Derivation of the formulae for calculating a four component cement raw mix.
(by Ted Krapkat BAppSc(Chem).  – Cement Australia)

     To solve a four component raw mix calculation requires four simultaneous equations of the form;
a*W + b*X + c*Y + d*Z = e
f *W + g*X + h*Y +  i*Z  = j
k*W + l*X + m*Y + n*Z = o
p*W + q*X + r*Y +  s*Z  = t
     Where the letters W, X, Y and Z represent  the unknown percentages of each of the four raw materials, and  the letters a, b ,c ,d ,e, f, g, h, I, j, k, l, m, n, o, p, q, r, s  and  t  are numerical coefficients.
Since the sum of the four component percentages in any raw mix is always 100%, Therefore we can write the first equation as;-                                                    W +  X  + Y + Z = 100
     Therefore, in the equations above;-  a =1, b=1, c=1, d=1 and  e =100.  However, we still need to provide three more equations. These equations come from the three quality control parameters LSF, SR and AR which are critical inputs into the raw mix calculation.  Each of these three parameters can be calculated using the chemical analysis of the four components  and  the  percentage  of  each in  the  raw mix.
      So, if we let the chemical analysis of each component be… 
	Component W
	Component X
	Component Y
	Component Z

	SiO2    = S1
	SiO2    = S2
	SiO2    = S3
	SiO2    = S4

	Al2O3 = A1
	Al2O3 = A2
	Al2O3 = A3
	Al2O3 = A4

	Fe2O3 = F1
	Fe2O3 = F2
	Fe2O3 = F3
	Fe2O3 = F4

	CaO     = C1
	CaO     = C2
	CaO     = C3
	CaO     = C4



     …then the AR of the raw mix can be calculated as;-
AR = (W*A1 + X*A2 + Y*A3 + Z*A4) / (W*F1 + X*F2 + Y*F3 + Z*F4)
∴
AR * (W*F1 + X*F2 + Y*F3 + Z*F4) = (W*A1 + X*A2 + Y*A3 + Z*A4)
∴
AR*W*F1 + AR*X*F2 + AR*Y*F3 + AR*Z*F4 = (W*A1 + X*A2 + Y*A3 + Z*A4
∴
(AR*F1 -A1) * w +  (AR*F2 – A2) * x +  (AR*F3 – A3) * Y + (AR*F4 – A4)*Z = 0            
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     We now have the second simultaneous equation in the form;-   f*W + g*X + h*Y + i*Z = j
     Where;-
f  = (AR*F1 - A1)
g = (AR*F2 – A2)
h = (AR*F3 – A3)
i =  (AR*F4 – A4)
j = 0

     The third equation comes from evaluating  the  SR, which can be calculated as;-
SR = (W*S1 + X*S2 + Y*S3 + Z*S4) / (W*A1 + X*A2 + Y*A3 + Z*A4 + W*F1 + X*F2 + Y*F3 + Z*F4)
∴
SR * (W*A1 + X*A2 + Y*A3 + Z*A4 + W*F1 + X*F2 + Y*F3 + Z*F4)  =  (W*S1 + X*S2 + Y*S3 + Z*S4)
∴
(SR*A1 + SR*F1 – S1)*W + (SR*A2 + SR*F2 – S2)*X + (SR*A3 + SR*F3 – S3)*Y + (SR*A4 + SR*F4 – S4)*Z = 0
     This is the third simultaneous equation and is in the form;-  k*W + l*X + m*Y + n*Z = o
     Where;-
k = (SR*A1 + SR*F1 – S1)
l =  (SR*A2 + SR*F2 – S2)
m = (SR*A3 + SR*F3 – S3)
n = (SR*A4 + SR*F4 – S4)
o = 0

     The fourth and last simultaneous equation is derived from the LSF, which can be calculated as;-
LSF = (100 * (W*C1 + X*C2 + Y*C3 + Z*C4)) / (2.8*(W*S1 + X*S2 + Y*S3 + Z*S4) + 1.18*(W*A1 + X*A2 + Y*A3 + Z*A4) +0.65*(W*F1 + X*F2 + Y*F3 + Z*F4))
∴
LSF * (2.8*(W*S1 + X*S2 + Y*S3 + Z*S4) + 1.18*(W*A1 + X*A2 + Y*A3 + Z*A4) +0.65*(W*F1 + X*F2 + Y*F3 + Z*F4)) = 100 * (W*C1 + X*C2 + Y*C3 + Z*C4)
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∴
LSF* (2.8*W*S1 + 2.8*X*S2 +2.8*Y*S3 +2.8*Z*S4 + 1.18*W*A1 + 1.18*X*A2 + 1.18*Y*A3 + 1.18*Z*A4 +0.65*W*F1 + 0.65*X*F2 + 0.65*Y*F3 + 0.65*Z*F4) = 100*W*C1 +100*X*C2 + 100*Y*C3 + 100*Z*C4
∴
(LSF*2.8*S1 + LSF*1.18*A1 +LSF*0.65*F1 – 100*C1) * W +
(LSF*2.8*S2 + LSF*1.18*A2 +LSF*0.65*F2 – 100*C2) * X +
(LSF*2.8*S3 + LSF*1.18*A3 +LSF*0.65*F3 – 100*C3) * Y +
(LSF*2.8*S4 + LSF*1.18*A4 +LSF*0.65*F4 – 100*C4) * Z +
=0
     This is the fourth equation we need, and is in the form;-  p*W + q*X + r*Y + s*Z = t
     Where;-
p = (LSF*2.8*S1 + LSF*1.18*A1 +LSF*0.65*F1 – 100*C1)
q = LSF*2.8*S2 + LSF*1.18*A2 +LSF*0.65*F2 – 100*C2)
r = (LSF*2.8*S3 + LSF*1.18*A3 +LSF*0.65*F3 – 100*C3)
s = (LSF*2.8*S4 + LSF*1.18*A4 +LSF*0.65*F4 – 100*C4)
t = 0

