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ABSTRACT

Repllcate analyses of a grano¢10r1:e sample (NSX) by up_to six
e

- _,_,.__—_ e

different methods-=atomic aBsorptlon, flame cmlsSLOn, grav1metry, titra-

tion, spectrophotometry and x-ray fluorescencc——for eight elements—-

"

stlica, alumxnum, total iroen, calc1um magnesium, sodium, potaSSLum and

manganese~-were made to examlne 1f therc is bias between methods and to

assess the precision and accuracy of each me:hod: rtn addit1on, several

international standard reference matertals were run as. control samples and .

to show that precision and accuracy in this study is_repeatable to the
wilues recommended for the standards. Sample NSX has also been well ana-
l§zed by thirty-five different laboratories; hence the replicate determina-

tion on NSX by the different methods gives information on accuracy of the

method.

Results show that there ére.statiscically significant differences
between therdifferént sitods in terms of precision and aléo the different
malytical metgods ield different resﬁlts. It is inferred that these
differences are inherent in the mthodology and there are biases between
methods. Survey of data for three Canadian reference standards, show that
while anélytidal results scatter widely, tabulation by method shows some
s&étematic bias. Tn particﬁlar, Mg? determination by titration is always
-higher,

As a result of the assessment of means and standard deviations of
results, it is recommended that atqmic absorption should.Be used for the
determination of silicon, x-ray fluorescence for aluminum, flame emission

‘ (i1) N



for sodxum and potasslum, titration for calczum and magneszum, whlle man—

-

ganese is especzally well determined by atomlc absorption, tltratlon, spec-

trophotowetry and x-ray fluorescence. These method preferengg§\actua11y

.relate to the position'of ;he'elements in the periodic table.
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"%, - WNTRODUCTTON

Numerous geochemicaf studies, - both collaborative and. individual, have

reported results which varied from laboratory to-laboratory, from analyst

-

o analyst, from sample to samgle_and»cven~£rom time to time. The major

cuse of variability in analytical results in geochemical collaborative studies®

Tas been attributed to inter-laboratory and analyst biases; however,.there
- .

is a general lack of conformity ia the statistical evaluation of amalytical

data, dnd no co-operative studies have been made to 3ssess the biases

’

between methods.. Thus, perhaps the methods themselves, in their unique
characteristics, requirehents and interferénces have been the cause of

¥

much of the scatter of results. .

Ta this thesis several methods of aqgl&sis are éxamined, to determine
the possibility.thgﬁs\ii}séénce of inter-method bias.. Every source of
bias is limited as far as possible by limiting the number of analysts'in-

wlved to one oﬁly.

The review of literature is limited by the fact thdt little has been

done on this subject and only recently some of the more alert researchers

tave alluded to this problem.

.

' Tn this study, eight elements (silicon, aluminum, total irom, calecium,
mmgnesium, sodium, potassium and manganese) have bee& determinkd by up to
wven different methods to try to isolate possible bias between méthods,
using-analyses of variance and other statistical procedures. The following

tabulation surmarizes the elements and methods used in this study:



k3 . S SR :
2o o .
. ' -
 OXTDES - o ETHODS®
P AA FE c T ..  sp '
. _ _ }mFi‘
SiOz.' X | X x o
‘ - - “ -
‘ AIZQB X < < <
Fegos(t) X - B .
Ca0 X - X | ) ‘ ]
Mg? X % -
Na20 X | X- '
%27 X X i .
¥n9 X < .

*Where AA is atomic absorption spectroscopy., FE is flame
emission spectroscopy, G is gravimetry. T is titration
8P is spectroﬁhotometry and XRF is x-ray fluorescence

| spectroscopy.

-



. UT. LTTERATURE REVIEW

There has been little written specifically--on methods and their biases

m rock analysis. Nevertheless, one can detect, woven into numerous re-
. : . : . &

prts, suspicion of biases between methods. With the advent of new instru-

mental methods, problems have been noted but not necessarily anchored to

ay one origin. The statistical analyses -of these methods lie prone to

abjective translation and arbitrary'decision. Values often vary, not only

.laboratory to laboratbry, but also method to.method. While certain stan-

dardization would begin to rectify this situation,_ several authors have

gone further by suggesting other positive action.
' ’

A. BRIEF HISTORY i~

Originally, 'classical' chemical methods were sequential and slow he-

cause they involvedvtimé-consuming precipitations. However, with the incep-

Bon of 'analytical chemistry' and its use of new reagents and techniques,
methods became more raﬁid either with greater accuracy, without greater
xcurdacy or at the expense of greater accuracy. Their speed was due to
meir 'directne#s', in being more metal specific. Flame photometfy added
speed plus accuracy to the determination of sodium and potassium. Thesé
rapid methods were generally based on éolorimetry and their accuracy usually
diminished, relative to gravimetric methoés. instrumental methods are
mechanically-orientated and as such have be;tér answered the need for accu-
mte standard procedure than did 'classical' methods which required. great

sill to achieve consistent results (Bennett, 1977).

. %
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Today,-the types of instrumental. methods ate multxplylng rapadiy.

- - - -

This 51tuat10n was- expressed by la Roche and Govxkfaraju (1976) as a .

T

table Vhlch showed.that from 1964 to.197h, results obtalned for MgO 1n:
gnnlte by both chemlcal and phy51cal methods increased in numbér from -
B :é*go and from 6 to 23 'respectlvely._ This tendency towards phy51ca1
methods also occurred fo; other elements—-A1203, Fe203.(total), Mn9,
€29, Tif, but not S:LO.,. -

P While thls 1ncresse in instrumental mennods has its benefits, ir also

lns its drawbacksJ Tt the one hand, an analyst may better suit the method .=

o the clement because of the variety from which to choose. %n the other

tend, the agif{evement of comsistent results must now consider another fac-
. ' ’ .. ) .\
ding to Abbey (1977), variations in new methods are infinite and .

L]

tor--acc

great influence the results of techniques used and the final assessment

data. These variations and their influences on biases must be acknow-

ledged.and understood so that théy <an contribute to 2 more 3ccurate geo—

chemical analysis. ) -
»

5. GENERAL EVIDENCE OF BTASES

This infinite variation in method and results (Abbey, 1977) has been

eaidenced in several reports. Abbey et al. (1975) noted, in their collabora-

tdve study, that even among laboratories which they felt to be the better
laboratories, there existed 2 number of "coénspicuous outliers"” in the results.
* . & is interestigg to note that, while Abbey considered this to be intetr-

. laboratory variation, Roubault et al.(1970) offered a different explanation
' ]

of variation in- results.

Roubault et al.(1970) stated that each determination concerns the

4 fference between a 'true' and a mean/median value. This small or




'Ff

. very small "residual va_lu_é' is usually hidden amc;ng glafing similar véil;es

thich agree but add no information. This réport'added further that any
malytical method which cannot measure such small values is of litfle.con~

saquence. 'rhé variations of results which both Abbey et al. (1977)’ and

" Poubault et al. (1970) mennoned could well be studxed £or ev:.dence of mter-

“ - ; )
nethod b:,as. Tables 1 to 6 of th:.s report break dow'n Abbey v-3 \Lalues

(llsted accordlng t:o 1aboratory) into values '1cc0rd1ng to elcments and the )

-nethods employed ] '- T o i

- According to Abbey (1977) and Roubault et al¥ (1970), the amount of

S

\alld :Lnformatlon -wh:Lch collaboratlon offers dlmlnlshes as its number of

[

- N

mwsults inc;easesi After reaching peak infomation, statistical analyl::.cal

L
»»

(quantity) data must be replaéed with first-rate (quality) Enalysis

- - .

(R'Oub'ault‘et' al., 1970) 'I‘hus, once a close harmony of the more obv1ous

'data is establlshed,é closer s:udy of the results could be made (13 Roche

-

L

-~

.:nd Govindaraju, 1976). 9f special importance. would Be_ concurrent data
compiled by one laboratory using a limited numér of methods of det:e‘r-
mnation, and special requests coﬁld be issued for qualified, specialist
hborat-ories to use several met:'hodé on several elements,(Ro;ba;xlt et al,
1970). This trend lies close %o the aim of this tl;esié. The number of
" wssible sources of bias is reduced to one 'laborat'éry' and one :-m:alyst:3
thereby isolating -probable sourde of bias to one fa\chtor only--that of
method. ‘ |

. Some specific informatiom on such inconsistencies of results. is
arailable. La.Roche and Govindaraju (1976) 'nlot:e that 'whereas atomic ab-
rption is poor in prec151on x-ray fluorescence shows very good precision.

T another xase, Abbey et al. (1975) noted that in the determmatlon of

carbon dioxide by two variations ‘on a method (acid and combustion), at

}
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%

1east two laboratories usmg both methods reported apprec:.able dszerences. .

Hbey. suggests this - dlfference may be caused by non—carbonate carbons oT oo

gantami‘nation. Yet he states wj\rer’al G'.‘S. C. laboratories .
weporting 'C’JZ values on rocks which @id not contain non-carbonate ‘carbon,

5

* With Varian Techgron (1972). Tnterferences can vary between elements within

there were dlfferences in results, Abbey (1977) did. not attribute them to

-method bias but rather to mter—labora:ory bias. Abbey reports the com-

hustion values were persistently but not consist‘ently higher. Then he

.stated that while bias may be . the cause of the h:.gh values, not enough m- -

- formation was available to confirm this. In his later supplement (Abbey,

1976), he noted that there is 2 definite difference between methods_ but
mkes no statement on the existence of 'bias'. Turek et 21.(1978) use

four separate methods to determine carbon dioxide and also found combustion

.pethods to give high results.

-

.-“‘Dﬂther-s have noted suth d;'.sagreeing' results. Eem:xett (1977) no;ed
that for calcium determmat:.on, results were 1ower by instrumental than
by chemical methods. Varian Techtron (1972) noted that different methods
mve theu' own interferences-~even atomic absorp-tlon and flame emission.
Hbey (1977) noted that in Fairbairn's 1951 pioneering report on the
Brst U. §. Geological Sur‘:r‘e’y standards G~1 and W-1, there appeared, to the-
anazen;éi;;t of analysts and' petrographers, a great divergence iTn (what Abbey
> onsidered to be) ‘inter-laboratory results on the same const:;t:uent of the
sane sample. Yet it sould be noted that the methods employed in that 1951
study included chemlcal and spect‘rographxc analysis. -

tnterferences can vary eve?srbetween analyses, be they chemical or

fysical. Abbey et al. (19753 )éted that direct®interference is more likely

. . 4 .. ..
o occur in chemical methods than in instrumental methods. This disagrees

astrumental analysis (Quirt 1978; Appendix 1) (Mitchell, 1978). Such a



- ‘s

- var1ety of mterferences “and the resul-txng variety of values, could be in-—

LI

\estigated”as a factor contrlbutmg to inter-method b:.as.

