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ABSTRACT

To make steel in a blast furnace, coal must first be
turned into coke. Coke has a dual role in the steelmaking
process. First, it provides the heat needed to melt the
ore, and second, when it is burnt, it has the effect of
‘stealing’ the oxygen from the iron ore, leaving only the
pure iron behind. In the coking plant, coal is heated in
the absence of oxygen to 1250c. This removes any
impurities in the coal, resulting in coke, which is a porous
substance that is nearly all carbon.

Coking coals are the coals which when heated in the
absence of air, first melt, go in the plastic state, swell
and resolidify to produce a solid coherent mass called
coke. When coking coal is heated in absence of air, a
series of physical and chemical changes take place with
the evolution of gases and vapours, and the solid residue
left behind is called coke.

Conventional cokemaking is done in a coke oven battery
of ovens sandwiched between heating walls. They are
carbonised at a temperature around 10000-11000 C upto
a certain degree of devolatization to produce
metallurgical coke of desired mechanical and thermo-
chemical properties.
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In coke plant Tata steel kalinganagar around 6000 tons of
coal is raised in coal tower after being blended, crushed in
2 stages and moisture being added This eventually will
generate a coal cake to be charged in battery Moreover, if
there is deviation in grain size distribution of coal, the
bulk density of the coal cake will be impacted Greater
crushing fineness is related to higher number of particle
particle contact points which positively influences cake
strength but will decrease bulk density of prepared coal
cake

This if not optimized will cause deviation in coke
properties and hence impact

iron formation in BF Moreover, these parameters have
secondary effects on coal fluidity and on

the degree of pressure exerted to the chamber walls
Optimization of crushing fineness and

properties affecting it will maintain the coke properties
Continuing to operate with varied

crushing fineness ( will result in operational risk of battery

This Project was completed with DMAIC method &
approach to Continuous Improvement.

The DMAIC methodology consists of five phases, namely,
Define, Measure, Analyze, Improve, and Control.

oy Rarjos raclian

Date:-5th January 2024
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DEFINE

+ Launch Team

‘s Establish Charter

+ Plan Project
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- the Customer

« Plan for Change

MEASURE

* Document the
Process

« Collect Baseline
data
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ANALYZE

+ Analyze Data
+ Identify Root
Cause

+ Identify and
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IMPROVE

» Generate Solutions

« Evaluate Solutions
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« Plan and
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CONTROL
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Project Charter

__ Business Case
[

— In coke plant around 6000 tons of coal is raised in coal tower after being blended, crushed in
- 2 stages and moisture being added. This eventually will generate a coal cake to be charged in
~ battery. Moreover, if there is deviation in grain size distribution of coal, the bulk density of the
coal cake will be impacted. Greater crushing fineness is related to higher number of particle-
. particle contact points which positively influences cake strength but will decrease bulk
- density of prepared coal cake. This if not optimized will cause deviation in coke properties
_ and hence impact iron formation in BF. Moreover, these parameters have secondary effects
~ on coal fluidity and on the degree of pressure exerted to the chamber walls. Optimization of
~ crushing fineness and properties affecting it will maintain the coke properties. Continuing to
— operate with varied crushing fineness (lesser) will result in operational risk of battery.
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Problem Statement

The current mean of greater than 5 mm particle size of crushed
coal emerging after two stage crushing (Primary & Secondary)
Is 2.99% with a standard deviation of 0.392 which if increased
could affect coal cake formation its bulk density with
deteriorated coke properties.

Goal

To identify coal carbonization and equipment running factors
responsible for deviation in mean and standard deviation of
greater than 5 mm coal crushed particle by optimizing the
identified parameters through correlation techniques.
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SIPOC Diagram TATA STEEL
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BUSINESS MODEL
,__.-—-—-—'_'_______—_— —
Key Supplier Key Inputs Process | Output Customer
Raw Material * Coal - Coke plant Operation: * Wet Coal into ° Battery Operation
Management Division, | . - gattery « Carbonization - coal Tower
Utilities, Suppliers -
Moisture Formation of Coke
In scope Out of scope
Coal Blending, Carbonization in
Crushingin Primary and battery,Scrubbers,
Secondary Crushers NH3 Stripping and de-

acidifier, PGC, ETP,
Naphthalene recovery,
Tar Recovery

Deliverables

Crushed coal qualityparameter:
«Greater than 5 mm particle size of crushed coal
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CHWS —Chilled Water System

| EL —Enriched liquor "
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CW —Coal Water

