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1 INTRODUCTION

The mineralogical com position o f a given mat erial is defined by the type and
qu antities of mine rals that constitu te such a material. Th rou gh the combination of
quantitati ve chemical and qualita tive mineralogical analyses, enoug h in formation can be
ob tained to solve the problem of qua n tita tive determination of mineralogical p hases. Th is
concep t is usually called Rational Mill cralogical Allalysis. There are tw o well-known
proced ures for these calcu la tions: the coure ntional and IRTEC metho ds. In thi s paper an
al tern ative ra tiona l mineralogical analys is method, w hich we ca ll th e UFSC method ,
using the no nnegative lea st squares rout ine for solving a system of linear equations is
proposed.
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2 UFSC METHOD

CASTELL6 :'< (SPAI:'< )

The UFSC method is based on the same sources as the IRTEC method . The IRTEC
method proposes the simultaneo us resolution of linea r equa tions. The expe rime ntal erro rs
are divided amo ng all the ph ases present. The unknown qu antities of the system
correspond to each min eralogical phase present in the sample, whil e the number of
equa tions is determined by the number of "use ful const ituents" from chemical analysis.
These consti tuents are conside red useful only if they are present in at least one of the
mineral species detected by XRD. For each constituen t a linea r equation is bui lt, in such a
way that the sum of the mineralogical phase constituents is propor tional to the resulting
amo unt of the che mical analysis. Therefore, for a constitue nt 11/ with II mineralogical
phases present, a sys tem with 11/ eq ua tions can be bui lt:

+ a x + 0.Oaces5 1> ," ,
+ a x + O.Oacess = 1>,211 J1

The system is subjected to the restri ctions:

x = 100
"

with x, > 0, j = 1.. II, i = 1.. 11/

whe re -\ = amount of the mine ral j to be calculated;

a" =amo unt of the element i in the mineral j from the theoretical composition
of this min eral; .

I> = amount of the element i from the che mical ana lvsis of the sample;, "

acess = hyp othetical ph ase termed "accessor ies", to complete 100%.

The calcu lation of each min eralogical phase can be then performed as follows:

>- each min era logical phase identified in the qua litative ana lysis should ha ve a
theoretical formula exp ressed in the form of oxides;

;.. the fraction in mass is calculated for each oxide in the theoretical formula from the
atomi c masses;

;... a matrix is built whe re a line corresponds to the amount of each ox ide, except for
the last one that represents the sum of each phase in the sample;

;.. a matrix column corresponds to each phase, except for the last one that represents
the amount of each oxide in the sample ;

;.. the amo unt requested by the theoret ical formu las can be lower than tha t
determined by che mical ana lysis; in this case, th is am ount is adde d to a
hypothet ical phase called "accessories" to complete 100%.

The follow ing sets ou t a simple example of Rationa l Minera logical Ana lysis .

Minerals present: kaolinite (Alp,. 2SiO,. 2H,0) , qunr!z (Si0,i and accessories.
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Che mical ana lvs is:

35.22% Alp ,
48.81% SiO,

1.12'/;. TiO,

(1.25% c-o
0.10';'1-, NII ,O

O ~ ?'~ F' O.J_ / 0 t. ~ J

0.07% MgO

0.17% KO

13.74% lgnition Lo"s U. L.!

Th e following system of linea r eq ua tions ca n be se t up:

0.395 kaolinite + 0.000 quart: + 0.000 acccssoric« = 35.22 (AI,O, row)

0.465 kaolinite + 1.000 quart: + 0.000 accessories = 48.81 (SiO, row)

1.000 kaolin ite + 1.000 quart': + 1.000llccessories = 100.00 (su m row)

To so lve the system (AX = B) an algorithm is used, for the cons tra ine d leas t sq ua res
p rob lem subjec t to X " 0 (Noll/legatiI'e Lmst Squares - N NLS).

Using the !':NLS algorithm to so lve the examp le, we have:

89.2% kaoliui!«

7.2% quart:

3 .6~1 accessories

Sometimes the linear equation s system can be overdeterm ined (more oxides than
phases in the sa mp le, o r more rows than columns) or underdeterrnined (more phases than
ox ides, or more columns than rows). In these cases, a kind of approxim ati on method to a
solu tion is necessary. Most freque n tly Least Sqllares is the approximation crite rion cho sen.
Th e basic linear least squares probl em can be sta ted as follows: gircn 11 rcal m x I I mlltrix A ,
a reIlI IlH'CClo,. B, [ii u! 11 ,.eIlIIH'CCtO,. X minimizing AX - B.

3 RESULTS AND DISCUSSIO I

For the va lidation of the method , a series of pure ceramic phases was used as
hypothet ical raw materials. A tota l of 6 random m ixtu res were defined, considered in th is
case as standa rd co m positions.

From the chem ical composition an d qual itati ve ana lysis of each mi xtu re, the UFSC
method was ap plied . Most of the calcu la ted m ixtures are very close to the standa rd,
ho wever so me of them presen ted at least a phase with null result, alt houg h th is phase had
been identified by the quali tati ve ana lysis. In these two cases, all the other calc u lated
values were incorrect.

To sol ve this problem, a new calcu lation wa s per formed, a t firs t not using th e nu ll
pha ses and their chem ical compositions. It was observed that the resu lts, ag ain, we re very
close to the standa rd, except for the accessories, wh ich had inclu ded the p revious nu ll
phases. Fina lly, a calcula tion only wi th the nu ll phases and th e accessories was made ,
allowing the quantifi ca tion of these phases.
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4 CO NCLUSIONS

The UFSC method presented results very close to the hyp oth etical standard
compositions. In add ition, the meth od guarantees:

;.. the resolu tion of overdetermined systems;

;.. the resolution of underd etermined systems;

;.. the elimination of solu tions that satisfy math em atically but not physically (negative
amount of a ph ase);

The rational ana lysis method presents some sources of errors, common to other
method s, such as: -

;.. the improp er iden tification of crys talline phases, with the subse que nt alteration of
the nu meric mat rix;

;.. the occurrence of amo rphous or spa rsely crystallized phases in the sample, which
are not sufficiently ev ide nced in the XRD;

;.. the presence of mixed-layered clay min erals;

;.. the simplification of theoretical formulas of some complex phases;

Eventua lly, the UFSC method may present spec ific errors due to:

;.. the presence of two (or more) phases with the same theoretical formula;

;.. the presen ce of a large amount of impurities which has a chemica l element present
in some othe r identified phases.

From this calculation approach a computational routine was developed, allow ing
anyone - and not necessarily a specialized technician - to qu anti fy min eralogical ph ases
of ceramic raw materials. The UFSC method can then be a fast and reliable alternative for
the direct qua ntitative determination of phases.
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