-

©¢. STATTSTICAL EVIDENCE OF BtAs'Es

*Te is well I_énown'that collaborative analyses on goechemical standards
reveal w_idespread values (Turek et al, 19783 . .Analysts ‘tend to assess
malyrical data by 1ntu1t1ve Judgement which often is not in line with
statistical judgement (Ellis, 1976; Steele, 1977). These sub;ectwe deci- .
sions per\rade statistical reports On analyscs.

Abbey (1977) ca.tes the different parameters wh:.ch various countnes
we 'for reJectlng outlrers '——from France's one and more standard devia-
t;o:}s to South Africa's three and more standard dev:.atlons. When.la Roche
and Govindaraju (1976) were faced with a high medlan and a low mean, they
chose as a preferred value the higher of the tro because several 'select’

-

‘ Iaborator:.es had reported even higher preferred' values than their own. It

was further noted that the chosen value was almost :Ldent:.cal to the prefer-
re-d median of chemical methods and the preferred mean of physical method.
T the case of Nazf)lin the same report, only physical methods were used—=
mainly a;:Om-ic absorption and flame spectrophotometrw;;. Their decision in

-

this case was to recommend an average of the two results as a preferred

wlue. -Such arbitrary actions are, at the mor:;ent, necessary ‘b'ecause the
mny variations in the results have no immediate solution. Tnstances of
such subjective decisions are indeed widespread (Abbey, 1975 Abbey, 1976
Hbey, 1.9.77; 1.a Roche and Govinderaju, 1676; Roubault et al al, 1970; Ellis,

-

1976; Steele, 1977)-.



A

D. SUGGESTED SOtUTTbNS TO STATTSTTICAL BIASES-

Suggested solutions to the probleﬁs of divergent reésults are as numer-

s as the problems themselves.. Abbey et al.(1975) noted that if has

teen suggested that in the extremely difficult problem of 'choosing'

vdldes,:one can use 'semi-empirical' methods. FEanagaﬂ (in.Steele, 1977) .

ssggeqted the eed - for statlstlcal e\perlmental desmgn to derive maxi-

mm information ~from submztted collaborative analytxcal data. La Roche

md Govindaraju (1976) devised aletter code Lo desmgnate sample prepara-

don, analytical method laboratory, even analyst.  Abbey (1977) claims,’

however, that whild 1etter codes for methods and biases are CffCCthC

for commercial products, they are 1mpract1cal for rocks because ‘the varia-
dong.in.methods are infinite and important.. Tn the same report, however,
h: did suggest several steps which would facilitate more accurate eretiSf
tical analysis--including a more meaningful, standardized terminolbgyh

of analytzcal method and assigned valdes (Ts this not the dlrectxOn in
which la Roche and Govindaraju were headed with the letter code?) and a
mre consxstent procedure for deducing c0mpoeitional values from raw data.
Bowever, he himself failed to take advantage of this breakdown of methods

-

i arriving at the so-called recommended value. This would, indeed, remove
mich of the subjective element in statistical analysis. The resulting
mprovement of statistical treatment would in turn improve the understanding

o analytical methods, which would in turn improve the statistical analysis,

wtil a complementary cycle is established.

E. EVIDENCE AF ANALYTTCAL METHQD BTASES

While biases have several origins--laboratories, elements, analysts--

me type is evidenced in several reports yet rarely considered in its own
Al

4

3

b
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¥arl Fischer method showed & hlgher mean thau che Penfleld method which also ..

‘right. Turek et al. (1976) found in his Hy9 determxnations that the

sowed “a lower precision. Turek et al. (1978) found that in determlnlng

carbon leYlde, the different methods (grévimetric, titrimetric and volu=*

metric) showed obvious; distinct biases between means and corresponding

sandard deviations. Anothcr 11tt1e—dLSCussed possible source of bias may

ke in sample hetcrogeneity--a problem that

a (1976) and Turek et al.(1978).

-

La Roche and Govindaraju (1976) found

has been stud1ed by Ridley et

many instances of bias between

- methods. For K,9, atomic absorption and x-Tay fluorescence gave different

msults. For irem, the preferred mean of physical methods was lower than

that of chemical methods. For Mn? the mean for chemical me;héds was higher

than that of other methods; the minor constituents by physical methods

diowed a lower standard deviation than by chemical methods. For the e

foldspar .sample (FK=N) for K,0 only physical methods were used yet results

¢ill indicated a bias. - Atomic absorption

gave a higher mean than x-tay

" fuorescence but it yielded a lower standard deviationm. For aluminum,

the mean for chemical methods alone was slightly lower than the mean for

cither both chemical and physical together

Foche and Govzndaragu, 1976).

La Roche and Govindaraju (1976) did state that agreement between

~mean and median is not always the only erit

commended or proposed values. They feel

)nnsider agreement between results of diffe

F. SUGGESTED SALUTTIONS T? ANALNTT

or physical methods alone (la

eria valuable in determining
it is equally necessary toi

rent analytical methods.

CAL METHOD BTASES

Chemical and phy51cal analysis work hand in hand with statistical

malysis. Christie and Klfsen (1977) stated that relrable reference



: . -,.—10;‘ - - . o ‘

. mat.erials form a basis. of con.t:rol for amalytical and chemical method‘s
xd would. allow for better un-derstand'ing of method conditions and paxl-a_—'

meters. " The resulting. "true’ cpr;cqr;trations would ;ailoxél any analytical’
method to be tested stat‘isticaliy'. While statistical ,a‘nalysis‘of colla-
borative studies would give important .infomatién on .populatiqns' which
c?termine characteristés, .estlimation of ‘iﬁter-—-laboraté’ry standard

&viation' would allﬁw_ the analyst to evaluate a given method.

_Tn consic-iérin'g the r?latiqnship between analytical method and sta-
dst‘i'cal analysis, I‘{oubaul.t'- g_;;gL_(1970) recommended an imp‘ro.vémcnt in
qxallity of method rathér than in quantity of data. Here Roubaul,s seems.

. o agree wit:n Abbey (1977) who found that in the collaborative étudy,
;rec:isior; scemed to deteriorate with am increase in available rcsn;lts.

. the of Abbey's 's.ugg-(;stions, 1like that .of Roubault et al.(i970), was an -
jmprovement inm quality--but byl careful selection of a reliabl.e, limited
group of analysts to determine a limited, select group of elements.‘

De Laeter and Rosman (1977) stated that accuracy of analysi_S depends
o many uncertainties. They cite Ridle;' et al.(1976) where homogenelty
was shown to be a major contributor to incongruent results. Controi must
indeed start as early in a study’ as ﬁossible and homogeneity tests are
me of the early conl;_rols which can be- exercised. But it must be noted
that while Ridley et al.(1976) proved inhomogeneity does cause bias, it
des not follow that all bias is caused by inhomogeneit:y-' Strong proof
of this point lies in the 1978 report by Turek et_al.where homogeneity
tests were run and showed a2 good levél, yet bias still occurred. This
indica;es that bias was caused by additional factors.

dther controls have been suggested, such as sending specific in-
structions with the samples to be analyéed. Turek et al.(1978) sent

dissolution instructions and specified that atomic absorption alone



wgg Eolbe used. La Roche and GovzndaraJu (1976) suggested that the method
o x-ray fluorescence for geochemlcal rock standards gives a ‘more systema—
tic control o£ tesultsll Abbey (1975) stated that some collaboratzng‘labof
1ntories.used several methods where poséible, pr0vidiﬁg (in some cases)

.-

f"mdcpcndant checks on results, while others placed all confldence on one

"method.’ Abbey declined statlng wh;ch as;roach he felt was moTe effectlve..
Flanagan (1969) suggcsted a standard method of rock analysxs. Abbey
(1977) claimed this would be 1mpract1cal becauec (a) there is -little
& fference between me;hods and -{b) silica's vqrying cqpposxtlon would
mke the structuring of onc ﬁéthod very difficult. One must rémember,
towever, that maﬁy.differqnccs of rcsu1£s do occur, and that la Roche
. ad Govinéaraéu (1976) said tﬁat'these sm5i1 'residual’ valﬁes are what
‘neally matter, not useless agreements en masse, which.has ﬁeen terhed,
somewhat feciciously, the democr;tic methodiof arriving at a 'recommended’
wlue. | |
Abbey (1977) did propose severﬁl controls relating to method which
hcludeé (a) greater communication between institufions‘regarding samples,

®) more uniformity of sample préparation and homogeneity tests and ()

mwre careful ‘selection of collaborating laboratories and tasks to be

mrformed:

G. CONCLUSTONS

All in all, based on a re;iew of literature containing aspects of dethod
tias, there seems to exist a pargdox. At one-end of the spéctrum lie the
ideal, theoretical conditions of geochemiéal analysis-—systematic conﬁrols,

» A
complete comprehengibn] universal standardization, speed and accuracy--
vhile at the other end of this specﬁrum‘lie the'existant conditions—-

inconsistent terminology, confusion of method and of results and arbitrary

e



. i . . ) l _:12._ ‘. ) ) .- . ~

statistical decisions. Nevertheless, all are bec0min§ aware of the situa-
tion and éventually,

'existant' conditions may -begome compatable with the

from the many valid suggestions for improvement, the

I

'ideal' conditions,

.

Tt is hoped that this study of method biases  may contribute to this end.

1

®
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" {TT. EXPERTMENTAL SAMPLE PREPARATION PROCEDURES

A. SAMPLE PREPARATION

A typical rapid rock analysis scheme involves the detcrmination of
fhirteen coustitucnts (Turek and Riddle, 1977), Most elements are deter-
rincd on solution 'B' (AL, Fo,0,, Cad, Mgd, Nad, K0, Tify, Pyls, M0) .
Solut_ion 'A' is prepared for the determination of-SiO,}.' Separate aliquots

of powder are rcquifed for the del:ermiﬁation of-HZ‘J, CO2 and Fen.

B ISilicon cannot be determined on solution 'B' because it c_:scapcs during
the dissolution. ~An alternate method called here 'JA’ .is given by Wa;rd (1977}
l:.nd is useful j.n the determination of A12')3 ;md’Si’)2 by atomic absorption.
This solution JA' is not appropriate for colorimetric (spectrophotometer)

methods, because boric acid interferes with color production. Therefore,

Qr

olution 'A' had to be made for spectrophotometric determination of S§i9,

xnd as a check on solution 'B' for A12’33.

B. PREPARATION OF .SOLUTTIN 'A’

.

A rock powder fusion was made and dissolved to produce solutic;n 'A'
(Turek and Ridédle, 1977). Six separate dissolutions of sample NSX, one
o feldspar #70, one blank, and ome GA reference sample w‘ere prepared.