SW -Stripped Water

CETP —Centralized Effluent Treatment Plant
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Research Paper findings

Learning from research papers
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Insights from research papers

Paper -1 Effects and impacts of Paper -2 Mechanical compaction of

components of coal handling system on coking coals for carbonization in stamp-
coke quality and yield of coke plants [1] charging coke oven batteries [2]
Learning - Learning -
Durithas a  significant  hardness, Increase in  crushing fineness
because it is quite compact. It is ten reduces the coal cake density while
times as hard as vitrit. mechanical strength is improved
The grain size distribution of the coal Greater crushing fineness is related
M1ix0tu re has a direct influence on the to

and M40 value of the coke. higher number of particle-particle

contact points which positively
influences cake strength

= %al.steinbach, R. Neuwirth, R. Kim, ThyssenKrupp Industrial Solutions AG (TKIS), Germany, “Effects and impacts of components of coal handling system on coke quality and yield of coke plants.” (2015).
ielewski, 1&Rejdak,Michat.(2015).Mechanical i kingcoalsforcarbonizationi hargi k l ies.FizykochemiczneProblemyMineralurgii-PhysicochemicalProblemsofMineralProcessing.51.151-161.
%.%). 5277/ ppm p150114.
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Insights from research papers

Paper -2 Mechanical compaction of
coking coals for carbonization in stamp-
charging coke oven batteries [2]

Learning -

Increase in  crushing fineness
reduces the coal cake density while
mechanical strength is improved

Greater crushing fineness is related

to

higher number of particle-particle
contact points which positively
influences cake strength

7 %al.steinbach, R. Neuwirth, R. Kim, ThyssenKrupp Industrial Solutions AG (TKIS), Germany, “Effects and impacts of components of coal handling system on coke quality and yield of coke plants.” (2015).
| ielewski, d&Rejdak,Michat.(2015).Mechanical i bkingcoalsforcarbonizationi hargi k l ies.Fizykochemi robl
| %ﬁ) 5277/ ppm p150114.

ineralurgii-PhysicochemicalProblemsofMi IProcessing.51.151-161.
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2. MEASURE -For Crushing
Fineness

o Exploratory Data Analysis
Data Distribution
CTQ drilldown

Parameter Analysis

Data Dictionary
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. ) Operation

Physical Chemical Rheological || pet hi Crusher p o
Crushing e VML Mot etrographic Direction, Running time, Initial moisture in

Fineness (-0.5,- %sc’%N %Hoig © CON, Fluiity 56V, MMR Tonnage passed %?3?-:' F;upning
R , %N, %H, of circuit

[ ]

L :

' I

-
'1 Coal Crusher —
Blends Parameters
L ;
Coke Properties
BIGY

e W

Input to Battery

+5mm crushed coal




PARAMETER ANALYSIS : Categorization of data

Coal Blending

«Physical properties -Crushing fineness
«Chemical properties-Proximate,

Ultimate Analysis

=Petrographic Properties-MMR, Vit%
*Rheological Properties —CSN

Frequency-CSI lab data —shiftwise
(3 times a day)

Crusher Parameter

*Running time

«Direction of running

*Tonnage passed through each crusher
«Crusher combination running

Frequency—CSI lab data —shiftwise
(3 times a day)

TATA STEEL
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PARAMETER ANALYSIS : Categorization of data

__——— dfunfe0)

<class 'pandas,.core,frams . DataFrams'>
RangeIndex: 27& entries, 0 te 275
Data coclumna (total 28 columns):