      The four simultaneous equations…
a*W + b*X + c*Y + d*Z = e
f *W + g*X + h*Y +  i*Z  = j
k*W + l*X + m*Y + n*Z = o
p*W + q*X + r*Y +  s*Z  = t

       … can be expressed in matrix form as;-
         =  



Ted Krapkat BAppSc(Chem)                                                             Page 3                                                                             05/12/2015
       By using this matrix form of our four simultaneous equations we can solve them by using Cramer’s rule. (See http://math.tutorvista.com/algebra/cramers-rule.html)  
     Cramer’s rule can be used with square matrices (ie 2x2, 3x3, 4x4… etc)  to individually calculate the unknowns in simultaneous equations by using matrix  determinants;-
     The determinant of the coefficient matrix in our case is expressed as;-

D = 

     …and the determinants of the four unknowns W, X, Y & Z are expressed as ;-

Dw = 

Dx  = 

Dy   = 

D z = 

     Using these five determinants, Cramer’s rule allows us to calculate the values of the unknowns in our four simultaneous equations via  the  following formulae;-
W = Dw/ D
X  = Dx / D
Y  = Dy / D
Z  = Dz / D
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     The determinants  D,  Dw,  Dx,  Dy  &  Dz are evaluated by cross multiplication which in this case gives the following  formulae  for each of the determinants ;-
D = (a*g*m*s)+(a*h*n*q)+(a*i*l*r)-(a*i*m*q)-(a*g*n*r)-(a*h*l*s)-(f*b*m*s)-(f*c*n*q)-(f*d*l*r)+(f*d*m*q)+(f*b*n*r)+(f*c*l*s)+(k*b*h*s)+(k*c*i*q)+(k*d*g*r)-(k*d*h*q)-(k*b*i*r)-(k*c*g*s)-(p*b*h*n)-(p*c*i*l)-(p*d*g*m)+(p*d*h*l)+(p*b*i*m)+(p*c*g*n)
Dw= (e*g*m*s)+(e*h*n*q)+(e*i*l*r)-(e*i*m*q)-(e*g*n*r)-(e*h*l*s)-(j*b*m*s)-(j*c*n*q)-(j*d*l*r)+(j*d*m*q)+(j*b*n*r)+(j*c*l*s)+(o*b*h*s)+(o*c*i*q)+(o*d*g*r)-(o*d*h*q)-(o*b*i*r)-(o*c*g*s)-(t*b*h*n)-(t*c*i*l)-(t*d*g*m)+(t*d*h*l)+(t*b*i*m)+(t*c*g*n)
Dx = (a*j*m*s)+(a*h*n*t)+(a*i*o*r)-(a*i*m*t)-(a*j*n*r)-(a*h*o*s)-(f*e*m*s)-(f*c*n*t)-(f*d*o*r)+(f*d*m*t)+(f*e*n*r)+(f*c*o*s)+(k*e*h*s)+(k*c*i*t)+(k*d*j*r)-(k*d*h*t)-(k*e*i*r)-(k*c*j*s)-(p*e*h*n)-(p*c*i*o)-(p*d*j*m)+(p*d*h*o)+(p*e*i*m)+(p*c*j*n)
Dy = (a*g*o*s)+(a*j*n*q)+(a*i*l*t)-(a*i*o*q)-(a*g*n*t)-(a*j*l*s)-(f*b*o*s)-(f*e*n*q)-(f*d*l*t)+(f*d*o*q)+(f*b*n*t)+(f*e*l*s)+(k*b*j*s)+(k*e*i*q)+(k*d*g*t)-(k*d*j*q)-(k*b*i*t)-(k*e*g*s)-(p*b*j*n)-(p*e*i*l)-(p*d*g*o)+(p*d*j*l)+(p*b*i*o)+(p*e*g*n)
Dz = (a*g*m*t)+(a*h*o*q)+(a*j*l*r)-(a*j*m*q)-(a*g*o*r)-(a*h*l*t)-(f*b*m*t)-(f*c*o*q)-(f*e*l*r)+(f*e*m*q)+(f*b*o*r)+(f*c*l*t)+(k*b*h*t)+(k*c*j*q)+(k*e*g*r)-(k*e*h*q)-(k*b*j*r)-(k*c*g*t)-(p*b*h*o)-(p*c*j*l)-(p*e*g*m)+(p*e*h*l)+(p*b*j*m)+(p*c*g*o)
     Where;
a  = 1
b = 1
c = 1
d = 1
e = 100
f  = (AR*F1 - A1)
g = (AR*F2 – A2)
h = (AR*F3 – A3)
i =  (AR*F4 – A4)
j = 0
k = (SR*A1 + SR*F1 – S1)
l =  (SR*A2 + SR*F2 – S2)
m = (SR*A3 + SR*F3 – S3)
n = (SR*A4 + SR*F4 – S4)		
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o = 0
p = (LSF*2.8*S1 + LSF*1.18*A1 +LSF*0.65*F1 – 100*C1)
q = LSF*2.8*S2 + LSF*1.18*A2 +LSF*0.65*F2 – 100*C2)
r = (LSF*2.8*S3 + LSF*1.18*A3 +LSF*0.65*F3 – 100*C3)
s = (LSF*2.8*S4 + LSF*1.18*A4 +LSF*0.65*F4 – 100*C4)
t = 0

