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Modification of DRI Product Cooler to Improve
the Cold DRI Production Rate Using TOM Tools

Dr. C Thotappa, Siddaram Reddy, Rajan Chola

Abstract— This paper focuses on improving cold direct reduced iron (CDRI) production rate. Product Cooler vessel in the CDRI route cools the DRI
produced in the Furnace from 600°C to atmospheric temperature. Due to insufficient cooling of DRI in Product Cooler, hot product is discharged on the
belt conveyor causing damage to conveyor belt, oxidizing of the DRI to remet (DRI of low metallization) Safety concern due to fire incidents and
productivity losses. Hence to improve the efficiency of CDRI production trough existing product cooler TQM tools like cause and effect diagram and
scatter plot have been applied for analyzing the root cause of hot product through product cooler and implement the best possible solutions. Results of
analysis indicate the need for modification of product cooler to increase the cooling efficiency which in turn leads to increase in production rate.

Index Terms— Direct Reduced Iron(DRI),Product cooler, Cooling gas, Cold Direct Reduced Iron (CDRI) ,Cause and Effect diagram, Scatter Plot,

Off- take temperature, Hot Direct Reduced Iron(HDRI), Bustle Gas.

1. INTRODUCTION

1.1 Product Cooler
The furnace discharge leg feeds material directly into the
product cooler through the furnace product diverter (FPD)
and the product cooler feed leg as shown in the following
figure 1.1
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Fig 1.1: Furnace Product Diverter

The product cooler is connected directly to the furnace
lower discharge leg and is full of DRI at all times. The
product cooler is designed to cool hot reduced material
from the furnace to less than 60 °C before it is discharged to
conveyors for transport to the storage facilities. The product
cooler is designed very much like the cooling zone of the
standard MIDREX Plant (cold discharge). It resembles the
lower cone of the furnace but is an external unit with a
domed roof. Incorporated into the roof is the product cooler
feedleg, two cooling gas off- takes, gas sampling device,
and nozzles for three sets of thermowells. Also located in

the cooler are two sets of burdenfeeders (middle
burdenfeeders and a lower burdenfeeder). The cooling gas
bustle and distributor is located above the middle
burdenfeeders as shown in figure 1.2 below.
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Fig 1.2: Product Cooler Vessel

1.2 Cooling Gas Distributor

The cooling gas distributor is located in the center of the
product cooler just above the middle burden feeders as
shown in above fig 1.2. It forms a uniform annulus between
the walls of the furnace and the distributor to evenly
distribute the cooling gas. These orifices are sized for a
relatively high pressure drop compared to the pressure
drop through the bed, ensuring an even distribution of
cooling gas. A smaller pipe injects cooling gas upwards into
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the center of the bed to ensure even cooling of the product.
The cooling gas distributor as shown in fig below also acts
as a flow aid device to ensure mass flow. The distributor
slows material flow in the center of the cooler and increases
material flow along the cooler walls.

Fig 1.3: Gas Distribution Assembly
1.3 Cooling Gas Circuit

In the DR Shaft Furnace oxide feed material is converted to
DRI as described before. After passing the furnace the DRI
enters the cooling zone (Product Cooler). In the Product
Cooler the hot reduced iron is cooled down by counter flow
contact with the recycled cooling gas to prevent rapid re-
oxidation and to facilitate handling and storage. The
product is discharged at a controlled rate by a vibration
feeder after passing the lower dynamic seal leg. The hot,
dust-laden cooling gas leaves the Product Cooler at an
elevated temperature through the Cooling Gas Offtakes
and is scrubbed and cooled in the cooling gas scrubber.
After compression it is recycled to the DR Furnace and
there fed to the cooling zone via the cooling gas distributor.