: £ Column Hon-Hull Count Dtype
‘___,_,_——'—'_'_'-. e e e ALt S o = O
0 Date 27% non-null datetimetd [na]
1 Type of Blend 27¢ non-null object L'
FA 261 non-null floatéd "\H
3  Moistuzre 263 non-null floatsd o
4 Rah 261 non-null floatsd k-
5 -3 276 non-null floatsd ".llII
i & © 276 non-null floatad
& T R 276 non-mull floatéd )
g8 H 27¢ non—null fleatad
9 caw 273 non-muall floatad
10 Contracticn 276 non-null inté4
11 Expansicn 276 non-null inted
12 Max. Fluidity 276 non-null intéd
13 Vith 276 non=null floatsd
14 @ 27% non~mull floatéd
15 =0.5 251 non-null floatéd
16 =3.15 281 nen-nwll £floatsd
17 TP cc 11 27% nen-null intéd
18 Initial Meisture 273 nen-null sbject
1% Primary Crusher 276 nen-null intEd -
20 Running Time (Min) 276 non-null intEd B
21 Dipestisn 27¢ nan—null inted
22 Coal raissd 26% non—null floatad
23 Secondary Crusher 27¢ nen-null intéd
24 Running Time (Min).l 27¢ non-mull intE4d
25 Directien .1 275 non=null floatsd
28 Cocal raised.l 262 non=null floatsd
27 Crushing Fineness 253 non~mull floatéd

deypes: datetimefd[ns] (1), fleat6d (16), inthi(9), object(2)
mamory usage: 0.5+ KB
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df.shape
(376, 28)
2 Running Running
Initial  Primary Coal Secondary
VM Moisture  Ash s c N W CSN - woisture Crusher  me Direction . lod * Crusher 'Me
(Min} (Min).1
1070 1543 0538944 T6.205019 1554112 4428799 60 .. 9.18 0 400 0 240000 0 400
1160 1533 0538044 T6.205019 1554112 4428799 60 .. 98 0 264 1 17007 1 267
1243 1332 0538044 76.205019 1554112 4.428799 6.0 .. 9.49 0 104 1 6750 1 104
1200 13385 0538044 T76.205019 1554112 4428799 60 .. /] 0 1] 1 00 1] 0

11.84 1336 0538944 76.205018 1554112 4428789 &0 .. 066 0 390 0 25300 0 350
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Parameters

o DTl

TATA

Detail Sample Unit
Coal Blend Parameter 1 VM ' This parameter shows the volatile matter percentage in coal blend 24,56 %
2 Ash This parameter shows the ash percentage in coal blend 15.4 %
13 Moisture This parameter shows the moisture content in coal 10.7 %
blend 0.54,
4 S,C, N, H This parameter shows the percentage of individual 76.21,1.55, %
component of specified elements 4.43
§ This parameter shows the percentage of contraction
5 Contraction undergone by the coal cake 17 %
. This parameter shows the percentage of expansion
6. Expansion P P 2 P
undergone by the coal cake 31 %
This parameter shows the max fluidity exhibited by the coal
. : Dial
7 Max Fluidity eake o
365 Division
This parameter shows the vitrinite content in coal blend per Min
8 Vit% This parameter shows the mean max reflectance of coal 54.17 %
blend ’
9 MMR ’ L
This parameter shows the total running time of each crusher 112 NA
1 Running Time This parameter shows the direction of rotation of crusher
— — - = — - —_— —_— 143 Min
Crusher Parameter 2 Direction This parameter shows the tonnage of coal passed through crusher
NA
. F
3 Coal Raised
2537 Ton
s

TEEL
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CCR 1 -0
Primary Crusher {

|
Categorical Variable EEaa==

. CCR 4 -0
~Secondary
Crusher
{ CCR5-1

* CCR -Coal Crusher
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Data Distribution of Crushing Fineness: + 5bmm particle size
of crushed coal

