point which is always’ :

- between the extreme rings in any position of the plunger.

The valves of H.P. compressors are usually the
multi-port spring loaded plate type for the lower stages. -
American practice favours parallel ports in the valve seat with
leaf springs; while British practice usually employs concentric
ports with spiral springs. The valve seats are of C.I., and
the plate of a stainless steel or iron, often 12% Cr.steel.

The springs can with advantage be.made from 18/8/1/1 steel as
this has a longer life than straight spring steel. Springs made
from the latter material tend to fail at the extremities, The
1ift of these valves is small and is maintained al approximately
0.10". The veloeity of gasg through the ports is important and
it is good practice to restrict its value to under 100 ft./ sec.
to keep the pressure drop over the valve assembly down to a
reasonable figure. ' :

'~ For:pressures over c¢ca. 300 lbs/sq. in. disc
valves are invariably used with concentric pemts: 12% Cr, steel. -
gives good service for the seats of these valves and a plate of
18/8/1/1 steel is desirable. Small helical springs - preferably
of 18/8/1/1 material- hold. the valve against the seat. Four
or six.of these springs may be.used depending upon the size of
the valve, Valve lifts are kept at the same figure as for the
lower préssure valves but due to the greater density of the
gases involved in the laker stages gas velocities are kept

lower and are of the order of 75 ft./sec.

Valves are normally encased in boxes or
recesses which are fitted with bolted covers for easy access
and inspection.

Reliability is a major requirement in the
performance of H.P. compressors and to achieve this careful
design involving robust construction and painstaking workmanship
are required. Such features as auxiliary oiling gear ar :
essential equipment.
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8.5 tons at 5009C., and 1 tom at 5500C., with a 1linit of 600°C.
for oxidation rosiotance and 550°C. at 250 ats. and 5250C. at
350 ats. whon hydrogen isc prosente.

vhic type ic o good forging stoocl and ic widely used
in the construction of heavy walled proosure vessCloe It is
aloo used for studs and bolts to roplece mild stecl where toaor-
ature and proscure conditions arc conducive to hydrogen attack.

Thege are torperature resistant stcele and are only
uced vheore oxtrceme terperatures arc likely to be cncountorced.
The 15¢ chroms cteol has an oxidation resistance of 700°C. and
has o limiting crecp streso at 3000C., 4000C., L4500C., 5000C.,
and 550°C., of 29 tons, 14 tons, 9 tons, 3 tons and 129 tons
reopee tively.

The 22 chrome oteel ic used for the hoatcr in the
aronia converters It is particulorly suitoblo for withstonding

the extrone termeratures encountered in theoe coils.

This stecl, clthough similar to mild steol in ito
elastic proportics, is capable of achicving a bettor grain
struc turc. 1t posseoses a slightly highor rosistanee to croep
at high temmeratures and con be used with safety up to 500°C.
at vhich terperature its limiting crcep strcss isc 5 tons.

It is usod for flanges on high prosgurg jointc where
the tormorature io liable to excced 200YC.

hrome I ae cel.

This stecl is used extensively for studs and bolto
copeeially in the covers of pressurc vessels whore the lood is
hish and tho number and sige of bolts is limited. In the
hardened and tompercd condition the studs ecan be dosigned to
carry stresses up to 15 — 20 tons/sge in. with safcty. Uhen
in the hardened and tompered condition this steel is very brittlc
and has a low impact value and ig lieble to fracture with shock.
Caces have beon knovm of larpge studs failing when aceidentally
struck with o sledge hammer during the “slogging up" process.

Studs nade from this steel are also used for high
temperaturc joints vhich are subject to temperaturenc up to 4500¢,

Augtenitic Stainlogs Stecle

?ho 18/6 type of austenitic stainless stocl is used |
oxtenoively wherc resistance to hydrogen attack or rosistance to
nitriec acid ottock is required.

In the former instance it finds extensive application
in those parts of the ammonia and mecthanol converters subject to
high tennerature. Its propertiec at elevated temperatures
are good; at LOOOC. it has a limiting creep stress of 25 tong,
at 500°C. thic figure ic 5 tons and at 600°C. it ig 3 tons,
tho 1imit for oxidation resistance is 800°C.

