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INTRODUCTION

The Ammonia Removal Facility was installed to remove the
gaseous ammonia (NH,) from the coke oven gas produced in
the coke battery.

The removal is achieved by passing the coke oven .gas
through an ammonia absorber in which the gas is sprayed
with a sulfuric acid (H,S0,) solution. The sulfuric acid
reacts chemically with the ammonia in the gas to form
ammonium sulphate (NH,),SO, which remains in solution with
the sulfuric acid 01rculat1ng through the absorber.

Over the 20 hour cycle, the acid circulating tank in
operation becomes filled with a solution of H;80,
containing about 39% (by weight) of ammonium sulphite.
At this stage, the residual acid is neutralized with the
injection of agqueous ammonia. The tank contents are then
transferred by pump to a loading out tank from where it
is loaded out for sale. A standby circulating tank is
brought into operation to ensure that removal of the
gaseous ammonia from the gas is virtually continuous.
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2.0 GENERAL DESCRIPTION OF PROCESS

Refer to the Plplng and Instrumentatlon (P&I) diagrams
#C7541 and C7542 in Section 8.0." . The process line
drawing in Section 9.1 provides a summary of the process
flows and temperatures.

Coke oven gas at a temperature of 140°F and a pressure of
approximately 50 in. w.g. enters the bottom of the gas
absorber and rises through it against a descending spray
of 4% sulfuric acid in 4 separate spray stages. The coke
oven gas then passes into the enlarged upper portion of
the absorber which has a greater cross-sectional area to
permit the acid droplets carried forward from the sprays
to fall out before the gas goes forward to the secondary
gas cooler. An entrainment arrestor is provided in the
absorber to further prevent the | carryover of acid
droplets. The entrainment arrestor is* fitted with
4 water sprays to facilitate the cleaning of the arrestor
in the event of blockages. These sprays are activated on
an "as required" basis.

Acid Recirculating System

The circulating liquid (4% sulfuric acid/ammonium
sulphate) is drawn from one of the three circulating
tanks through a 10" diameter suction line to,either of
the two ammonium circulation pumps and fed through a
v 10" delivery line to the ammonia absorber. The delivery
line is divided at the absorber into two lines, one 8"
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GENERAL DESCRIPTION OF PROCESS (continued)

diameter 1line feeding the 1lower 3 sprays through
3-3" diameter lines, and a 4" diameter line feeding a
4" diameter spray at the upper part of the absorber. The
resulting spray of 4% acid removes the gaseous ammonia
from the coke oven gas to form ammonium sulphate which
remains in the acid circulating liquid as a dissolved
solute. The acid circulating liquor leaves the base of
the ammonia absorber through the 10" diameter seal leg
and flows via gravity through the 12" diameter return
line to the circulating tank in operation.

The removal of the gaseous ammonia from the gas with the
formation of ammonium sulphate will result in a reduction
in the strength of the circulating acid. This strength
reduction is compensated by the introduction of strong
sulfuric acid (72%) in a ratio to ensure a®4% H,SO, level
in the circulating tank through separate feed lines. The
volume of make-up is controlled by the output data from
the Autotitrator which measures the acid strength in the
acid recirculating lines to the absorber, and modulates
the preset feed (3.2 gpm) to the system as required. It
is essential to maintain the 4% strength of the acid to
avoid slippage of gaseous ammonia past the absorber.

The ammonia sulphate concentration is monitored
indirectly by tracking the circulating liquid density
with the on-line density meter. The density  is
controlled by occasional mill water additions.

The constant make-up of acid to the circulating tank will
eventually f£ill it to its pre-determined maximum safe
level and the tank level indicator will indicate the need
to isolate the on line tank and actiwvate the standby
tank. The standby tank will have been charged with the
required 4% acid solution. This williallow circulation
to the absorber to continue uninterrupted.

The isolated circulating tank containing the ammonium
sulphate and the residual 4% acid is neutralized by the
addition of an aqueous ammonia solution (27%). This
addition is controlled by the pH recorder fitted to the
base of each circulating tank.