935% Confidence Intervals

Fig-1
Crushing Finaness = 253°0.5"NormallLocation=2.59, Scale=0.3913) AR EISHG ey B e
A-Squared 1238 .. ..
el b i s #ae oo Description statistics of raw data of +
Maan 2980 5mm particle size Box and Whisker
Std. Dew 0352 X i
Variance 0.154 Plot of + 5mm particle size wrt to
Skawnoss -1.666
Kurtosis 12.248 blends
N 253
45 a5 15 25 35 45 Minkmum 0.000
¥ H 1 i 151 Quanile 2760
K | 8 el Median 2980
. F Jod Cluanide 3240
Maximum 3848
BE% C Intarval for Maan
I s { 2540 1038
85% Confidence Interval for Madian
| o |
I G 1 2,885 T
28 290 254 288 10z 16 a0 | 95% Confidence Interval for Std. Dev
95% Confidence intervals 0,360 0.429

Figure-1



Data Distribution of Crushing Fineness:
of crushed coal

Bom Piat of Crenking Fineness grosped by Type of Blend
Speeadshests 204376

BEbgaedes

Caushing Finenass
;e

+ 5mm particle size

26%.T8%
25 L X T Mon-Ousher Rangn
A 8 L o E F G H 1 aY
Typ of Blend ¥

TATA STEEL

The histogram shows distribution of + 5mm
particle sizemean of 2.99 % and SD of 0.392

Blend —wise distribution of + 5mm particle size
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Data Preparation : Refining Percentage of greater than 5mm particle size Data set

_TATA

_————'-_______-'___.__—
X and Moving R Chart. variable: Crushing Fineness
=) Histogram of Obsenvations X: 2.99 (2.99);, Sigrna: 0.36437 (0.36437); n: 1
45
40
_— . 253
i: Date points
25 . . 01/06/2020 -31/08/2020
b Time period
15 d
10 ] Mean 299 %
00 ] Standard Deviation 0.392
05
— o 20 40 &0 80 100 120 140 a0 100 150 200 250 . Beyond UCL and LCL
Histogram of Maving Ranges Maving R: 0.41114 (0.41114); Sigma: 0.31062 (0.31062); n- 1 . . Process Parameter —
35 ; ’ : - : Defect Detection Above 5mm particle size
Outliers Greater than 6 mm
particle size
-3 13430
Table -1
[ERRNE]
1 00000

Fig-3  Control Chart of raw data of + 5mm particle
Figure-3 Table-1 Specification of Data set
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Data Preparation : Refining Percentage of greater than 5mm particle size Data set

Date points 253
. . 01/06/2020 -31/08/2020
Time period
Mean 2.99 %
Standard Deviation 0.392
Beyond UCL and LCL
X Process Parameter -
Defect Detection Above 5mm particle size
Outliers Greater than 6 mm
particle size
Table -1

Fig-3  Control Chart of raw data of + 5mm particle

Table-1 Specification of Data set
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1 . . ™
. I \ Standardization: \
! 1 | ==== The entire data set was standardized =~ -
| " i to have uniformity y
: 1 | -
| I :
" 1 | Outliers:
. [ e = = The violin plot and box plot were
1 plotted to remove outliers .
I ° Crushing gn-mus ! ¢
. Remove missing Values:
. The output parameter Crushing e e A
Fineness count is 253 out by Crushing Fineness 23
of which 23 were missing points - deype: intéd

Correct Datatype:

The output parameter 27 Crushing Fineness 253 non-null floated
Crushing Fineness is float64




df.infa ()

<class 'pandas.core.frame.DataFrame’>
BangeIndex: 276 entries, 0 te 275
Data coclumna (total 28 columns):

# Column Hon-Hull Count Dtype
(1] Date 276 non-null datetimetd [na]
1l Type of Blend 27% mon-null cbhject
2 i 2861 non=-null floatsd
3 Moisture 263 non-null floatsd
4 Ash 261 non~null floatsd
5 8 276 non-null floatsd
[ c 276 non-null floatad
T b2 276 non-null floatéd
8 H 276 non-null floatsd
ki CEN 273 non-null floatod
10 Ceocntracticn 276 non-null intéd
1l Expansicn 278 mon-null inté4
12 Max. Fluidity 27 mon=-null intés
13 Vith 278 non=-null floatés
14 MR 276 non=null floaté4
15 =0.5 251 non=-null floatéed
16 =3.15 251 non-null floatdd
17 PR cc il 276 non=null inté4
18 Initial Maisture 273 nen~null abject
1% Primary Crusher 276 nen-null intéd
20 Running Time (Min} 276 non-null inté4
21 Direction 276 non-null intéd
22 Coal raissd 26% non-null floatod
23 Secondary Crusher 276 non-null intéd
24 PRunning Time (Min).l 27& non-null intéed
25 Directiomn .1 275 mon-null floatsd
26 Coal rmised.l 269 mon=-null floatsd
27 Crushing Pineness 253 non-null £floatéd