Accurately, about 0.1 g of the sample was weighed into a graphite
crucible which contained 1.5 g of flux (].. part 1§thium metal;orate |
tv 2 parts lithium tet:rabor:;te). The flux was weigh&d in first, so as to
wap around the rock sample during fusion, The mixture was placed 1in a

‘muffle furnace “for thirty minutes at a setting of 1125°C and then was

mmoved and allowed to cool. The bead was dissolved in a 400-ml plastic



»

teaker whith was half full of watér with 40 ml of 2SZ-v/v nitri;‘apid.f

then dissolutiqp'waé complete, the solution was quantitatively transferred

mto a 500-ml volumetric nalgene flask, made up to volume, and mixed
thoroughly.

- -

" C. PREPARATION OF SOLUTION 'B'

Solution 'B' was a dissolution of the rock powder by hydfo#hloric,
jnfchloric and hydrofluoric acids (Turek and Riddle, 1977). Nine dissolu-
tdons of .sample NSX were made and also one of: BCR-1, éA, 'in-house'

X-2 and a blank. A reference sample synthetically prepared from ionic

sandards to simulate ‘G-2 (SYN.G2) was prepared by G. Marzetti and used in

 this study.

-

Accurately; about 1 g (9 ti@es) of the NSX san?le, 0.5 ¢ of.BCR-l, GA
md AC2-2 were plaqu in scparate 30-ml platinum crucibles. The dried rock
pwder was wetted down and baked. to dryness, usihg 10 ml of gydrofluoric‘
aid (487 HF). Another 10 ml of hydrofluoric were added to the crucibles
@o heat) and allowed to go to dryness. At drymess, 5 ml of hydrofluoriq
ad 5 ml of perchloric acid (72% HC124) were added and reheated to dryness.
The samples were heated on maximum heat sétting untillall fumes were given

off and for one-half hour at the highest setting. After cooling, 20 ml of

&8 HCl were added to dissolve the encrusted residue. Contents of the plati-

-num dishes were then transferred to 500-ml velumetric flasks, rinsing

frequently with 2%N HC1l, and made up to volume with triple-distilled water.

D. PREPARATION OF SOLUTION 'Ja’

"

The method given by Ward (1977), was modified for use¢ with a Parr acid

digestion bomb and prevents the volatilization of silicon as SiFy.
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Accurately, about‘O.S g pf dried rock powder sahples were placed into

the teflon llners of the Parr dlgestxon bombs. " Prior to sealing each bomb,

4wl of ZLN hydrochlorxc acxd 2 ml of °¥N nitric acid, and 10 ml of con-

csntrated hydrofluorlc acid (Aa/) were poured into the teflon liners. The
¢

‘@aled bombs were then heated in..a_warming oven at 950° for ‘three hours.

" They were cooled for one hour in a refrigerater: then, the contents of the

teflon lifiers were quantitatively transferred to 500-ml plastic volumetric

flasks. t; order to complex the remalnlng hydrofluoric acid, 9.33 ¢ of
_ oric acidAcrystals were added to each flask and made up to volume wlth
triple-distilled water. | -
The preparation of solution 'JA' has two advantages over solutiom” 'B':
i) Solution 'B' ;equires 24 hours for dissolution, whereas solution 'JA'
requires approximately & héurs. -

(1) During diéestion of solution 'B', silicon 1is baked off and therefore
. > ’ .
cannot be analyzed, whereas in solution 'JA', the system is closed,

¢ilicon does not escape and hydroflﬁoric acid is complexed by the
r .
boric acid.

E. PREPARATTON OF STANDARD SOLUTTONS

{

For each element to be analyzed, standard solutions were prepared for
the purpose of construction of calibration curves. These standard
olutions were made from Fisher Chemical Company certified.ionic stock
slutions of 1000 pg/ml concentration. A range of standards which would
racket the amount of the comstituents being analyzed was prepared for

T
each element.

Tron standards were ac1d1f1ed with 6N hydrochlorlc acid;’ a separate

et of standards for calcium and one for magnesium were prepared and



P

L2}

‘diluted with a releasxng agent-—lanthanum oxlde.

The range of concentratlon of the scandard solut1ons and the workxng

cnndltlons are’ llsted in each element's respectxve table. . WQrklng condl-

tions were obtalned from Varian Techtron (1976), for use wlth'model AA-l?S.

F. PREPARATION OF X-RAY FLUORESCENCE GLASS PELLETS

For x-ray analysis, glass pellets were prepared because of their
superiority over rock pcllets thh regard to homogenelty and to reduce the
matri\ effect. Tt should be noted, howcver, that sod1um escapes durlng high

wemperature fu31on in glass pcllets, whereas sodium can be analyzcd in rock

mllets. 3

-

Aécurately, about 1.0 g of rock samsle were weighed into-s.graphite
_crucible which already contained 2.0 g of lithium tetraborate flux. The
flux was weighed in first, so as ‘to wrap around the rock péﬁder during fu-
sion. The r;tio of rock ﬁowder to flux must be exactly one part sample to
two ﬁarts flux.

The mixture was placed in a2 muffle furnacg%fpreheéted to 11509C) for

. : )
twenty minutes. Ipmediately, the_melt was poured out onto a freshly cleaned
dluminum plate.  The résulting glass bead,‘ihen cool, was crushed for three
mautes in a shattsrbox. The resulting glass powder was transferred into
o air-tight plastic vial and kept in a dessicator.

The total amount of glass poﬁder was mixed with four drops of 27 w/v
polyvinyl alcohol (which acts as a binder). Borax was added to provide a
backing for the pellets and the whole mixture was pelletized in a 32-mm
die for fifteen seconds at 5.98 KPa (9-ton) pressure.. The.resulting'glass

ellefs were labelled and dried for 24 hours.



V. AMALYTICAL PROCEDURES

A.  ATOMIC ABSORPTION SPECTROSCOPY

—— N )
a. Theorz T .- ' )
. ' The method of atomic absorption spectroscopy consists of creating a

flasma to contain the free atoms of the elements-to be measured. -The free

-
-

atoms are present in both excited and ground states; a beam of light of

exactly the ssme wavelength as that emitted by the excited atoms is passed

through the plasma or flame. The intensity of the light beam is measured.

befofe and after paséihg through the\ab#orbipg ground-state atows. The.
amount of absorbed energy is directly.propor;ional to the number of atoms
presenf. o -

3 . Compounds, upon vaporizing in the flame, partiélly or totally dissoci-
ate:into their aéomic consti;uents. The number of excitéd atoms, N., ;s

related to the number of ground-state atoms, No’ at any given tempera;uré,

-~

T, as noted by the Boltzmann Principle (Price, 1969). ¢
* ' - P- _EJ
' . ‘N, =N_x -1 exp --=
o
?0 kT

-

where Pj and Po are statistical weights of the two energy states Ej and Eo,

.

. mépect:ﬁvely.

The ratio Nj:No, the proportion of excited-state atoms to ground-state,
aoms is therefore a f;nction of temperatufe.

The value Ej (wavglength_of the spectral line corresponding to the
transition between ground and excited states) is inversely proportional to

the number of atoms in the excited state.
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" Atoms-in the grouné state only_'abso:b energy at wavelengths correspon—

ding to their own resonance lines. When an electfon is raised from a lower

.excitation state (El) to a higher excitation state (E,), a line spectrum-is
produced. The first energy line produced by excitation of the atoms is usu-.

dlly the most sensitive and therefore the most frequently used in atomic -

LY

:bsdrption. The absorption.at tht peak of energy line is proportional to

the concentration of atoms held in the plasma vapour.
A narrow band of radiation at a specified wavelength 'is emitted by a

light source, a hollow cathode lamp. The radiation is direcfed through the
T ' . . ol '
flasma vapour containing the ptoms “and onto the opening slit of the mono-

diromator which separates the desired energy lines from others being emitted.

y -

Te intensity af transmitted radiation is governed by Beer's Law (Price,

1969):. . =T exp(—ébc)

-

were T is the intensity of incident radiation; I{_ is the intensity of

t

transmitted radiation; ‘a' is the absorption coefficient at the wavelength
wed; 'b' is the concentration of absorbing atoms and ‘c¢' is the length of

the absoi-ﬁ:tion path. . .

.

Absorbance is proportional to the concentration. for”any given absorp-
tion path length at any given wavelength (Varian Techtron, 1:371).

The model used for this thesis :as Atomic Absorption Specﬁrophotometpr
M~175 Series by Varian Techtron Pty., Ltd.

The calculations for percent oxide in the sample solutions are:

Conc. x V& x D x CF x 107%
% Oxide =

Wt. of Sample
therﬂor'lc. is ‘t:he.conc'entfgtion of the analyte in ug/ml; Vf is the total
wlume of the samplle solu—tion in ml; D is the dilution factor and CF is
the coni{eréioﬁ factor (see Appendix TV).
The concentration of the analyte (Conc.) is cbtained by deduci_ng -a

@libration factor; CF = l/slope from the calibration curves.
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' ‘ Flame A .
— ) :nll!lut -
Hollow— R R S Ampl.
cathode . l
tam
P Ya Fuel,y?_.__J L " Recorder
: Oxidant
'l Monochromator
: ' Sample T . .
Light Source of )
Spe¢ific wavelength ~ Transmitted
{Incident Radiation) Excited State Badiation
= . £33 . -
. N - e e
— Energy aAbsorbed == =-— === —- —
. e memm i~ —_
. i N -
Intensity (Ig) ’ Ground State . Intensity (I.)
'Fig. 1. Schematic layout of atomic absorption‘nﬁx (Ewing, 1969
and ‘diagram of energy absorbance.

- b. - Analvtiecal Procedure

e

4

1. Silicom by Atomic Absorption SpEETTOSCOPY

Silicen was determined on Lwo dissolutions, sample 'JA' and sample 'A'.

Slution 'B' was not used because the silicon evaporated during dissclution.
-+ .

-'Ionic standards of SOMpg/ml‘Si to 400 pg/ml Si were used for both dis-‘
olutions. Working conditioms for the ionic¢ standards and the sample solu-
dons were identical (Appendix 1 and Table 7). The calibration curves
ze produced in Figs. 2 and 3. Absorbance readings for the samples are
in Tables 9 and 10. The concentration of silicon in solution as percent

&ide-is reported in Tables 43 and 44.

- -
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TABLE 7. IONIC STANDARDS FOR - .

$TLICON IN SOLUTION 'A' BY ATOMIC ABSORPTION.