Table 1.1: Typical Cooling Gas composition

Constituent Volume%
CO 16.0
CO2 3.0
H2 38.0
H20 5.0
N2 34.0
CH 46.0

Cooling Gas circuit consists of following equipments:
* Cooling Gas Scrubber (CGS)

* Cooling Gas Compressor (CGC)

* Cooling Gas After Cooler (CGAC)

* Cooling Gas Mist Eliminator (CGME)
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2 PROBLEM IDENTIFICATION

e DRI plant has been designed to produce 127 tons per
hour of HDRI along with 20 tons per hour of CDRIL

e CDRI route has also been designed to handle 147 tons
per hour in case of non availability of HDRI route.
However since commissioning of DRI plant, CDRI route
has been unable to handle more than 60 tons per hour,
even for short intervals, thus forcing us to reduce
production rate in case of non availability of HDRI
route.

e Product Cooler vessel in the CDRI route cools the DRI
produced in the Furnace from 600°C to atmospheric
temperature. Due to insufficient cooling of DRI in
Product Cooler, hot product is discharged on the belt
conveyor causing damage to conveyor belt

e Oxidizing of the DRI to remet (DRI of low metallization)

e Safety concern due to fire incidents

e Reduction of pellets using Corex Gas and Coke Oven
Gas, produces DRI, which is then diverted into two
routes:

0 to SMS3 for immediate consumption, and

0 to Product Cooler for cooling and passivation
for later use. Insufficient cooling in product
Cooler leads to Hot Product which incurs
Productivity losses.

e Due to this more than 150 tons of Hot Product has been
generated every week.Net hot product generated was
7500 tons per year and the loss incurred was 1.8 crores.

3 METHODOLOGY
3.1 Analysis by Cause and Effect Diagram

Brainstorming was done with team members to list
down probable causes for the hot product generation.
Then it is put in the form of cause and effect diagram as
shown below in figure 3.1.
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Fig 3.1: Cause and Effect Diagram

The reason H2 and CH4 are used for stabilization of
furnace reaction temperatures and as cooling agent in
the product cooler is because when H2 undergoes
oxidation reactions and CH4 wundergoes cracking
reactions, the ambient temperature decreases as a result
of endothermic reactions as shown below

H2+(1/2)02 —>  H20 AH°298K = -286 kJ/mole

CH, -C +2H, AH%, .
C+10, - CO  AHZ,
C+0,-C0, AHZ,

75 kJfmol,

111 kJ/mol,

283 k]/mol.

Table 3.1: Cause Analysis Table
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14 Introducing baffles in

Product

Cooler to increase cooling
effectiveness of Cooling gas.

1.5 Increasing volume of

Product
Cooler.

1.6 Introducing nozzle plate

in

product Cooler to facilitate
additional cooling in secondary
phase.

21 Merging Corex gas line

with

Coke oven gas line at gas take-

over

point for optimum use of
reducing gases.
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: : . 3.3 Solution Selection Matrix
3.2 List of Possible Solutions
. . Sigma | Time | Cost Evaluation
S. Probable Possible solutions 8 . /
No impact | benefit
Causes impact impact | criteria
1.1 Increasin flow of
& 10 8 6 Importance
Coke
Oven Gas in cooling gas
circuit.
Cooling 1.2 Introducing center Validated Cause Correlation of | -Total -
plate in solution to criteria
gas CH4 China Hat. :
13 Keenine CDRI Increasing flow 5 3 1 80
. eepin
~eepmg of Coke Oven
Production . .
Gas in cooling
below 40 tons per hour to s
Hmi gas circuit.
optimize -
pH Introducing 10 6 6 154
cooling. .
center plate in
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China Hat.

Keeping CDRI 2 3 3 62
Production
below 40 tons
per hour to
optimize
cooling.

Introducing 10 8 6 200
baffles in
Product Cooler
to increase
cooling
effectiveness of
Cooling gas.

Increasing 8 2 4 120
volume of
Product Cooler.

Introducing 9 7 6 182
nozzle plate in
Product Cooler to
facilitate
additional
cooling in
secondary phase.

Merging Corex 8 1 1 94
gas line with
Coke oven gas
line at gas take-
over point for
optimum use of
reducing gases.

Keeping  total 2 6 1 74
DRI Production

constant to

compensate for

incoming

sources of

variation in

composition in
the Corex and
Coke oven
gases.

Top 3 solutions have been selected for implementation
3.4 Modification of Product Cooler

Presence of hot spots is very evident in this part of the
product cooler. The thermography results proved that
there was uneven distribution of heat. As can be seen from

the results, there is no uniformity in distribution of heat.
Thus, the decision to opt for an infrastructure
improvement project was taken. The cooling of Hot DRI
takes place in counter flow direction and 3 step
modifications is implemented to improve cooling
efficiency of Product Cooler so as to achieve uninterrupted
product in full capacity.