dtypes: datetimefd[ns] (1), float84(16), int64(9), object (2}
memory usage: 60.5+ KB

TATA STEEL

Before Cleaning data set with outliers

di.info()

<class 'pandas.core.frame.Dataframe">
RangeIndex: 230 entries, 0 teo 229
Data columns (total 28 columns):

E Column Hon-Hull Count Dtype
Q Date 230 pon=null datetimetd [ns]
1 Type of Blend 230 non-null cbject
2 M 230 nen=-null flomzid
3 Moisture 230 nen-null floacod
4 Rsh 230 non-null floacod
5 3 230 non-null floaciod
& c 230 non-null floatcd
7 H 230 non-nuall floatcd
8 H 230 non-muall floatdd
9 CEM 230 non-muall floatsd
10 Contraction 230 non-null inté4
11 Expansion 230 non=-null int64
12 Max. Fluidity 230 non-null inté4
13 Vith 230 non=null fleazid
14 MMR 230 non-null floared
15 Fl 230 nonm-null flomcdd
1 F2 230 non-null floatdd
17 TEH cC 11 230 non-null intéd
18 Initial Moisture 230 non-null object
1% PC 230 non-—null intéd
20 Running Time (Min) 230 non—null intéd
21 Directionl 230 non-muall intéd
22 <Coal raiszed 230 non-mall floatcd
23 =C 230 non-null inté&4
24 PRunning Time (Min).l 230 non-null inté4
25 Direction? 230 non=null intés
28 Coal raised.l 230 nen-null floazied
27 Crushing Fineness 230 nen-mull fleoacad

deypas: datectimeéd[ns=) (1), flocatéd(15), int&d(10), obimce(l)
memory usage: 50.4+ BB

Utilization of commands on data set after cleaning the data set

AfterCleaning data set elimination of outliers




TATA STEEL

dif.info ()

<class 'pandas.core.frame.Dataframe">

RangeIndex: 230 entries, 0 teo 229

Data columns (total 28 columns):
£ Column Hon-Hull Count Dtype
Q Date 230 non=null datetimetd [n=]
1 Type of Blend 230 non-null cbject
2 UM 230 nen=-null floathd
3 Moisture 230 nen-null floacod
4 Rsh 230 non-null floacod
5 3 230 non-null floaciod
& c 230 non-null floatcd
7 H 230 non-nuall floatcd
8 H 230 non-muall floatdd
9 CEM 230 non-muall floatsd
10 Contraction 230 non-null inté4
11 Expansion 230 non=-null int64
12 Max. Fluidity 230 non-null inté4
13 Vith 230 non=null fleazid
14 MMR 230 non-null floared
15 Fl 230 nonm-null flomcdd
1 F2 230 non-null floatdd
17 TEH cC 11 230 non-null intéd
18 Initial Moisture 230 non-null object
1% PC 230 non-—null intéd
20 Running Time (Min) 230 non—null intéd
21 Directionl 230 non-muall intéd
22 <Coal raiszed 230 non-mall floatcd
23 =C 230 non-null inté&4
24 PRunning Time (Min).l 230 non-null inté4
25 Direction? 230 non=null intés
28 Coal raised.l 230 nen-null floazied
27 Crushing Fineness 230 nen-mull fleoacad

deypas: datectimeéd[ns=) (1), flocatéd(15), int&d(10), obimce(l)

memory usage: 50.4+ BB

AfterCleaning data set elimination of outliers
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df . describe ()}