Deterioration in a corrosive gog ia accelerated above
450°C. The austenitic form of the iron and the fine grain
gtructure of the stecl ronder it drmunc to hydrogen attack.

- The eoefficient of thermml-exgansion is considerably
highcr than mild steel, being 17.4 x 10~® at 20°cC,
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(c.f. [1Ss 1149 x 10 ) and carc in design io necessary when
using this type of steel in conjunction with metals havinu a
lover coofiicient.

Yormally the weldi uality typco of austenitie
irons are usecd, for examnle, the 1 n?& 1/1 typoe [lore recently
on Arorican type, 187 Cr. 8% i stebiliced with 1 Cb. has

been guccosfully cmmloyed. The objoect of the addition of the
155 of Columbium or Titanium is to provont corbide procipitation
in tho eritical range of 500 < 9

The recistancc of thesc steels to nitric aecid
15 excellent and in conseguence they arc used exclusively for
thosc scections of the oxidation plant coming in contact with
nitric acid or oxides of nitrogen.

ngx'ac ®

This £inds application in the copper liquor
injector where 4t is used for the studs of tho injector rod
- pglands. It has becn used cxtensively for hollow forgings in
the monufacture of pressure vescels but no opplicationc of
this nature occur in the plants under consideration. Its high
yield point and rclatively high Izod value render it particularly
sultoble for the gland studs vhere the alternation in stresc is

likely to be congcideroble.

X 1tra;:_l._gx.

This material is used for cylinder liners on
the mnin.comnressor and also for rods on the copper liquor
injector.

The éteel used in Australia for these dutics
had the following composition:-

C ) 0035 - 0.45‘3
81 0.3% MnaXe
lIn 0.65@ MOXe
P _ 0.030$ 20X
S ~ . 0,030 mox.
p1p 8 0.2 MoXe
Cr 10,4 - 10%
Al 009 - 1.3%
o 0610 = 0,255

In the casec of copper liguor injector rods the
natorial isc heat treated to give a corc fulfilling tho following
conditions, . -

Yiold point mbt legs thon 32 tons/sg. ine.
Ult. Strecs "ou5 w o owow
Elongation " " " 16%

Reduction of area n v Log

Impact w n a 30 ft./ih.

After preparation of the rods by suitable heat
treatnent thoy arc ground to tho finished size and then nitrided
for at least 90 hours at 5000C,

This type of steel, which is particularly suitable
for nitriding, givos a case hardness of over a 1,000 Vickors.
Casc depths of 20 thousond can bc achieved.

ICT 30

This high chrome-nickel alloy is particularly
suitoble for facing the joints of H.P. lines vhich contain liguid
mcthanol. Its extreme toughnoos enables it to resist the
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heavy abradin; action of the meothonol should an incipleant lcak
occur at cny ol thece Joints. It ic devosited by clectric
welding, o 1aycr anprozimately 1/8% thick boing sufficiont. The
pipe ends aore then feoeed with - eutting tool to give thoen the
corrcet witre £iniche .

Gact 1o .

Thig mntesinl whick fieds penocral opplication
throuchout the plant for ochine cuat:;nso, andcerground plnewirk,
clce, id normnliy rood quality grey irons On the achbowl of the
£es ﬁoaermtors, hoviever, whore reosioctonce 0 abracion io
reauired, a leehonite tyc of cosiing io uueﬁ. Gitdlarly, ifor
the lincrs of the cifculators cast ivon of @ searlitic structurc
is spesificd.

ALwibro«

he corrosion rogistonce and rood ghysieal grojpertico
of this non-forrouc alloy render it sarticalarly saitcble ag a
general ournose materinl for condeunser and heat intcrchancer tubeoe

Luntz Jietole )

ZThic matoriald £indc cpplication only in the wionlo
convertor vhen 4t ic used in the conctreuetion of tho olectrodes
pacoins throush the top cover to the hoater elements. Its
riechanical »romeortios ot elevated toperatures are poor; bdbut
the conditions under which it ic used are not ardwus ag it is
protectcd against excessive theraal ocffcets by woter coolinge

SPECIAL TYPES OF CORROSION - HYDROGEN ATTACK.

Gooes rich in hydrogen ean produce the effect of
c.brittling, deearburising and fiscuring in steel..

che following foctors affecet the rate of ottocki--

le Droosurc

2. Terperature

5« Commooition of the steel

Le Strecturc of tho soteel

95« Stroccses in the stocl cections..