     Before substituting these coefficients into the determinant formulae we can simplify them because, in our case, the coefficients  j , o and  t are all equal to zero.   This means that any term in the determinants which contains any of these coefficients as a multiplier can be removed, because that term will always evaluate to zero. This significantly simplifies the four determinants of the unknowns, and they become;-
Dw = (e*g*m*s)+(e*h*n*q)+(e*i*l*r)-(e*i*m*q)-(e*g*n*r)-(e*h*l*s)
Dx = -(f*e*m*s)+(f*e*n*r)+(k*e*h*s) -(k*e*i*r)-(p*e*h*n)+(p*e*i*m)
Dy = -(f*e*n*q)+(f*e*l*s)+(k*e*i*q)-(k*e*g*s)-(p*e*i*l)+(p*e*g*n)
Dz =-(f*e*l*r)+(f*e*m*q)+(k*e*g*r)-(k*e*h*q)-(p*e*g*m)+(p*e*h*l)

     Also , since  a = b = c = d = 1, these letters can be removed as multipliers from the formula for D  i.e.;-
D = (g*m*s)+(h*n*q)+(i*l*r)-(i*m*q)-(g*n*r)-(h*l*s)-(f*m*s)-(f*n*q)-(f*l*r)+(f*m*q)+(f*n*r)+(f*l*s)+(k*h*s)+(k*i*q)+(k*g*r)-(k*h*q)-(k*i*r)-(k*g*s)-(p*h*n)-(p*i*l)-(p*g*m)+(p*h*l)+(p*i*m)+(p*g*n)

      Now, by substituting  the  coefficient values into the simplified equations for D,  Dw,  Dx,  Dy  and  Dz,  the percentages  of the mix components  W, X, Y, & Z  can be calculated using  the formulae;-
W = Dw/ D
X  = Dx / D
Y  = Dy / D
Z  = Dz / D

     Finally, to simplify the calculation and allow automatic recalculation of raw mix percentages when changing any of the raw material chemistry variables or the LSF, SR and AR targets these calculation above and the coefficients (a  thru  s)  can be incorporated into a simple Excel spreadsheet.   (See Appendix 1 on the next page for an example)
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                                                                                                                                    Appendix 1
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image1.emf
            - - - - - - - - -  RAWMIX DESIGN - - - - - - - - - 

LIMESTONE SHALE IRON ORE BAUXITE RAWMEAL

5/12/2015 12:00    COEFFICIENTS MATRIX DETERMINANTS

MIX %

82.31 13.95 0.79 2.95 100.00 a 1 Dw 56205098190

SiO2

3.24 74.98 9.16 9.00 13.47 b 1 Dx 9528844384

Al2O3

0.79 8.80 2.00 50.00 3.37

RAWMEAL

c 1 Dy 537951774.5

Fe2O3

0.38 6.20 83.04 14.00 2.24

TARGETS

d 1 Dz 2011402416

CaO

51.00 0.98 0.06 5.50 42.28 e 100 D 682832967.7

MgO

1.24 0.24 0.41 0.50 1.07 Lime Saturation f -0.22

K2O

0.50 0.30 0.20 0.10 0.46 98.00 g 0.5

   RAW MATERIALS  %

Na2O

0.20 0.20 0.10 0.10 0.20 h 122.56 W 82.31163528

SO3

0.10 0.20 0.07 0.05 0.11 Silica Modulus i -29 X 13.95486867

L.O.I.

42.48 8.00 4.65 21.00 36.74 2.40 k -0.432 Y 0.787823377

TOTAL

99.93 99.90 99.69 100.25 99.93 l -38.98 Z 2.945672678

S.R.

2.40 Alumina Modulus m 194.936 TOTAL 100

A.R.

1.50 1.50 n 144.6

L.S.F.

98.00 p -4095.38

q 21889.08

r 8028.432

COLOUR KEY s 8593.4

Data may only be entered or changed in cells with this colour

Cells with this colour contain formulas. Do not change these cells !

Raw material names may be changed and their chemical analyses entered into the green cells.
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