VM Moisture Ash 5 c L] H CSM Confraction Expansion —. “%

count 341000000 263000000 261000000 276000000 ZTE000000 276000000 2T6.000000 271000000 2TE000000 27E000000 . 260
25634138 11 TE21Z0 12452550 0548500 TETISAMT 1623451 4420058 STE0QX0  -20510870 14423313 . 4000
OETEITT 0593167 OTATS4E 0022396 0804814 Q0GEOTE 0026347 0308081 2Taagie ESseOTE | 00
23400000 10340000 10960000  OS2MAT  TEIEEITI 1554102 4398615  S000000 35000000  -7.000000 000

B 00000 11420000 11910000 0538044 TEIEHIS  15TIME0 4405508 2 SS00000 31000000 11000000 4000
IHTI0N0 11690000 12.4B0000  DS413T4 TEIMIMR  15BEII2 4428708  GOO0000 20500000 14000000 . 4000
JEB0000 12000000 12920000 0543853  FTIRIIE1 1651836 4442237 6000000 .2RO00000 18000000 4000

IT 50000 15040000 15.430000 0550800 TTSGE4E4  1TTO603 4487451 GO00000 22000000 33000000 4000

Before Cleaning data set'with outliers




Refining Input Parameter

TATA STEEL

parameter were

The outliers from

each input

removed

df .describe()
TR
VM Moishane Ash 8 c L] H CEN Condraciicn  Expansion 6-1(1:
couml 230000000 30000000 230000000 230.000000 130000000 230000000 230000000 230000000 230000000 230000000 .. 2300
mesn 25620857 11 TEESES  12.412004 0540600 76 TEEN2S 1627916 4430272 5778261 -205834TB 14256522 _ 4000
s OEGSS31  DSe0SM0 0700615 0023492 QE0EEIE 0DGSBAZ 0026855 0304200 2866053 G.40944D o
min 23410000 9040000 10160000 0521497 TEAEZIT 1554112 4308615  5.000000  -35.000000 -T.000000 .. 4000
2% 2SIM2500 11410000 11282500 0538544 TEI0S01G 1571369 4405506 5500000 31000000 10250000 .. 4000
S0% S TI0000 11670000 12.850000 0541374 T 224099 1588312 4428700 000000 -20500000 14000000 . 4000
To% 25160000 11957500 12007500 0548553 TSI 1665917 4442237 6000000 -2B.000000 18.000000 .. 4000
max  ITSS0000 15040000 13940000 0.553800 TTEsE4E4  1TTORE3 2407481 G000000 23000000 33000000 .. 4000

AfterCleaning data set elimination of outliers

After
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3. ANALYZE

Preparation of Correlation Univariate Analysis @Bivariate Analysese
Matrix@ Multivariate Analysis
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Correlation Matrix of independent variables
wrt to Crushing Fineness

Filtering Features having correlation value greater than 0.01

: CSN '
L
— (0.19)
-3.15 Crushing
neness
0.4% Maximu
m
(0.11) Fluidity
(0.19)

- Coal
. ~ 0.5R4aised
Expansion

(0.13)

(0.13)
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wrt to Crushing Fineness

Correlation matrix between features
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Univariate Analysis : Output Parameter

Violin Plot of output parameter + 5 mm crushed
coal was plotted

1

2 3 4

Crushing Fineness

« Histogram plot of output
parameter + 5 mm crushed
coal was plotted

« This shows normally
distributed data set of output
parameter

1

2 3
Crushing Fineness
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" The hist(lagram plot of Max Fluidity as input
arameter was plotted to see the normal
distribution of the parameter

0.08

0.07 4

0.06

0.05 4

0.02

0.005

Max. Fluidity

Expansion

-~ A

|
| ]
l"\'l'_h‘e_y_bigltogram plot of Expansion as input
parameter was plotted to see the normal
distribution of the parameter

Histogram plots of input parameter

0.0007

TATA STEEL

|
i |
l"ﬂ'_he his'fogram plot of Coal Raised as input

parameter was plotted to see the normal
distribution of the parameter

¥
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Bivariate Analysis : Blends Feature variation wrt
output parameter (Blend, Crusher Features)