“he ncchaais:lof the cttoek ic tho formation of
hyarocorbons by the cocbination of the hydrogen vith corbides in
thie ctocl.

Precsurce “he poarticl srpessurc of the hydrogen has
o materlnol efiect on the rate of attacks Gindlarly, at high
sartial procsuvos the hydrogon attoeks steel at nuel lover
termoratures than those causing attack at normnal prossurce Caaes
have been knovn of hydrogen attoelzing. steel at atmos;hcvie
temmerature at 4,000 atc. pressurcs  Appreciable attoez can occur
at 200°C. when the procoure io 350 atse., ond the cor: es§0ﬁding
tomcraturo at 250 ats. ic 2509Ce.

Slormera %gre. Ag with yrescurc, the higheor the
temperoture the greator the rate of attaek.

Appreeioble attock occars with nilld stecl ot
atmosphoric nrescure whoen the tormeraturce oxcceds 5599C.

. Cact iron will withotond hydrogon at low nrecsurcs
ap to L400OC.
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Comnonltion of the stenl. The chrordiun bearing
carbide is more resistant to hydrogen attoek thon the iron carbide;
the roplstanec iuncrcasing with the incrcase of the chromium :
contents For thio rcacon, chrorme and chrome- moly. oteclo are
uced in circumstonces when hydropen would attack straight
carbon steclc.

30 - [0 otesl io the mormal matorial for industrinl
use in these clircunctances and gives satisfactory service
up to 550°C.. at 350 ats.. A rcductisn im the earbon content
inercages tho roeslstonco of the ctocle Two types of 35 Cr = [
stecl are uscd, onc having 0.15 = 0,207 carbon which ioc suitable
for sorviec up to 5500C. and the other 0.20 - 0.253 earboan which
is suitable for corvice up to 450°C.

1l - Cr - I’0 stecl and similar alloys have better
rceistonce than LS. . Addltions to the stecl commocition which
form a stoble resistant carbide repult in lmmrovemcont in rosistance
to hydrogen attocke  Colordium, Titaniun ond Vanadium are
examnles of those clemento.

Structure of the gteecls The coarscr the otructurc the
more rcadlily hydrogen will attack otecl; thus in [1.S. the
liniting temperature may bo inercaced by 1000C. in a fine graincd

atoel eormarced with o eoarse groined stocl of the corie epiwosition.

If the grain structurc has becn coarscned, Qg
froquently heppens in the vicinity of welds, the effcet will
bo an accclerated attacks

_ The hardened and termmercd condition is rost resistant
to the effect of hydrogcn.

Strcas in tho gtgel. The chief effect of high ctroso
in otecl subjected to hydrogen attack is to propopate fissuring
and accclerate foilure. ~ the formation of fissureo 2lso provides
additionnl avenucs for attacke These cracks are developecd within
the stecl by local high prossures of hydrogen or gaseous rcaction
productse. ' ' :

Jtecl subjected to no apprecinble stress still csufforg
hydrogen attack; however, in this instonce the fiscuring and
disintegration toles much longer.

Zorn of Lttack.

, The first stop in the attack by hydrogen io the
cbsorption of hydrogen. In .8. this causes erbrittlencnt.
The next sotoges are decarburisation and fiscuring with conseguont
very cevere logs of strength and ductility. ’ith high
tameratures and low otresses dectrburisation precedes fisouring.
Then thc stresscs arc appreciaoble ficcuring gencrally proeedes
decorburisation.

3,5 Gre. %o stocl is not crbrittlcd by hydrogen
obsorption within the allowable limitc of operntion but the
absorption of hydrogen doeos affcct its welding qualities. “hese
cam be reotorcd by releasing the hydrogca by heating to 650°C.
for holl to one hour. :

ATTACK BY AMMONTIA GAS.

Gascs contulniag srisonic arc capable of attacking
ctecloc by nitriding ot eolevated temperaturess At 250 ats. and
above 5500C. 3. Cr. o stecls have been nitrided by gas contalning
273 arrzoniae 18/8/1/1 stoinless stecl ic similarly ottacked but
to o leocer cxtont. Spraying the curface of the stecl with
aluminiun has becn found to be benefieclal in some Gpplicationse.
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