The neutralized contents of the off-line circulation tank
are then transferred through in-line filters to one of
the two ammonium sulphate load out tanks using either of
the two ammonia solution pumps. Two load-out pumps and
truck loading station are provided for removal to sale.
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220 GENERAL DESCRIPTION OF PROCESS (continued)

Three (3) circulating tanks are provided, one of which is
always on-line circulating to the absorber, one is primed
with 4% acid, ready to go on line when the working
circulating tank is full, and one is in the process of
being neutralized or transferred to the ammonium sulphate
storage tank.

The three (3) ammonium sulphate/acid circulating tanks
are provided with an emergency overflow, which is common
to all 3 tanks. The overflows discharge by gravity to
the existing settling tank from where the overflow liquid
can be recovered and returned to either the circulating
tanks or the ammonium sulphate storage tanks.
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START-UP PROCEDURE

Preliminary Activities

It is assumed that all new equipment has been cleaned,
checked and tested and that the ammonia absorber is
by-passed. :

1 88 Check that adequate supplies of all the necessary
reagents and services are available, and that all
instruments, pumps, and other necessary equipment
are functioning correctly.

2. Check that all inlet and outlet valves on the
circulating tanks and circulating pumps are closed,
including the spray system valves at the absorber.

3 Check that the isolating wvalves for the strong
acid, mill water, and aqueous ammonia are also
closed.

Filling the Circulating Tanks

Select the tank to be activated and open the inlet valve
on the mill water feed to the tank. Open the isolating
valve for the mill water supply and close the isolating
valves for the control valve L.C.V. 308 and open the
by-pass valve, thus allowing water to flow to the
circulating tank.

Activate the steam injection system to the water supply
line and monitor the water flow from the flow indicator
(F.I. 308) until the required volume of water hasg been
fed to the circulating tank (approx. 2,000 gallons) and
stop the supply when this volume has been reached.

" :

Set the control station F.C.V. 308 with the flow at the
10 gpm rate (Line No. A.A. 32-102). The isolating valve
on the strong acid supply line can now be opened and the
selected strong acid feed pump can be started after the
supply to the settling basin has been isolated. Monitor
the supply of acid to the circulating tank using the
fieter at the WIC.V. statiom: (BIC.V.. 308)  (approx.
71 gallons) .

Allow approximately 15 minutes for the tank mixer to
thoroughly mix the strong acid and water and distribute
the heat of solution. A sample of this liquor should be
manually titrated to confirm the concentration.
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START-UP PROCEDURE (continued)

Start the Mixer on the Circulating Tank

It should be noted that the first £ill of liquor to the
circulating tanks must be 2,500 gallons to allow for the
"dead" portion of the tank (i.e, from the tank base to
the suction branch). Subsequently, fills will only need
to be 2,000 gallons total. The first £ill will therefore
be 2,500 gallons of mill water and approximately
89 gallons of sulfuric acid.

A strong warning must be made that the water addition
must always be made before the acid addition. Water
addition to a strong sulfuric acid solution can lead to
a large release of heat energy with possible pressure
increases and/or explosion potential.

The circulation to the absorber can now commence. Open
the 10" suction line at the circulating tank and prime
the selected circulating pump. Open the 6" and 4" line
valves in the supply line to the absorber spray system
including the 3 isolating valves to the individual
sprays. Start the pump and slowly open the delivery line
valve and check the individual pressure readings on the
absorber sprays and adjust as necessary CO ensure even
distribution of the spraying liquid.

Monitor the circulating tank level using the tank level
indicators (318, 319 or 321, as appropriate) to ensure
adequate volume remains after the system has been
charged. »

Check the acidity level of the circulating liquid® using
the Autotitration readings.

The system is now ready to be used to remove the gaseous
ammonia from the coke oven gas.

The absorber must be purged using either the incoming gas
against a closed outlet valve or by the injection of
inert gas through the purge connection at the bottom of
the absorber. After the purge is complete, gas can be
admitted to the absorber and the process is in operation.

The automatic acid make-up system using the Autotitrator
must now be activated. The control system F.C.V. 204 is
set to the calculated make-up rate of 3.2 gallons/minute,
and the titrator readings will cause the control valve to
modulate this figure to maintain the acid strength of the
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START-UP PROCEDURE (continued)

circulating liquid at 4%, by the increase/decrease in the
72% acid flow to the circulating tank. In order to keep
the circulating system stable while removing ammonia from
the gas and creating ammonium sulphate, it is essential
to control the (NH,),SO, concentration as a function of
time to insure that it does not exceed the designated

39% level by the end of the cycle. The (NH,),SO,
concentration can be monitored and controlled via the
solution density. Without any water additions, the

(NH,) ,80, concentration would build up too rapidly leading
to prec1p1tatlon problems. The higher density of the
liguid would require the addition of a controlled amount
of water. However, the addition of the ammonia rich
steam vapors from the ammonia still adds a substantial
amount of water vapor to the system, which may eliminate
the need for water additioms.