10 L 1o 10
05 05 as 05
. o R — o = oo e
F = T ¥ o 500 1000 1500 2000 2500 3000 T T T T T T T T
BO5 0.0 —'as 1.0 0ns Coal ralsed = ¢ : 1E°mem§b S ™ g 150 W0 "ﬁ?m:: B/ w0 &S0
Positive correlation between Positive correlation between Positive correlation between — -
P . . T . Positive correlation between
- 3.15 and crushing Fineness Coal Raised and crushing Expansion % and crushing Max Fluidity and Crushin
fineness fineness y g

Fineness

Scatter plot have been plotted between input parameters like -3.15, coal raised, Expansion percentage,
Max Fluidity respectively with Crushing Fineness to evaluate variation
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4 4
31 3
7 i
:
£ 21 i 21
g g
= -
5 11 S 14
-—Tl D ﬂ -
Ji,
£ 0 1 0.0 10
Directionl Direction2
1 Violin plot for crushing Fineness between direction
' 0 which is Forward and 1 which is Reverse. (For 1. Violin plot for crushing Fineness between
5 Primary Crusher House) direction 0 which is Forward and 1 which is
' When Crusher was running in forward direction, Reverse. ( For Secondary Crusher House)
comparatively more % of +5mm is generated 2. No distinctive inference could be obtained
No distinctive inference could be obtained

Bivariate Analysis : Categorical Variable |
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4 1 4 A
a2 3] g
['F] ['F]
T T
iE 74 |E 2 4
g g
g g
= =
g 17 514
M 0 o
{i T T T T
; 0 1 0 1
PC sC
1. Violin plot for crushing Fineness between 1. Violin plot for crushing Fineness between
Primary Crusher, 0 which is CCR 1 and 1 which Secondary Crusher, 0 whichis CCR 4 and 1
5 is CCR 2. 2 which is CCR 5.
" When CCR 2 Crusher was running, " When CCR 4 Crusher was running,
comparatively more % of +5mm is generated comparatively more % of +5mm is generated
3. No distinctive inference could be obtained 3. No distinctive inference could be obtained

Bivariate Analysis : Categorical Variable |
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1. The highlighted portion : Correlation
value between input as well as output
parameter.

2. Parameters like -3.15 coal crushed
fraction, coal raised, Expansion
percentage, Max Fluidity with Crushing
Fineness have correlation value greater

than 0.05 showing weak correlation
between them.

3. Input Parameters : (VM and C), (VM and

Vit%), (Expansion and C), ( Vit% and
Expansion), (C and Ash), (N and Ash) are
strongly correlated with each other
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) % % b A
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Conclusion

CRUSHING FINENESS

Positive Positive Negative Positive
Theoretical correlation with  correlation with  correlation with  correlation with
Max Fluidity % Expansion -3.15 Coal Raised
#4. e A . Rl P WL
.;- -& l E*::rh ) & =
DEVIATION _ — ; —= . =
--.-' 1 F'Eb.’n.r.fu-'. : % .,m. 1 :
q. TRr LN '. -
Weak Positive Weak posmve W Weak positive
Practical = correlation with  correlation with rcl’ntg correlation with
Max Fluidity % Expansion corretation Coal Raised

+ Deviations due to limited data set.

Parameter other than the theoretical ones could be a significant
predictor The categorical features should be analyzed further for
proper inference




Conclusion

Theoretical

DEVIATION

Practical

TATA STEEL

CRUSHING FINENESS

Positive
correlation with
Max Fluidity

RCLT
& ]
W

n
Weak Positive

correlation with
Max Fluidity

Positive
correlation with
% Expansion

k" TR
“isa
_ =
ﬁl |-f.,-'r, |
Weak positive

correlation with
% Expansion

correlation with

Positive
correlation with
Coal Raised

WL
& =
- e
oy
T

Weak positive
correlation with
Coal Raised

= Expansion of Data set for each blend
= Parameter analysis on increased data of individual
coal constituting blend to obtain significant predictor

l Action Plar; I

= The input parameter if correlated can be merged and
a proxy parameter could be created.
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