. uonxxns_connxr:oﬂs

WAVELENGTH

SLIT WIDTH

LAMP CURRENT

FUEL -

FLAME STOICHIOMETRY
SUPPORT GAS

CONC. OF  ACTUAL .
STANDARD ~ READING

pg/ml . - A
TR o.0s
100 0.089
200 0.170
300 0.255
400 0.334

- - - — - -

o : acetylene,
reducing; yellow outer edge
~ nitrous oxide

absorbance
RIS zmRo AVERAGE
REPEATS CORRECTED READING

. A A
e )
6 0.090 0.080
. 6 0.174 0.170
6 0.254 0.250
»6 0.337- 0.330

THE SLOPE IS 0,0008

THE INTERCEPT IS -0.0086
THE CORRELATION COEFFICIENT IS 0.99986
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" IONIC STANDARDS FOR

SILICON IN SOLUTION 'JA' BY ATOMIC ABSORPTION

[ I pe— SR Y e ik

" WAVELENGTH
SLIT WIDTH
.~ LAMP CURRENT
. FUEL
FLAME STOICHIOMETRY
SUPPORT GAS
MODE
. CONC. OF  ACTUAL
STANDARD  READING
ng/ml A
_ 50 0. 040
100 0.079
200 0.152
300 0.225
400 0.295

HORKING CONDITIONS

acety1enel'
reduc1ng, yellow outer edge
nitrous oxide

absorbance
ANALYSIS ZERO T A;EEREE
REPEATS CORRECTED READING
o A A

e T T oo w030
6 d.079 - 0,070

6 0.153 0.140

6 0,226 0.210

6 0.296 0.280

THE SLOPE IS 0.0007
THE INTERCEPT IS -0.0098
THE CORRELATION COEFFICIENT IS 0.99995



27~

TABLE 9

SILICON. TN SOLUTION 'JA' BY ATOMIC ABSORPTTON

ROCK ACTUAL ANALYSIS = BLANK & ZERO " AVERAGE

SAMPLE  READING  REPEATS CORRECTED . READING

o A : A - LA
BCR-1 . 0.180 6 0.180 0180 -
GA 0,225 6 0.225 0.225
SYN.G2 . 0.229 6 0.229 . 0.228
NSX-1 0.221 6 0.221  0.22]
NSX-2  0.24] 6 0.246" - 0,241
NSX-3 0.225 6 0,225 0.225
NSX=4- 0.224 6 0,224 0.224
NSX-5 0.220 6 0.220 0.220
NSX=6 . 0.222 6 0.222 0.222
NSX-7 0,222 6 0.222 0.222
NSX-8 0.224 6 0.224 0.224
NSX-9 © - 0.222 6 0.222 0.222

TABLE 10

SILICOK Ik SOLUTION 'A' BY ATOMIC ABSORPTION

ROCK -ACTUAL ANALYSIS BLANK & ZERO AYERAGE
"SAMPLE READING REPEATS CORRECTED READING
A A A

GA 0.053 6 0.052 0.052
Si0,-Pure 0.076 6 0.074 0.074
NSX-1 0.052 6 0.052 - 0,051
NSX-2 0.056 6 0.056 0.056
NSX-3 0.053 6 0.052 0.053
NSX-4 0.051 6 0,050 0.050
NSX-5 0.052 6 0.051 0.051
NSX-6 0.064 6 0.064 0.063
NSX-7 0.052 6 0.051 0.051
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Aluminum by Atomic Absorption Spectroscopy

Alummum was determmed on both solution 'B' and.soldtion‘_ ‘A,

~

‘Tonic standards prepa:ted rangc:d from

Slution 'A' was the dissolution used in the calculatlons of biases.

~ Slution 'B' was not used due to lower values obtained (Tetley, 1973).

20 pg/ml Al to 100 pg/ml Al for

toth' solutions. The working conditions are the same for the ionic stan-

Girds and the sample solutions (Table 11).

Hr aluminum standards is shown in Fig. &.

-

Typical calibrationm curve

-

Readings are recorded ip Tables

1L and 12. The percent oxides for both solution 'A' and 'B' were calculated

#2d noted in Table 54.
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’ TABLE 1%, - IONIC STANDARDS

ALUMINUM IN SOLUTION 'A* BY ATOMIC' ABSORPTION |

HORKING CONDITIONS N

WAVELENGTH - 309.3 nm

_SLIT WIDTH - ) o .2 nm
LAMP -CURRENT - - , i 1020 mA
FUEL ' ' . acetylene-
FLAME STOICHIOMETRY ' reduc1ng, red cone 1-2 c¢m high-
SUPPORT GAS - nitrous oxide
MODE ) ‘ - " absorbance
.CONC. OF  ACTUAL ANALYSIS ZERO ~ AVERAGE
STANDARD  READING REPEATS CORRECTED READING
ng/ml A : A N
20 ' 0.069 6 . 0.069 0.065
40 0.133 6 0.135 ~ 0.127
60 0.198 6 0.199 0.186°
80 0.255 6 0.258 . o.282°
100 0.299 6 0.300 0.288

THE SLOPE IS 0.0030
THE INTERCEPT IS 0.0002
THE CORRELATION COEFFICIENT IS 0.99520

SLOPE DERIVED FROM STRAIGHT
PORTION OF CURVE

TABLE 12.

ALUMINUM IN SOLUTION 'A* BY ATOMIC ABSORPTION

ROCK ACTUAL ANALYSIS  'BLANK & ZERO AVERAGE

SAMPLE ~ READING REPEATS CORRECTED READING

A A A
GA 0.048 6 0.052 0.051
SYN.G2° 0.256 6 0.260 0.260
NSX-1 0.051 6 0.052 0.052
NSX~2 0.056 6 0.056 : 0.057
NSX-3 0.053 6 0.053 0.053
NSX-4 0.052 6 0.054 0.051
NSX-5 0.052 6 0.052 0.050
NSX-6 0.062 6 0.062 0.060
NSX-7 0.052 6 0.052 0.050
BLANK 0.000 6

0.000 0.000

— e - -
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3. Total Ironfhy Atomic Absorptisn Spectroscopy

Total iron was.determined directly on solution 'B'. The ionic
sandards ranging from 15 to 6 pg/ml were acidified with 6N HCL.

The working conditions are listed in Appendix 1. Fig. 3 is the

@libration graph. Tables 13 and 14 are the absorbgnce'r_cadings.- Con-

. ontrations as percent oxide are-listed in Table 64.
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 TABLE 13. IONIC STANDARDS FOR

I

RON BY ATOMIC ABSORPTION

-

-

-‘.HORKING CONDITIONS

248.3 nm

" WAVELENGTH .
SLIT WIDTH - . .2 nm
LAMP CURRENT " 5.0 mA
FUEL acetylene
FLAME STOICHIOMETRY . oxidizing
SUPPORT GAS . o air
~ MODE ) ) " absorbance
CONC. OF  ACTUAL ANALYSIS ZERO AVERAGE .-
STANDARD ~ READING - REPEATS CORRECTED " READING
pE/ml A A R T
.5 0010 6 ~0.013- - 0,010
1 0.024 6 | 0.026 0,020
2 10,047 6 0,050 0.050
3 0. 071 6 0.073 0.070
6 0.146 6 0.146 0.140

THE SLOPE IS 0.0244
- THE INTERCEPT IS ©,0005
THE CORRELATION COEFFICIENT IS 0.89930

TABLE 14.

IRON BY ATOMIC ABSORPTION

ANALYSIS BLANK & ZERO

ROCK ACTUAL AVERAGE
SAMPLE READING REPEATS CORRECTED READING
' A A A
BCR-1 - 0,108 12 0.108 0.110
GA 0.058 12 0.050 0.050
AC2-2 0.071 12 0.071 0.073
SYN.G2 0.048 12 . 0.047 0.047
NSX-1 0.068 *12 0.066 0.069
NSX-2 0.069 12 0.068 0.072
NSX-3 0.064 o 12 0.066 0.069
NSX-4 0.064 12 0.064 0.067
NSX-5 0.068 12 0.068 0.071
NSX-6 0.065 12 0.066 0.069
NSX-7 0.067 12 0.067 0.070
NSX-8 0.068 12 0.067 0.070
NSX-9 0.069 12 - 0.069 0.072
BLANK 0.002 .12 - 0,000
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4 Caleium by Atomic Absorption Spectroscopy

Calcium was determined direétly on solution"B'. A releasing agent,_

Ianthanum oxide (4633.2 ppm) was used to dllute all samples and standards.

e use of a releas1ng agent is recommended by Vdrian Techtron (1971)

The jonic standards. were not prepared using 1anghanum oxide because -

they only contained_calciﬁm but the blank solution was diluted with the

releasing agent.

-

Standards were preﬁared ranging from 0.5 pg/ml to 7 ug/ml. The cali-

kration curve is shown in Fig. 6. Tables 15 and516 are the absorbance

readings. Percent owxdes are l;sfed in Table 74&4.
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TABLE 15

36~

10NIC STANDARDS FOR .

'CALCIUM WITH LANTHANUM OXIDE BY ATOMIC:ABSORPTION.

WAVELENGTH
SLIT WIDTH

* WORKING CONDITIONS

LAMP CURRENT

FUEL

FLAME STOI CHIOHETRY

d

422.7 nm

.2 ‘
3.0 mA |

acetylene

reducmg. red cone 1-1.5 cm high

agEEORT oS abso\@:pé—é 10 sezjt:zzzrg:f;g:

CONC, OF  ACTUAL ANALYSIS ZERD - - AVERAGE

_y" STANDARD ~ 'READING - REPEATS CORRECTED READING
yg/ml A . : A A-

.5 0.052 5 0.054 0.054

1 0.116 -6 0,115 0.118

2 0.248 6 0.251 0.250

3 £ 0,374 6 0374 0.375

5 0.616 . 6 0.629 0.625

7 0.890 5- 0.931 0.913

THE SLOPE IS 0.1283
THE INTERCEPT IS -0.0066
THE CORRELATION COEFFICIENT IS 0,99967

TABLE 16

CALCIUM WITH LANTHANUM OXIDE BY ATOMIC ABSORPTION

'BLANK & ZERO

AVERAGE -

"ROCK"  ACTUAL ANALYSIS
' SAMPLE  READING  REPEATS CORRECTED READING
. | A - TUA A

BCR-1 0.640 6 0,676 0.598
GA - 0.471~ 6 - 0.469 0.391
AC2-2 0.399 6 0,394 0.316
SYN.G2 0.228 6 /0,225 0.147
NSX-1 0.383 6 0.383 0.305
NSX-2 0.393 6 0.393 0.315
NSX-3 0.378 6 - 0.379 0.301
NSX-4. 0.382 6 0.380 0.302
NSX-5 0.364 6 0.359 0.281
NSX-6 0.359 6 0.360 0.282
NSX-7 0.360 6 0.364 0.286
NSX-8 0.379 6 0.382 0.305
NSX-9 0.343 6 0.343. 0.265
BLANK 0.078 6 0..000 0.000



'S. Magnesium by Atomic Absorption Spectrostopy .