The water loss from the system due to saturating the
superheated incoming coke oven gas must also be
considered. The density recording element D.E. 204 will
indicate the necessity for water addition. The
theoretical Material Balance Table in Section 9.2 should
be used as a guide to the density of the circulating
liquor and its specific gravity in relation to the time
elapsed in the absorbing cycle, and the need to make a
water addition.

In the event that water addition is needed on a temporary
basis, this can be provided using the by-pass line to
LCV 308 for approximately 2 minutes (200 gallons).
However, in the event that the material balance reveals
a need for water make-up on a continuous basis, the
following options are available:

: Increase the ammonia still head temperature.

2. Inject a controlled amount o©f steam into the
incoming coke oven gas main.

3. Inject water on an hourly basis as described for
temporary make-up.

4. Inject water through one of the spray arrestor’s

wash water nozzles.

The acidity, density and specific gravity of the
circulating liquor must be monitored throughout the
absorbing cycle until the level indicator (LE 318, 319,

321) shows that the circulating tank has reached its
maximum safe level and must be isolated. This will
coincide with the density of approximately 39% and a
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3.0 START-UP PROCEDURE (continued)

specific gravity of 1.23 at about 20 hours into the
absorbing cycle. The aim final (NH,),SO, concentration of
39% for the circulation stage has been developed as the
optimum with respect to product quallty and operating
constraints. Details are provided in Section 7.1.

The full tank should now be isolated and the return flow
from the absorber diverted to the standby circulation
tank which has been prepared. The valve on the suction
line from the standby tank should be opened and the valve
on the full tank closed. The full tank is now ready for
neutralization and the meter measuring the aqueous
ammonia to the full tank should be set to pass
approximately 816 gallons of 27% strength ammonia at the
pump rate of 30 gpm. The feed rate is lowered near the
end to safely bring the tank to a totally neutral
condition in approximately 60 minutes.

The Material Balance Table in Section 9.2 should be used
to control this operation in conjunction with the pH
recorders AE 318,319, 321. The full tank is now ready

‘~' for transfer to the ammonium sulphate storage tanks. The
selected ammonium solution pump should be opened up to
the full tank and the selected filter also opened to the
outgoing flow, with the ammonium sulphate storage tanks
valved in to receive the neutralized liguor.

When the transfer is completed, the ‘air injection/
agitation system must be activated and the empty
circulation tank filled with the 4% acid solution as
standby.

This completes one cycle of ammonia removal and sulphate
production. The procedures are repeated continuously in
this manner.

4.0 PROCESS CONTROL SYSTEMS
Refer to P&I diagram #7541 in Section 8.0.

The control of the system fequires that two major
parameters be established and maintained to ensure safe
and successful operation.

. 3 The circulating acid/sulphate ' liquor must be
maintained at an acidity level of 4%. This will
k;_ * ensure that the concentration of ammonia in the gas
exiting the absorber will not exceed 5 grains per
100 cubic feet.
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PROCESS CONTROL SYSTEMS (continued)

2% The (NH,),SO, content of the acid/sulphate
circulating liquor must not be allowed to exceed
39% and the specific gravity kept below 1.23. This
will allow the (NH,),SO, level to be below 42% after
neutralization. (NH,),SO, will not precipitate upon
cooling to 68°F if the concentration is kept below
43.8%. This level will normally be reached after
the circulating tank on-line has been in operation
for approximately 20 hours.

These required conditions are established and maintained
in the case of the circulating liquor acidity by the
action of the Autotitrator AIT 416, which continuously
monitors the liquor acidity to the absorber sprays and
transmits signals to the flow control valve (F.C.V. 204),
which then increases/ decreases the acid make-up flow to
the on-line circulating tank as required.

In the case of the acid/sulphate liquor density, this is
continuously monitored by the density meter (DE 204),
which records and alarms any abnormal increase in
density.