The 3 stages of modification include:

1. Baffle plate introduction- for better circulation of cooling
gas, increasing its cooling effectiveness and minimizing its
channeling.

2. China hat modification to cool down innermost
material.

3. Introduction of additional bustle at lower end of
Product Cooler for second stage cooling.

Stage 1: Introduction of Baffle Plates

16 number of baffle plates are introduced inside the upper
cylindrical portion of the product cooler as shown in the
below. The introduction of baffle plates in the cylindrical
portion of product cooler will increase the cooling
effectiveness of primary cooling gas, which will improve
gas flow trajectory for better cooling or heat transfer.
Material of construction (MOC) of the baffle plates is
55310, as it can withstand higher temperature. The whole
activity is done during plant shutdown for the period of 10
days.

Fig 3.2: Baffle plates inside Product Cooler
Stage 2: Modification in China Hat

To cool the innermost material of product cooler in the
existing China Hat another nozzle provision was made to
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add additional cooling gas line as shown in following fig
3.3.

Second nozzle
provided for
China hat

Fig 3.3: China Hat Modification
Stage 3: Additional Bustle Pipe

Additional bustle pipe taken from the primary cooling gas
ciruit is connected to the conical portion of the product
cooler.Bustle distributed with 8 numbers of nozzle of sizes
250 mm dia throught the circumferewnce .Which will
facilitate addition cooling in the seconadry phase, which
will obviously increase the the flow direction of cooling
gas inside the product cooler and ther by increases the
heat transfer.

Fig 3.4: Design showing additional bustle for Cooling in
Secondary Phase

4 RESULTS

4.1 Flow of Cooling Gas before and after
Modification

Flow of cooling gas inside product cooler before and after
modification is shown in the following Fig 4.1 and Fig 4.2

respectively. After comparing both the figures it can seen
that the area of flow of cooling gas has increased
tremendously, thereby increasing cooling effect.

Fig 4.2: Cooling Gas Flow after modification

Off-take temperatures are the degree of hotness of the gas
coming out of the product cooler. There are two exit gas
lines in the product cooler, hence two off-take
temperatures. Higher the average of the off-take
temperatures, higher is the exchange of heat occurred
inside of the product cooler, lower is the discharge
temperature of CDRI from the product cooler, hence
decreasing the probability of hot product generation.
Thus, keeping the inlet temperatures of the cooling gases
constant at 45 Deg C, aim is to achieve as high average
temperatures as possible.
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4.3 Financial Benefits

The benefits achieved as a result of Product Cooler modification
reduced Hot CDRI Product generation by a huge margin, i.e. by
97%.

Table 4.1: Cost Matrix

Total Saving 39Cr

Investment for modification 1.08 Cr

Savings after Investment 2.82Cr

Fig 4.3: Off take temperature after modification

5 CONCLUSION AND FUTURE SCOPE
e Problem of hot discharge analyzed using TQM

tools like cause and effect diagram and scatter plot
and solutions have been listed out with their
impact and most appropriate solution have been
implemented.
e The efficiency of CDRI production is improved by
a) Introducing Baffle plate for better circulation
of cooling gas, increasing its effectiveness and

minimizing its channeling in the existing

product cooler.
Fig 4.4: Off take temperature before modification b) Modifying China hat to cool down innermost
material.

. . ¢) Introduction of additional bustle at lower end
4.2 Trend of Hot CDRI Product across the Timeline

of Product Cooler for second stage cooling.
! MEANOF HOT PRODUCT PRODUCED PER DAY

25 . e Adding another cooling gas compressor in the
1.

20 cooling gas circuit to operate the plant with more

15 than designed capacity increases the cooling

10 efficiency by increasing the cooling gas flow to the

5 product cooler, or to increase the production rate

0.655

o | to accommodate the modification made in the

SEFTEMBER-NOVEMBER DECEMBER-JANUARY FEBRUARY -MARCH
product cooler we can replace the existing cooling

Fig 4.5 : Mean of hot product produced per day gas compressor with higher capacity.

It can be seen from the graph that, mean hot DRI production
shifted from 21.59 tons to 0.655 tons per day after product
cooler modification.
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