Magnesium was determined- directly on solution_'ﬁ‘. The samplé
ﬁblu&ipns and blank were the same as those used for-cqlcium deEermina— ‘ *
dons; Magnesium also needed a releasing ageﬁt, lanthanum o#ide (Varian
Techtron, 1972) -Operating conditions are listed in Appendix T. The stan-
ldardé ranged from 0.1 pg/mléto 2 pg]ml. fhe calibration graph (Fig. 7) was
prepared using only 0.1 pg/ml to 0.8 pg/ml thch bracketed the concentra-
tion of the sample solutions.
.Two sets of samples were analyzed, one set without a releasing agent

md the other with a releasing agent. Concentration as percent oxides for

' the two sets are tabulated in Tables 80 and 81; the results uéing the\re-

leasing agent are more correct and illustrate the need for the use of a

mleasing agenﬁ. Absorbance readings are in Ta§1es 19 and 20..
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TABLE 17 . IONIC STANDARDS FOR

- MAGNESIUM WITH LANTHANUM OXIDE BY ATOMIC ABSORPTION

WAVELENGTH

- WORKING CONDITIONS

285.2 nm
SLIT WIDTH AN 2 nm
LAMP CURRENT | 3.0 mA
FUEL ' acetylene
FLAME STOICHIOMETRY oxidizing
SUPPORT GAS . air
MODE absorbance
CONC. OF = ACTUAL - ANALYSIS  ZERO  AVERAGE
STANDARD. * READING  REPEATS CORRECTED READING
Rg/nl A . A A
. 0.071 | 6 0.07 0.076
2 . 0as 6 0.146 0.150
.3 0.227 6 - 0.223 0.225
4 0.302 6 0.29] 0.298
.5 0.372 6 0.360 . 0.367
2 1.364 6 1.363 1.363

L THE SLOPE IS 0.7496
’ THE INTERCEPT IS -0.0006
THE CORRELATION COEFFICIENT IS 0.99991

3

"
~
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TABLE 18 IONIC STANDARDS FOR'

MAGNESIUM WITHOUT LANTHANUM OXIDE BY ATOMIC ABSORPTION

-WAVELENGTH

WORKING CONDITIONS

285.2 nm

. SLIT WIDTH - .2 nm-
LAMP CURRENT 3.0 mA
FUEL acetylene
FLAME STOICHIOMETRY oxidizing
SUPPORT GAS ‘ | air
MODE" absorbance
CONC. OF  ACTUAL ANALYSIS ZERO AVERAGE -
STANDARD  READING REPEATS - CORRECTED READING -
pg/ml S A | A A

3 0.086 6 0.088: 0.083
.2 0.170 6 0.171 07
.3 0.242 6~ 0.249 - 0.245
.4 0.339 6 0.340 0.345
.5 0.429 6 0.429 0.423
2 1.444 6 1.444 1.456

THE SLOPE IS 0.8580

THE INTERCEPT IS' -0.0003
THE CORRELATION COEFFICIENT IS 0.99995
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| - TABLE 19 UL \
MAGNESIUM WITHOUT LANTHANUM OXIDE BY ATOMIC ABSORPTION B

ROCK ACTUAL " ANALYSIS BLANK ‘% ZERO AVERAGE
" SAMPLE READING REPEATS CORRECTED * READING
. AT A A
-BCR-1 0.400 6 0.400 0.378"
GA 0.480 6 0.483 0.461
AC2-2 © 0.612 6 0.614 0.592 -
SYN.G2 0.366 5 . 0.367 . 0.345
NSX-1 - 0.61 6 0.614 0.592
NSX-2 0.626 6 0.624 ~ 0.602
NSX-3 0.607 6 0.607 0.585
NSX-4 : 0.615 6 0.615 0.593
_NSX-5 . 0.603 6 0.602 © 0.580
NSX-6 0.574 6 0.574 - 0.552
NS¥%-7 0.593 6 0.591 0.56%
NSX-8 0.596 .6 0.587 0.575
NSX-8 - 0.498 6 0.498 0.476
BLANK - 0.022 6 0.000 0.000
TABLE 20

MAGNESIUM WITH LANTHANUM OXIDE BY ATOMIC ABSORPTION

ROCK ACTUAL ANALYSIS BLANK & ZERO AVERAGE

SAMPLE READING REPEATS ~ CORRECTED READING
A . A A
BCR-1 : 0.884 6 0.881 0.832 .
GA 0.485 6 0.487 0.438
AC2-2 0.605 6 -0.603 : 0.554
SYN.G2 0.371° & 0.368 0.319
NSX-1 0.595 6 . 0.597 0.548
NSX-2 0.603 6 0.603 0.554
NSX-3 0.604 6 0.602 0,553
NSX-4 0.603 6 0.601 0.552
NSX-5 - 0.597 & . 0.589 0.540°
NSX-6 0.558 6 0.556 0.507
- NSX-7 0.576 6 0.582 0.533
NSX-8 . 0.561 6 0.568 - 0.519
NSX-9 0.475 6 0.489 0.440
BLANK 0.048 6

0.000 0.000




6. Sodium by Atomic Absorption Spectroscopy

Sodium was determined directly on solution 'B'. The ionic standards
ranged from.O._S pg/ml to h‘pg/ml.'l‘he‘ ‘calj.br;tio'n'c:urve i1s Fig. 9. The
dsorbance readings are im Tables 21 and, 22. The concentration as percent

cxid‘e‘s are in Table 87.
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21 . 1ONIC STANDARDS FCR

'SODIUM BY. ATOMIC ABSORPTION

WAVELENGTH s 589.6 nm
SLIT WIDTH .2 om
* LAMP CURRENT 5.0 mA
- FUEL acetylene
.. . FLAME STOICHIOMETRY’ oxidizing
SUPPORT GAS™ .- air
~MODE . _ absorbance
CONC. OF  ACTUAL ANALYSIS ZERD _ AVERAGE
STANDARD .  READING REPEATS CORRECTED _~ READING
T aemml 0 A _ A A
.5 0.154 § 0.154 0,160
1 0.385 6 0.3777 0.350
2 . 0.754 5 0.748 0.740
3 1.174 6 1,165 1.170
6 .. 1.328 1.330

4- 1.334

THE SLOPE ‘IS 0.3829

THE INTERCEPT IS -0.0118

SLOPE DERTVED FROM STRAIGHT
PORTIOK OF CURVE

ROCK ACTUAL

TABLE 22

SODIUM BY ATOMIC ABSORPTION

‘ANALYSIS  BLANK & ZERO

THE CORRELATION COEFFICIENT IS 0.993838

" AVERAGE

SAMPLE  READING  REPEATS CORREFTED REAgIHG
n , =AU LNG

BCR-1 1.086 6 1.042 1.012
GA 1,099 6 1.100 1.070
AC2-2 1.055 6 1.051 1.021
SYN.G2 1,232 6 1,249 1.219
NSX-1 1.055 6 1.049 1.019
NSX-2 1.080 6 1.044 1.101
NSX-3 1.059 6 1.061 1.031

" NSX-4 1.090 6 1.070 1.040
NSX-5 1.121 6 1.000 1.043
NSX-5 1.048 6 1.073 1.034
NSX=7 1.079 6 1.066 1.036
NSX-8 . .1.118 3 1.080 1.050
NSX-9 0.928 6 0.939 0.909
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7. Potassium by -Atomic Absorption SpéEthSCOpy
R 5C °

Potassium was analyzed directly on solution 'B'. Working conditions
axe listed in Appendix T. .The ionic standards spanmmed 0.5 pg/ml to 4 pg/ml.'

The calibration graph is in Fig. 10. Absorbance readings are given in

Tibles 23 and 24. Concentration as percent oxides is reﬁorted in Table 90.
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" TABLE. 23. IONIC STANDARDS FOR
POTASSIUM BY ATOMIC ABSORPTION

<

R ""WORKING CONDITIONS -
WAVELENGTH - . ‘ : ~ 766.5 nm
SLIT WIDTH | -2 mm
LAMP CURRENT S - 5,0 mA
FUEL: T . -7 acetylene
FLAME STOICHIOMETRY L " oxidizing )
SUPPORT GAS . , _air -
MODE - ' ) absorbance - .
CONC. OF . ACTUAL = ANALYSIS ZERQ  AVERAGE
STANDARD.  READING . REPEATS CORRECTED .~ READING
Bng/ml A , A A
W5 . 0.078 6 . 0.076 0.085 |
] ‘0,170 . 6 0.170 . 0.163
: 2 0.349 - 6" 0.347 0,345
377 0.586 6 — 0.587 . 0.587
4 0.764 « 6 ¢ 0.746 0.738
N\
THE SLOPE IS 0.1860 . .z
THE INTERCEPT IS -0.0065
THE CORRELATION COEFFICIENT IS 0.99884°
TABLE 24
< POTASSIUM 8Y ATOMIC ABSORPTION
. 5 - .
ROCK ~ ACTUAL - ANALYSIS BLANK & ZERO _AVERAGE
_ SAMPLE _ READING REPEATS ' CORRECTED READING
- A A A
BCR-1 0.334 6 . 0.319 .0:319
GA & 0.699 " 6 . 0.693 - 0.693 -.
AC2-2  0.682 6 0.676 0.676
SYN.G2 0.838 6 0.849 .. 0.849
NSX-1 0.669 6 0.673 © 0.673
NSX-2 0.684 6 0.697 0.696
NSX-3 - 0.678 6 0.678 0.678
NSXy4 0.689 6 0.679 0.678
NSX=5 0.701 6 0.687 0.687
NSX~6 . 0.681 6 0.679 0.679
NSX-7 | 0.58% 6 0.561 . °  0.59
NSX-8 0.632 6 0.629 0.628
- NSX=9 0.547 6 0.556 * 0.556
© BLANK 0.000 5 0.000 7 . 0.900
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'8 Manganese by Atomic Absorption Spectfoscopy‘

Manganese was de;érmi#ed directly_on soiutiqﬂ"B'. The. working
conditions are listed in Appendix T. Tonic sﬁandards we;é prepared
from 0.5 yg/ﬁl to 3 pg)ml. 'fhe plot of the ealibragion curve is given
iﬁ Fig. 11. Absorbance rea_dingé are _giveﬁ in Tables 25 and 26. P,;rcent )
xide is-motéd in Table 96. | l

.
~.
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TABLE 25 . 'IONIC STANDARDS FOR

¢ MANGAHESE BY.ATOMIC ABSORPTION.