Additionally, the density recorder will transmit a signal
to shut down the acid/sulphate circulating pumps when the
"High High" level of density is reached. These pumps
will also be shut down in the event of a "High High"
level being reached in the run-off seal leg from the
absorber base Level Alarm System (L.A. 204).

The density control system will only alarm or shut down
the system when absolute density limits are exceeded. At
this point, significant quantities of water must be added
to lower the (NH,),SO, concentration or the circulation
tank must be taken off line. It is therefore imperative
that the operator routinely monitor the density. The
density, as a function of tank volume, can be compared to
the standard values contained in the Material Balance

Table in Section 9.2. The operator can use the
information to make small, timely water additions to keep
the system in control. Sample density and specific

gravity control SPC charts are included in Sections 9.5
and 9.6 as a guide for this procedure.

The level indicator (L.E. 318, 319, 321, as appropriate)
will send a signal to the acid/water control station
F.C.V. 308 and L.C.V. 308, which will shut off the supply

A




& KRUPP WILPUTTE
CORPORATION

Division of Krupp USA. Inc.

)

4.0 PROCESS CONTROL SYSTEMS (continued)

of acid and water make-up to the circulating tank
on-line. It will not, however, stop the circulating
pumps, which, if allowed to continue, will bring in
additional volumes of (NH,),SO, from the absorber and
cause overflow of the tank and/or high (NH,),SO, levels.

The high alarm signal from LSHH 318, 319, 321 will
indicate that a tank switch must be made immediately.
Careful attentive operation will avoid this situation by
the use of the Material Balance Tables and checking the
leveltindicator (L.I. 318, 319, 321).

Each circulating tank is fitted with a temperature
measuring element (T.E. 318, 319, 321) which maintains
the accuracy of the ultrasonics in the level indicators
by compensating for temperature changes in the liquid.

The level indicators and the liquid density recorder will
indicate that the on-line circulating tank is ready to be
isolated and the next circulating tank brought into
operation.

&h— Neutralization of the full circulating tank taken
off-line is affected by the injection of agueous ammonia
into the full tank. This addition is controlled by the
Flow Indicator Control 323 located in the feed line from
the aqueous ammonia feed pumps to the full circulating
tank. The Flow Meter (F.E.323) is set to pass the
calculated volume to neutralize the residual acid in the
ammonium sulphate/acid liquor full tank. The progress
and completion of this process is monitored by the pH
analyzer (A.E. 318, 319, 321, as appropriate), which is
located in the base of eac’ circulating tank. The
analyzer transmits a signal to the Flow Control
Valve 323, which modulates the feed of aqueous ammonia to
the tank to complete neutralization.

hr ol ales B s - -
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NORMAL OPERATING PROCEDURE

The normal operating condition will ensure uninterrupted
removal of the gaseous ammonia from the coke: oven gas
with the production of ammonium sulphate in an agueous
neutral solution.

The neutralization of the circulating acid/sulphate
liquor and the transfer of circulating tanks is, however,
a batch process which requires the changeover in cycles
of approximately 20 hours.

The neutralization process requires approximately
60 minutes and need not be carried out immediately,
provided that the third of the circulating tanks is
primed with the necessary circulating " liquor. The
transfer of the neutralized ammonium sulphate to the
storage tanks for load out takes approximately

80 minutes.
o

During the circulating stage of a particular tank, it is
necessary to check on an hourly basis the circulating
liquor acidity to ensure that the 4% acidity is being
maintained and that the density of the ligquor is in
accordance with the tank volume and the time elapsed from
the commencement of the tank circulation. The Material
Balance Chart in Section 9.2 should be studied for
guidance in this respect.

As the on-line circulating tank approaches its maximum
capacity, the suction valve feeding the standby
circulating pump should be opened and the pump primed.
The pump should be started, the delivery valve opened
slowly and the delivery valw the on-line pump closed.
The inlet valve to the new O ne tank can now be opened
and the full tank inlet valvegBlosed.

To complete the changeover, the Hand Switch (HS 1) must
be switched to the new tank to activate the new level
measuring/control device.

