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Introduction
Lime Saturat ion Factor (LSF) is the
mai n qua lity characterist ic of Cement
man ufacturing proc ess wh ich is
composed on ingredients of its raw
materials CaD. Si0 2• AhO~ and Fe20l
of their we ight fraction as:

LSF = CaO xl(){
2.85iq + 1 . 2A~~ +O.6Tc.Oz

Lsr is measured to wh ich extent the
CaO o ptimum co mpo unds in cl inker
compos ition formed with out necessary
prese nce of free lime. The optimum
va lue of LSI-" in the cement raw mix
be forc burning is 101 % with the
to lerance level +/-5 %. Limestone
deposit does not shov.. th is opt imum
val ue of LSF. Mined H igh Grade
(HGL) and LQ\." G rade (LG L)
limestones are mixed with co rrect
propo rtions with add itives and
obta ined th is part icular va lue of LSF.
Accord ing to the spec ificat ions, LSF
values of HG L and LGL are 80 % +1­
15 and 120 %+1· 15 respec tively in the
prepared mixed heaps . But in practice
these va lues of LSF some tim es lie
o utside the spec ific range. This causes
to red uce the quality level of Cement.
In th is research we have analyzed the
variat ion of LSF in the raw HG L and

LG L by using X and S contro l
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charts for va riable sa mple size. Contro l
charts are vita l q uality too ls in many
industries for qual ity monitori ng.
contro l and take correct ive actio n. Past
resea rches quoted some c hance causes
and assignable ca uses affect to this
variat ion of LSF . Any po int fa lls
outside the con tro l limits e ither

X or S chart. it is co nsidered

as an o ut of contro l con dition.
(Bhattacharya and Sac hde va. 2005) .
Generally limes tone deposits shows
higher percentage of CaO than
specificat ion. This is caused to lie
o utside the LSF poin ts above the
Upper Contro l Lim it. Improper
blending. materi a l di lut ion . incorrect
est imation ca use to the va riat ion of
LSF. ( Bhattacharya et al.• 1007 )

Met hodolog)'
S ince the sample size varies with the
yield of limestone, co ntro l charts with
variable sample size arc used.

Wei ghted average X would be Center

Line (CL ) of the X Chart. and Upper
~ -

Contro l Limit (Ue l.) is X + A, S and

Lower Control Limit (LC L) IS

.r - A}S . For the S chart CL =

."ii. UC L = B,S and LC L = B,S.
where.
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randomly picked up to co nstruct the
control chart of each six data sets.
These LSF values o f HGL. LGl. and
the control limits of

X and Sc ha rts are shown in Tab le
Ia and Table 1b respect ively.

Figure la. X and S charts for
HGL.
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Statistical data anaJysi~'

Figure Ia and I b show the control
charts for LSF va lues of UGL a nd
LGl respec tively. Ave rage va lues of
LSF are 135.3 in UGL and 7 1.97 in
LGL. UC L and LCL varies between
152 and 118 in HG L but 83 and 60 in
LGL. There arc 1\\0 consecutive points
and three non consecutive po ints lie
outside the VCL and two consec utive
po ints lie ou tside from the Le L in
HGL. In lGl. five LSF poi nts lie
outs ide the VCl and Le L. Ave rage
values of Standard Deviat ions of l SF
are 11.66 in HGL. and 7.30 in LG L in
S charts. There are two LSF points lie
outside the Uf'L in HG L. but for LGL
no points lie outside of the control
limits.
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X i =: avearge of the i " sample.

S, =: rh sarnplestandarddev iation

X = weighted average,

S, = Average Standard Deviat ion o f

r sample

AJ. B.l and B ~ are constants for the
sample sizes.

and

n, =: rh samplesize.

m = # sam ples.

Data collection
The mixed heaps are prepa red from the
mined ' limestones as HGL and LGL
separate ly. O ne mixed heap divided
into 24 10 27 portions and transport ed
for crushing. In this ana lysis. each
portion is co nsidered as it sample and
accord ing to the tonnage of this
samp le. where four to live LSF values
are calc ulated by X ray fluore sce nce
method . LSf form ula was
programmed in the XRF: ARL 9900
machi ne . Twelve numbe rs or HGl and
LG L mixed hea ps (six each) are
ana lyzed and five sample numbers are
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Figure t b. X and S charts for LGL

Discussion and Conclusion

After observing the XandScharts, it

was revealed that there are some
chance and assignable causes affect to
the vari ation of LSF. The main chance
cause to the LSF variat ion in the
limestone is due 10 uneven dist ribution
of chemical composition through the
deposit. Due to higher content ofCaO,
the ave rage value of LSF in HOL is
higher than the speci fication and that is
lower in LGL. But this can be avoided
by proper hand ling of materia l such as
sampling methods. Drilling. Proper
equi pment handling. and specially
mixed heap preparation. Reject
material such as clay pocket shou ld be
detected by implementing prior
identification method before the
blast ing of limestone bed. This can be
done by improving the test hole
sampli ng method.
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avoid LSF vananon as muc h as
possibl e in the cement raw mix and
hence prod uce cement with high
quality.
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Also, it can be identified that,
relati vely hard material or boulde rs
exhibit higher value of LSF. Uneven
spread of bou lders may have caused to
make LSF value higher in the sample.
By implementing correct mixed
heap preparati on method to disperse
hard material eve nly through the heap,
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Table la. Control lirnit$ or X lid S ( harts ror IICI.
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