WAVELENGTH = R

'WORKING CONDITIONS

279.5 nm

SLIT WIDTH ° .2.nm
LAMP CURRENT 5.0 mA
FUEL | acetylene
- FLAME STOICHIOMETRY oxidizing
SUPPORT GAS - air
MODE ) .. absorbance
CONC, OF - ACTUAL ANALYSIS . ZERO - AVERAGE
STANDARD  READING REPEATS CORRECTED READING
Rg/ml A : A T A
.5 0.023 6 0.026 s 0,024 .
1 0.060 6 0.064 10,062
2 0.144 6 0,748 . 0.146
3 0.218 - & 0.219 0,219
THE. SLOPE IS 0.0786 )
THE INTERCEPT IS -.0151 i
THE "CORRELATION COEFFICIENT IS 0499955
SLOPE DERIVED FROM STRATGET
. PORTION OF CURVE (FIRST 3 POINTS)
TABLE 26.
MANGANESE BY ATOMIC ABSORPTION
ROCK  ACTUAL ANALYSIS  BLANK & ZERO AVERAGE
SAMPLE  READING REPEATS CORRECTED READING
A , A . A
BCR-1 0115 . 6 0.114 0.114
GA 0.051 6 0.052 0.052
AC2-2 10.051 6 0.050 0.050
SYN.G2 0.053’ 6 0.053 0.053
NSX-1 0.048 6 0.048 0.048
NSX-2 0.047 6 0.047 0.047
NSX-3 0.049 . 6 0.048 0.048
NSX-4 0.049 6 0.048 0.043
NSX-5 0.049- 6 0.049 0.049
NSX-6 0.046 6 0.046 0.046
NSX-7 0.047 6 0.046 0.046
NSX-8 0.047 6 0.046 0.046
NSX-9 0.040 _& 6 0.040 0.040
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5. FLAME EMUSSTON SPECTROSCOEY ' -

-

a. Theory

Atoms

absorb rad:.at:.on of discrete and chara

: spectroscopy,

present oOT injecced into a therm

¥ -

ally produced plasma emit and

cteristic ﬁavelengths. ‘{n emission -

lines are used which are produced in almost any £ransition

@d sometimes those which are produced by ionized atoms.

An emissioa spectral line is produced when emnergy of the characteristic
. LS

length is emi.t:ted by an atom

sate (Ez) to a lower state (El)'

qantum of energy {mv)-—-a photon; “where

. i
fFequency

Mtron drops from higher excitation

{

This change in energy level gives a

h is Planck s comnstant and v is

(Ewing, 196%)-
‘Fl‘alme ) -
Ll ) B
v DC
@Mpl
Fuel/' Rotary Recorder
- Oxidant Chopper = : | .
L—I : Monochromator . .
Sample ‘
P ui Excited State r;—q\ ‘Emitted Light
e 2B =~
2 TS W _ - = - —
e — —_— — —_——
Thermal : - . _——_— — —_-— = ‘
Energy Absorbed - Energy Pmitted — — — — — -
. — et e — — —
n (O O— - - —ZZ=
—_ —_—— —
Ground State Transmitted Characteristic
i . wavelength {(hbV)
Fig. 12. aghematic layout of flame emission unit (Ewing, 1869)
. and diagram of energy emission.




-

The exczted atoms emit llght of the characterzstxc wavelengch. The iﬂten—
_ gty of t:h:.s transmlttance is related to" the concentral::.on of the element

‘m the sample. Detailed descr:.pnon of flame chemlstry is given by wang

(1969) Prlce (1969), Errest and Bllhngs (1972) and Skoog and West (1971)

The mstrument used for- flame em1551on 1.5 the same one used for atomic

-

:bsorptlon analys:.s, the hollow cathode lamp is of course not used and the -

madn.ngs are in percent transmittance (/T)

The equac:.on for the calculations of  percent o*c:.de in the sample solu~- -

"

tHons is:

Conc. x Vt x D x CF x 10-4

: ‘ % Oxide =
: : We. of Sample

-~

shere Conc. is the-concentration of the analyte in pg/ml; Vt is the total
. . I3

wlume of the sample solutionm in ml; D is the dilution factor and CF 1s
the coanversion factor (Appendlt W)
The concentraticn of the analyte (Conc.) is obtained by deducing -

a calibration:factor; CF = 1/slope "from the calibration curves.
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b, Analytical Procedure

1. Sodium by .Flame Emission Sp;:ctroécopy .
Sodi@j;s_ de;efuiined on éo{ution- 'B* by flame emission. The x_.rork-
- ;g conditions are 1isted in Appendix i.. ) ‘
. Var‘ian ‘I'echt.r_or‘x (19'}_2) repor.ted that p'ar\tig.l 'i.dnilz.ati.on occurs in
the air—a_cetylene .flame; however, ‘thié is not considered a serious’ problem.

(libration curve is Fig.- 13. Transmittance readings are given in Tables

77 and 28. Percent oxides are listed in Table 88.

.
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TABLE 27. 1ONIC STANDARDS FOR

-

[N

SODIUM BY FLAME EMISSION

' WORKING CONDITIONS oL ’ Lo
WAVELENGTH N T I 589.0 nm

SLIT WIDTH ; - . W2
LAMP CURRENT ‘ ‘ 0.0 mA

- FUEL™ ' , . acetylene
FLAME" STOICHIOMETRY _ ~ oxidizing
SUPPORT GAS - - Cair
MODE o ' : transmittance

' CONC. OF  ACTUAL ANALYSIS ZERO AYERAGE
STANDARD  READING.,  REPEATS  CORRECTED READING
wg/ml %7 | o T
.5 24.500 . 6 21.500  20.650

) 44.300 - 6 45.730 40,550

2 66.000 6 68.070 67.100

3 fs@x 6 ~ 88.690 85.610

CONCENTRATION DERIVED DIRECTLY
FROM CURVE :

TABLE g

SODIUM BY FLAME EMISSION

ROCK ACTUAL ANALYSIS BLANK & ZERO AVERAGE
SAMPLE READING REPEATS CORRECTED READING
T 1) ' T
BCR-1 - 81.400 6 81.280 78.5N0
GA 85.500 6 83.500 80.73
AcC2-2 84.300 6. 82,700 79.930
SYN.G2Z . 92.800 & 90.880 8s.
NSX-1 83.300 6 81.800 79.030
NSX-2 81.200 6 80.030 . 77.260
NSX-3 83.000 6. 80.750 -77.980
NSX-4 82.000 6 80.580 77.810
NSX-5 83.300 & 81.830 79.060
NSX-6 81.400 6 80.200 77.430
NSX-7 80,200 6 - 79.280 76.510
NSX-8 80.700 & 79.100 76.330
NSX~9 74.600 6 73.800 71.030

-—— -——
) -




2 Potassiﬁm by Flame Emission Spectroécopy

.

Pot#ssium was detemlned on solutien 'B' DY flame emi.'s.sipn._ Work=
ing conditions are listed in Appendp. T -

Po;assium is partially jonized in the air-acetylene flame (Varian
Tecﬁtron, 1972). Again, thié is not a serxous analyt:.cal problemA at low

concentrations. The calibration_curve is Fig. l&. - Percent rransmittance

{s given in Tables 29 ad 30. Percent oxides are listed in Table 91.

o ge
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_TABLE 29 .

10NIC STANDARDS FOR

POTASSIUM BY FLAME EMISSION

NORKING CONDITIONS -

WAVELENGTH 766.5 nm ..
SLIT WIDTH .2-nm
LAMP CURRENT 0.0 mA
FUEL . acetylene
FLAME STOICHIOMETRY oxidizing
SUPPORT GAS _ air i
MODE - transmittance
CONC. OF  ACTUAL ANALYSIS ~ ZERO AVERAGE
STANDARD  READING REPEATS *. CORRECTED READING
»g/ml = - 13 r4)
.5 12.200 6 12.100 12.800
1 34.100 6 34.170 $33.090
2 59.000 6 : 58.900 56.770
3 85.400 6 85.900 81.850
-4 97.500 © 98.670 94.840
_________________________________ <
CONCENTRATION DERIVED DI RECTLY
FROM CURVE
TABLE 30.
POTASSIUM BY FLAME EMISSION
ROCK ACTUAL ANALYSIS  BLANK & ZERO AVERAGE
SAMPLE  READING REPEATS CORRECTED READING
‘ <7 -</ w7 > =T
BCR-1 51.000 6 ' 49.880 49.650
GA 92.900 6 $2.100 91.870
AC2-2 92.400 6 91.620 91.390
SYN,G2 106.200 6 104.950 104.720
NSX-1 92.800 6 93.820 93.590
NSX~2 90.600 6 89.730 89.500
NSX-3 $0.200 6 89.500 ~ 89.270
NSX-4 0. 400 6 89,070 88.840
NSX-5 90.500 6 . 89.270 89. 040
NSX-6 89. 600 6 8. 600 88.370
NSX-7 82.000 6 80.250 80. 020
NSX-3 84.300 6 83.670 83.440
NSX-0 772300 6 75.970 75.740
BLANK 0.300 6 0.000 0.000
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'G.  GRAVIMETRY ' .

a. Theory =~

Grav1metr1c analysxs, or quantetatlve analy51s by wezght, is based
on the procedure of 1solat1ng and weighing an element or a definite com—'
pound of the element in as pure a form as possmble "(Vogel, 1961). The
element to be determlned is. most commoaly prec1p1tated chemically from 2
solution of the sample; after filtration and/or other suatable treatment
‘the solid residue is weighed. T1n gravimetric amalysis, a large portion‘off
the determieatiohs involve the transformation of the constituegt or compound
{ato a suitable form for weighing. The constituent then can easily be cal-

~

culated from 2 knowledge df the formula of the compound and the atomic

weights of the constituent elements. The general formula for percent oxide is:

Cravimetric Factor x Wt. of Precipitate x 100

% Oxide =
Wt. of Sample in the Aliquot

shere the weight of sample in the aliquot, calculated from the total

saméle volume is:
. Volume of Aliquot x Wt. of Sample

Wwt. of Sample in Aliqubt =

Total Volume of Sample

“The gravimetric factor 1s given by the formula:

Formula Wt. of 9xide to be Determined.

Formula Wt. of %reeipitete
"Calculations_were completed on a“Wang-System 2200Amini—computer.

The program plot for these calculations is listed in Appendix V1T,



b, Analytical Procedure
1. Silicon by Gravimetry
L Silicon waé'd_etemingd as an 'insoluble' silicate--quinoline sili- .

mmolybdate {Vogel, 1961).. Solution 'A' was used for this determination.-

-

Sodium hydroxide.pellet‘s were added to deter silicon from slowly-

precipitating out before the formation of the complex. _ Thymol Blue {0.04%)

md:.cator was. added as a vlsual indicator for pH control. Hydi‘ochioric

xid was added slowly, noting the colour change from blue’ through yellow

Jist to red; excess dllute hydrochlorlc ac1d was added to ensure the

-~

xidity of the Vsolu;tiqn. Armonium molybdate solution was . added. to produce

keteropoly acids. Concentrated hydrochloric acid (50 ml) was added to form

a‘,ﬁrecipitate. ‘Quinoline (50 ml) was added to destroy molybdophosphoric .

xid produced by the presence of phosphorous.

The suspension was warmed to allow full formation of the coagulate.

The . solution was quickly cooled before filfering in a sintered glass

fltering crucible. b

-

This experiment was performed quickly to minimize the contamination of

--;H‘

the solution by the silicon from the glassware. The precipitate was weighed

as: (C.H.) H4(5i0 12Moo3).