At this stage it is advisable to pump out the neutralized
tank and transfer the contents to the ammonium sulphate
storage tank to make this circulating tank available for
filling with the 4% acid solution ready for the next
changeover. This procedure should be carried out as
stated in the start-up instructions in this wmanual,
except that the control system L.C.V. 308 will. be
temporarily isolated to allow the mill water by-pass line
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DAILY TESTS AND DATA COLLECTION

During the normal operating period, the following tests
should be carried out:

Manual titration on samples of the circulating liquor to
confirm the accuracy or otherwise of the Autotitrator
must be made once per shift and results recorded (the
equipment for manual titration must always be readily
available in case of malfunction of the Autotitrator).

Similar density or specific gravity checks must also be
carried out. This can be done by weighing a known volume
of solution.

Ammonia concentration in the coke oven 'gas should be
checked, if possible, together with the gas outlet
temperature of the primary coolers and exhausters.

The flow rate and NH, composition of the ammonia liquer
feed to the stills and the residual total ammonia in the
still effluent should also be monitored to provide
information on the NH, loading from the stills to the
absorber.

13
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SPECIFICATION AND QUANTITIES
FOR NORMAL OPERATION

Design Basis

Coke Oven Gas Inlet
Flow Rate (dry)
Inlet Temperature
NH, Content

NH, Still Vapors
NH, Vapor Flow Rate
H,0 Vapor Flow Rate
Temperature

Coke Oven Gas Outlet
Flow Rate (dry)
Outlet Temperature
Saturator

(NH,) ,SO, Production
H,S0, Consumption

Service Requirements

H,S0, (72%)
Aqueous Ammonia (27%)

Millwater

150 lbs. Steam
480 volt Electrical Energy

OF MATERIALS AND SERVICES

30 MMSCFD (20,833/scfm)
L3PCRE(55°C)

7.44 lbs./min.

(Z50v gl /100, cu-: £t.)

2.42 1b./min.
13.71 1b./minY
approx. 200°F

30 MMSCFD (20,833 SCFM)
140°F (60°C) y

37.7 1b./min (27.1 ton/day)
28.0 1b./min (20.2 ton/day)

3,911 gallons/tank cycle
816 gallons/tank cycle
979 gal/day

20 gpm/(max.) plus tank
£il1l (2,000 gallons)

(NH,) ,SO, Concentration Requirements

Product quality requirements

- Producing a 90010
guaranteed minimum 9%

grade

product requires a
NH, = product. Thas. is

equivalent to a 35% (NH,),SO, minimum at all times.

- producing a 90010 grade product will result in an

increased value',
80010 grade product.

product over the

current

)

- The 10% SO,/PO, requirement should always be met
(greater than '14% (NH,),SO,)".

14
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MATERIAL BALANCE AND PROCESS TABLES

Line Drawing of Process

FRSG Ok /
Material Balance Calculations for Typical Operation
o 8

Expected Density vs. Tank Volume for Typical Operation

Expected Specific Gravity vs. Tank Volume for Typical
Operation

Density Control SPC Limits vS. Tank Volume for Typical
Operation

Specific Gravity Control SPC lelts vs. Tank Volume for
Typical Operation
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Time
(min)
0
20

920

980
1000
1020
1040

1080
1100
1120
1140
1160
1180
1200

Volume
(ga)
2065.6
2212.4
2361.0
2511.0
2661.9
2813.6
2965.8
3118.6
3271.8
34253
3578.1
3733.1
3887.3
4041.6
4196.2
4350.8
4505.6
4660.5
48154
4970.5
51256
5280.7
5436.0
5591.3
5746.6
5901.8
6057.4
62128
6368.3
6523.8
6679.3
6834.9
6990.5
7148.1
7301.7
7457.3
7613.0
7768.7
79244
8080.1
8235.8
8391.5
8547.3
8703.0
8858.8
9014.6
9170.4
9326.2
9482.0
9637.8
9793.6
9945.4
101053
10261.1
10417.0
10572.8
10728.7
10884.5
11040.4
11196.3
11352.2

TR
Density Control Limits
Density
. (Ib/ftA3)