- 977" 4 4°

“The following formula was used to calculate % Si’Jz:

t:r:.c

(wt. precipitate — wt. blank)(vol. allquot)(gra¥lm } (100)

‘?S:i.('.)2

(total volume) (total sample wt.)

shere gravimetrie factor is:

Mwt (Si’)z) ’

GF

ch[(c9 Dy (H 5i0,; . 12400 )]

0.0260753
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‘M(CQHBQN)3

b |

Z Alumlnum by Grav;metry ' ' : S

Alumlnum was determlned grav1metr1cally on solution ‘A’. The method

is essentlally that ngen by Vogel (1961) with modzflcatlon.- Aluminum

racts with the organlc prec1p1tant S-hydroxyquznolxne to form an Lnsoluble

(helate, alumlnum oxlnate, ‘in the pH range 4.5 to 9.5.

] b
.

a1’ 4 3¢ of (OH)N:—‘Al[c B, ( oT)N:] NOR. 3’H+
Elght-hydroxyquxnollne (09 7ON) oxznate, forms sparlngly soluble
&rivatives with metalllc 1ons such as aluminum:

M belng the metallic ion eg., Aluminum). .

+ -

Urea was used for the homogenecus generation of hydidkide ions: '

+3ao—co + 2NH +20H‘

. 2 2 4

Urea was added to produce a dense. readlly fllterable and highly pure

co'(:m ),

‘geqipitate. The solution becomes a colgtless, crystalline form, imsoluble

Bonding structure of

Swhydscxyquinollne -
(Skoog and West, 1974)

_ Fig. 15.

¢

OH N

//‘

grécipitation is completé when the solution changes from a green— -

}ellow to a pale orange-yellow colour. The précipitate formed was

3

.'cnagulated by-warmlng to 70°¢, formxng an insoluble complex w1th.alum1num.

The 8-hydroxyqu1nol1ne decomposes at approxlmately go%c.» At 70 C,

8,
the reaction is quick ‘and below 70°C the B—hydroxyqulnollne prec1p12§;es‘out.



T-he aluminum co-ord:mates with a pair of electrons on nltrogen and

-

m t:he phenoxlde oxygen of each S—hydroxyqumolme anion. In domg- this, .

three protons are dlsplaced and :.t assumes a co-ordmatlon number of 6.

.

Prec:.pltat:.on is complete as long as pH ‘does not fall 6elow 4 5. T'h:.s

-

is an organic precipitant and-therefore a low temperature has Vto be used .
© dry it. ‘ . . B -

| Hydmchlonc ‘acid was, added during decompos:tion so that hydrogen
mns would become ava:.lable and no hydro*ude compounds prcc:.pltate.

The acid is :_.=.lso_ added so that Al + 3OH will not complex 3s-_Al(0H)3 and

“lose some Alwﬁrﬁhé precipitate. The reaction occurs within a pH range of

4to 5. | . : P o Do
The additiom of acetic acid brévents" precipitation when S-hydroxy—-
quinoline 1is addtlad to the aluminum. The acetic acid gradually eva.porated
o1d aluminum Qxinate precipitated slowly from a homogeneous soiution.
Eiough acetic 3cid remained in solution to prevent excess 8-hyﬁroxy—
"@inoline from co-precipitating. | . -
' fhe ammonium acetate is addéd to act as buffer, to raise the pH

o 4.5 to allow a reactidm to occur whereby the oxygen and nitrogen

tonds to aluminum.

~*

Fig. 16. Bonding a structure of
8-hydroxyquinoline to
aluminum {Skoog and West,
1974).




-

" The solutron was left stand:mg at’ room temperature to stab:.l:.ze before '

ﬁlterlng. The prec:Lp:Lt.ate may ‘adhere to the beaker walls, 50 it had to

.

te 1odsened with a rubber-pohceman. T’he beakers were covered with watch-
. glasses to mamta:.n “some of the acetic acid im solut:.on from totally eva-

mrating, smce some Had to remain to-keep the 8-hydroxyqu1nolme from- "pre-

dpitating.

s

The dry' glass crucibles were’brought to constant. weight before

_filtéring and at the final weighing. Constant ‘weight was obtained by .

woling the cruciblés in a dessicator so that the precipitate would not

:bsorb water.
The cruc:l.bles with the precipitate had to be handled w:Lth t:LSSue or

gloves to minimize transfer of heat and mo:.sture te the cruc:_bles be?ore

wa:.gh:.ng. ' ' . o ’ , | )

.

The precipitate was we:.ghed as Al(C H ON) : the gravimetric factor canm

te calculated using the formula®

“

i ' Molecular Wt. of (Al,0.,)
CF . . 273

2 x Molecular Wt. of AL(CgHON) 4

0.1109614

i’

Concentrations as percent oxide are in Table 57.

an

4
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TABLE 131,

. GRAVIMETRIC DETERMTINATION OF STLTCON

ROCK - WEIGHT OF  TOTAL.  ALIQUOT WEIGHT IN

. SAMPLE = SAMPLE VOLUME VOLUME ALIQUOT
. ‘ g oml ml 9.
Si0p=-Pure 0.1000 500 - - 20 ‘ 0.0040
S{02~Pure 0,1000 - 500 - 20 . 0.0040
& {1) 0.1000 . 500 20 . 0.0040
8A (2) 0.1000 . 500 - 20 0.0040
NSX-1 0.1012 500 20 0.0040
NSX~3 0.1044 500 - 20 " 0.0041 T
NSX=4. 0.1001 500 20 0.0040
NSX-5 -~ 0.1017 - 500 ® 20 0.0040
NSX=6 10,1260 500 . 20 90,0050
NSX=7 0.1014 - 500 20 0.0040 .
TABLE 32.

GRAVIMETRIC DETERMINATION OF ALUMINUM

ROCK WEIGHT OF TOTAL ALIQUOT - WEIGHT IN

SAMPLE SAMPLE VOLUME © VOLUME - ALIQUOT
‘ g . ml - nl g

AL 80 ppm 0.5000 500 20 0.0200
SYN.G2 0.5000 500 .20 0.0200
GA 0.1000 500 20 0,0040
NSX-1 0.1012 500 20 0.0040
NSX-2 0.1110 500 20 0.0044
NSX-3 0.1044 500 20 0.0041
NSX-4 0.1001 500 20 ‘ - 0.0040
NSX=5 0.1017 500 20 0.0040
NSX-6 0.1260 500 20 0.0050
NSX-7 0.1014 500 20 0.0040




D. TTUTRATTON

a.'ﬂm&x~ : _  :. T
_Titfationmis~a technique for deterﬁining the amount of a shbsﬁqnce by
measuring the quéﬁti;y of a reagent reqﬁired to react coﬁpletely with a
“smnple containing that substdnée (Skoog and West, 1974). The concemtra-
tion of thé unknown séﬁple is obtained by éomparipg the unﬁnown to a staﬁ—'
dard solutidn'which'is a reagent éf exactly known'compositioq; .
The eﬁuivalenée point (stoichiometric‘completion of the reactiom) is
L the point wherein the standégd'solution becomes chemically equivalent -to
fhe.substance_with yhieh it musf'rgact. Tt is tﬂg;theoretical point when
the chemical reaction becomes complete. When a dist?nct visible change
. cgqurs, it is the end point. 'Tﬁe differenée between the end point and
. the theoretical equivalence,point.is called the titration errér.

Photometric titration is the photoelectric registration of the dis-

tinct colour'cﬁange at end point. The constituent go'be analyzed is a wave-

- length absorbing medium. The change in abso;bance/:ranémittance of a solu-

- tion is related to the change in concentrﬁtion_of the light-absorbing con-
situent. The colour change is related to the amount of light able to

pass through the solution. ‘A photocell registers the intensity of light

as electric pulses. The electrical pulses are presented on ﬁhe photo—-extinc~
tHon scale of the external gélvanometer {Evans Eiectroselenium Limited, n.d.).
st performancé of most photomefers is when readings on samples. fall in

the range between approximately 10% to 807 transmittance.

The analyticél wavelength is produced by a filter. The best filter

-y
-

.
!

-
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is one which produces the best spreéd of readings between a blank and a

-

standard. The choice of filter also corresponds to a vzsual colour fbr the

“Lght beam which is cumplementary to that of the solution’. - The readlngs
xe plotted as percent reading against volume of titrant. The'inter—

sectzon of two straight llnes on the titration curve establzshes the

ad-point value. S . .-

Various texts extensively descrlbe the prxnczples of tltratzon (eg.

Vogel 1961 Kenner and 0 Brian, 1971 Skoog and West, 1971 -and {97&, Willard

& al, 1965). ' ' ..

Calculatxons were done on the Wang-System 2200 mini-computer. The

p.'o.gram is l:Lsted 1n Append:w. LA™

ey _

Burette

To.
Galvanometer

* LL_L

Magnetic
Photocell Filter Stirrer

Fig. 17
) Single cell photoelectric photometer
(Adapted from Evans Elect?oselenium Limited, n.d.f
v o
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- ’ b, Analytical Procedure

- v - -

- - N ~

1. Total Tlron by Tltratlon . ‘ ' o .

.

l. . g ‘l‘otal iron was determmed by an oxldation-reductlotlx tltration on solu-
ton 'B'. with pot:assmm d:.chromate (K2 T,0, ), O. 01392 normal, as t‘ne‘oxy-
dzing agent. 'f.t does not ox:.d:.ze the chloride ion made avazlable by the

 adition of hydrochl_or:.c acid. The product stays as Cr3+ ions’ .smce no

dﬁher stable oxidation state exists between CrZO?I r:md Cr3+. Half-cell

-~

reaction in acid solation is
o2 3+

5 . 3 ) Cr 2 7 + IAH *i6e 2Cr +7H20 .. N

"Before titration, 10 ml of HC1 was added to the 20 ml al:.quot, to

asure reduction of iron to iron- L.

3+

+ et —> 2Fe” + 38,0

-

* Fe,05 (HC1)

The irom is present as a2 chloro-complex (dark brown), and consequently

wed as a reduction indicator. A stannous chloride solution (10% w/v) was

- r

slded drop—wisc until the yellow solution turned clear.

$n C1,.2H,0 + HCL— spZt o+ ——-.

. The ironm was reduced to the ferrous state by the reaction with tin 1T-
(stannous) cbloride. After the reduction, speed was necessary in order to

mevent a negative error by oxidation of ferrous iron in the acid solution

- .

by oxygen in the air.
To prevent pre—precipi}:ation, the solution was kept warm SO that the

jron remained in solution (reduction).

Sn2+ + 2Fe3+ — Sn‘1 + 21'-‘e2

(excess) (yellow) (colourless —* light green)
fron and tin are present as chloro-complexes yit’n the following
-
. . maction: .