Lower Aim - - Upper

Limit "».s,}% “Uimit
59.7 § . 660
611 843 = 675
622 .65.5 68.7
63.1 66.5 69.1
64.0 67.3 70.0
6547 = 881 70.8
66.0 88.7 71.5
66.6 69.3 721
67.1 69.9 72.7
675 70.3 72.4
87.9 70.8 72.9
68.3 71.1 733
88.6 71.5 72.9
68.9 71.8 73.2
69.2 721 73.5
69.5 724 73.8
69.7 726 74.1
63.9 72.8 74.3
70.2 7341 74.5
70.3 73.3 747
705 735 748
70.7 738 75.1
70.8 738 75.3
71.0 74.0 74.7
713 74.1 74.9
71.3 74.2 75.0
71.4 74.4 75.1
71.5 74.5 75.2
72.4 74.6 75.4
725 74.7 75.5
72.6 74.8 75.6
72.7 74.9 75.7
72.8 75.0 75.8
72.3 75.1 75.8
73.0 75.2 76.0
73.0 75.3 76.1
73.1 75.4 76.1
732 755 782
733 75.5 76.3
733 75.6 76.4
73.4 75.7 76.4
735 75.7 765
73.5 758 766
74.0 75.9 75.9
74.0 75.9 75.9
74.1 76.0 76.0
74.1 76.0 76.0
742 76.1 76.1
74.2 76.1 76.1
74.3 76:2 76.2
743 76.2 76.2
74.4 76.3 76.3
74.4 76.3 76.3
74.4 76.4 764
745 76.4 764"
74.5 76.4 76.4
74.6 76.5 765
746 76.5 76.5
748 76.6 76.6
74.7 76.6 76.6
74.7 76.6 76.6

o |

yr




- ‘:I.w'w— e

®

Time
(min)
0
20
40
60
80
100
120
140
160
180
200
220
240
260
280
300
320

340
380
380
400
% 420
440
460
480
500

520
540
560
580
600
620
640
660
680
700
720
740
760
780
800
820
840
860
880
2 900
920
940

1000
1020
1040
1060
1080
1100
1120
1140
1160
1180

Volume

(gal)

' 2065.6
22124
2361.0
2511.0
2661.9
2813.6
2565.8
3118.6
3271.8
3425.3
3579.1
3733.1
3887.3

6057.4
6212.8
6368.3
6523.8
6679.3
6834.9
6980.5
71486.1
7301.7
7457.3
7613.0
7768.7
7924.4
8080.1
8235.8
8391.5
8547.3
8703.0
8858.8
9014.6
9170.4
9326.2
9482.0
9637.8
9793.8
9948.4
10108.3

10261.1 |

10417.0
10572.8
10728.7
10884.5
11040.4
11186.3
11352.2

Specific Gravity Control Limits
Specific Gravity
Lower . i m g i U_pper
Limt © & 8N Limit
086 - 1.0 1.06
0.98 ? ( 1.08
1.00 © 105 1.10
1.01 R ¢ 1.1
1.03 1.08 1.12
1.04 1.09 1.13
1.06 1.10 1.15
1.07 1.1 1.16
1.07 1.12 1.16
1.08 1.13 1.16
1.08 1.13 1.17
1.09 1.14 1.17
1.10 115 1.17
1.10 1.15 1.17
111 1.16 1.18
1.1 1.16 1.18
1.12 1.16 1.18
1.12 1.97, 1.18
1.12 1.17 1.18
1.13 1.17 1.20
113 1.18 1.20
113 1.18 1.20
1.14 1.18 1.21
1.14 1.19 1.20
1.14 1.18 1.20
1.14 1.18 1.20
1.14 1.18 1.20
1.15 1.19 1.21
1.16 1.20 1.21
1.16 1.20 1.21
1.16 1.20 1.21
1.16 1.20 1.21
1.17 1.20 1.21
1.1 1.20 1.22
1.17 1.21 1.22
1.17 1.21 1.22
1.17 1.21 1.22
1.17 1.21 1.22
1.17 1.21 1.22
1.18 1.21 1.22
1.18 1.21 1.22
1.18 1.21 1.23
1.18 1.21 1.23
1.19 1.22 1.22
1.18 1.22 1.22
1.18 1.22 1.22
1.18 1.22 1.22
1.19 1.22 a2
1.18 1.22 51.22
1.19 Y22 A 1.22
1.1S 1.22 1.22
1.19 1.22 1.22
1.18 1.22 1.22
1.18 1.22 TEX 3
1.18 1.22 1:22%55
1.18 1.22 1.22
1.18 1.23 1.23
1.20 1.23 1.23
1.20 1.23 1.23
1.20 1.23 1.23
1.20 1.23 1.23

-y
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