Snc12" +--2FeC1; — 5n01§' + 2Fe2’ + 6C17

[



» v e

. The:FeC1;-ha5 a yellow colour kdark brown concentrate) while Fe2*

s a pale green colour and polbquess in the reduced solution.

. - .

- B Completion was' mdrked by the disappearance of the yellow colour.’
Near the end point, the reaction was slow and the stannous chioride had

to be added drop~wise. - 'To guarantee that all iron was reduced to the

. ferrous state, two drops of stannous chloride were added in excess. But

excess stannous chloride causes errqrs’ in later steps, s© the solution

- - * ~ - .
must be diluted before titration. et - -

The potassium chloride forméd during titration reacts with stannous

v .

tin, therefore the excess stannous chloride was removeéd before titration

by the addition of mercury(Il)chloride. On addition of mercury {11,

- -

mercury ﬁ)chlor;de forms an insoluble substance which will Separate

from the solﬁqion as a silky, finely-divided precipitate.

b- gn2t 4+ Hg.z+ = Hg2c121 4 Snd+

The mercuri¢ chloride was added quickly to-prevent the reaction:

+ Hg%+'——* ZH% + Sn4+, and the H° from oxidizing, producing high

- : \ ’ .
resulrs, . \. - L <

&
If too much stannous ions are added in the reduction step, mercuric

. chloride reacts to form elemental mercury which in turn reacts with potas-

sium dichromate, causing an error.  Within thrég-minutes, a finely b

divided, shihy white precipitate should form Rfter the adéition of mer—

curic .chloride. -

A : -

Absenée of 2 precipitate indicates that <he amount of stannous

chloride was low and that all the ferric iron was not reduced. A

1

- -

heavy, white to grey precipitate is’ an indication that too much stannous

-chlqri@F was added; therefore, solution should be discarded.

-
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Immediately after the formation of the mercuric chloride precipitate,
) sulfuric acid phosphoric acid and ‘the diphenylamine indicator were added
quickly to prevent, air oxidation of the ferrous ion.

Sulfuric acid (5 ml of conc;)-was added to eosure correct-ocidity
and provide hydrogen ions s}nce the indicetor;yorks better in the presencec
.of'sulfate ions:. ‘ . .

Phosphoric acid (5.ml of cone.) gos added to prevent 2 premature'
colour change before the equivalence p01ot to,act'as a colour clarifier

and'reduce interference. Phosphoric acid forms a colourless complex
Fe(HzPO )6 with ferric ions as‘the) are produced during the reaction
The formation of the colourless complex preventb the tan colour of the
FéClZ from obscuring the end point.

The complex also served to'depress the potential of the ferric-ferrous -

half-cell and keep the potential at a lower value bhefore the end point.

This caused a sharper potential break at the end point.

3+

E = Ey + .058 log -, (concentration lowered by complewingj

Fe

‘Diphehylamine sulfanate (8 ml) was the redox indicafor used. The

{ indicator itself-oxidired from colourleés tora lavender shade. The
presence of the complexed ferric ions and the green colour of the chromic
jons combined with the indicator colour to form a grey to black colour
-just before the end point. The end point was a light purple colour which
lasted‘for thirty'geconds. Blanﬁ runs were impossible sinCe the colour
change was not srarp in the absence of iron.

EpCro0_ + 6re2* + THS0, —> K,S0, + Cry(S0,)g+ 6re>* + 350274 THO

' 3+ ‘
Crzo.?' v 6Fe2T 4 14T —> 2Cr°7 + 6Fe + TH,O

The above me\thod is that of Maxwell (1968) with modification. The
, A . ..
mrcent total iron (as Fe203) was calculated using the formula:

1
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s L T=Tl=

08- 1100

: Vol titrant (K2Cr.,’37) L. 159,
% -‘Fc-:203('1‘) = - = = x Normality x —

L | 1ceco . .2
‘here Normality was 0.01392. 7 B _

Concentration of Fe203 as percent oxide is given i

e - AL i L i ————Am—

X

n Tqble 56. T

Sample Wr. (g) |
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2. Calcium by Complexiometric Titration, T -

*

2

Calcium was‘determiﬂed on solution 'B' by.an EDTA titration using an

[

EEL photometric titfator
iDTA is ethylenediamine tetra acetic acid dlbodium balt
(Na OOCCHO) (HOOCCHO) N—CH CH (CHqCOOH)(CH Co0 Na™) .

It forms a soluble,  stable chelate and complexes with metal ions to

rorm

a 1l:1 metal complex. The acid (H4Y) is 1nsoluble i water and is prepared

‘as the disodium salt (Na,HQY). EDTA has donmor nitrogen and oxygen atoms

which form as many as ‘six five-membered chelate rings.

with HCl:

caco, + 2HC1l—Ca*2 +'coz(g) + HO + 201"

- 49 o & -

¢ Na*O—C—CHgy » cnz c K

. ° ; No-Na* .
- : . +2 +2
///}N——CHQ—*CHé——ﬂ. . +Ca " (Mg™™)
2 .
Fig. 18 Formation of five-membered chelate ring
(Adapted from Skoog and West, 1974).

- "EDTA was standardized against the primary standard CaCOs, treated

The solution was buffered with KOH to 12.5 for guantitative reaction.

The buffered solution consumed liberated H' tons and prevented 2 reaction

with other, ions.

J



' Perlman, 1966), in preference tvother.metallic;ions; and thus- indicated

A.calcium seléctivg indicator ;as useé; Patton-Reader's reagent;—HHSNN
a colour'chaqge when‘the caleium was depleted by the EDTA complex.

Interfercnces were overcome by adding hydroxylamzne hydrochlorxde
QO/w/v) which: reduced some of the metals (part1cularly Fe) to a- lower va-
knce state (Maxwell, 1968). Triethanolamine (ZOzw/v) complexed with iron
:ﬁd.titanium. Aluminum intérfcrences were-eliminatéd by buffering thé sﬁlu—n
tion at a-pH of 12.5 with pqtassium hydroxide which precipitated aiﬁﬁinum
& the hydroxide. Otﬁer interfercncés were ‘eliminated by the sclective
ndicator. |

The .titraticns were donc using an EEL photoclectrlc titrator with a
Blue-green fllter (No. 603) giving~the end point. Sample solution (15 ml)
was titrated agalnst_0.00IS M EDTA. The gta;Lical solution to the end |
[D?nt is shtown in Figs. 19 to 24. |

The calculations were completed on Wang-System 2200 mini-computer.
The program for this plot is listed in Appendix V1. Percent oxides and the

Drmula for the calculations are in Table. 76. Percent oxide was calculated

by using the formula:

~ :
Vol. of Titrant x (F}/Volume of Seclution/Vol. Aliquot x 100
% Can =
Weight of Sample
where (F) = 0.0001020(g of Ca%/ml of EDTA
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Fig. 19. Calcium T3 ionm,
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Fig. 20. Calcium titration graph for

. BCR-1 STANDARD SAMPLE
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BRI ' : | . Fig. 21. Calcium titration graph for

GA STANDARD SAMPLE
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Fig. 22. Calciuﬁ titration graph for

‘ ACZ2-2 STANDARD'SAMPLE
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S INTENSITY READ.

Fig. 23. Calcium titration graph for

76

¢

»

SYN.G2 STANDARD SAMPLE

4.935 +
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Fig. 24 @alcium ritration graph for
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3. Magnesium by Complexiometric Titratiom ~ . °~ . *

~

, . . .

; . I
The theory of magnesium complexiometric titration is similar toé that

i) _Theory

o calcium titration, except that during theé titration with EDTA, a weak

alcium complex forms first. Then any free magnesium present forms a strong

~ I3

mgnesium EDTA chelate.

M By = oMy o+ 20

When these redctions are complete, a drop of EDTA solution in

"excess' extracts the magnesium from the magnesium-dye complex, libera-

ting the free dye (green colour). The colour change at the end point

is from a light red to a bright green.

The EEL titrator was used for photo-electric assessment of the end

wint of chemical titrations. The solution sample was titrated against
. - :

ITA using a complementary optical filter and a suitable indicator.

+

The type of filter selected had to be compatable with the end colour

of the used indicator.

Readings were shown on the-photo-extinction scale of the external

g%yanometer: The changé_in the galvancmeter rteadings were recordédlfor
(;ch equal addition of titrant. The galvanOmeter“response was plotted
& volume of EDTA against percent tranmsmittance.

The end point for calcium titration is the second inflection point

o the curve and in cases where the end point was vaguely defined, the

arerage change per unit of titrant against volume of titrant added was

I3
.
.

plotted (Figs. 25 to 34). J . -

The end point is the first positive change of the curve after the ,

scond inflection. This point should coincide with the point where the

econd deflection ends and a constant slope or almost constant results
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tegin. This point indicates' a constant change in ¢olour which may be
wgarded as the 'stoichiometric point'. "
The tungsten lamp emits its major portion of energy near the infra-

n:_d 'regioﬁ; \Only.lsz falls within the visible region.

The selenium-pho_tocell increases the relative response semsitivity,
being greatest -for the greén ‘through yellow wavelength. The strongest .
mveler{'gthl of the Fraunhofer Lines for magr;esium are 5183.621% and for-
alcium, &307.7&3, -accord‘ing to the sun'.s'spectrum (Weast, 1975). 'i'he
wavelength for the colou;' green is 52008 with upper and lﬁwer iimits being
57508 and A912R, respectively.

The indicator was a mixture of Pht-h.:ilei;n Pui;ple and Methyl Red.
.The maximum wavelength of the indicator is 53008 with absorbance of .
300 'above‘- pH qf 7, and. with c.he addition of Methyl Red the semsitivity
* @md colour span was extended to a hi_g‘r_xer wavelength.‘ The filter chosen
was specially made for this titration ;?.nd was complimentary to Phthalein
Rirple. The filter is composed of‘la thin orange film sandwiched between
two layers of green polarizedl plastig: sheets.r

Eriochrome, Black T was tested on & calcium and magnesium (50 pg]ml)
sandard and a calcium and magnesium (10_00 pg/ml). Values obtained were
c;lculated values. Shﬁpiro (.‘1959) found that EDTA titratioms 0f small
anounts of magnesium (0.01-2%) with high calcium, v;ere unobtainable and
oposed a rapid photometric determination with Thiazolne Yellow for low
mgnesium rocks.

Metalé such as iron, ritanium, aluminum, copper, nickel, manganese
zid cesium mask the end point by oxidation or blockage. Interference
by these metals may be lowered by adding potassium cyanide for copper and
mckel, triethanolamine for iron and aluminum, and hydorxylamine for

reducing oxidants.
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lron and aluminum (;000 ug/ml) were adéed to the calcium and-magnesiu@
'.'CL000~ pg/ml) and ti;:rat-ed with EDTA. A Masking soiu;ion and .Erfo-'r indicator
were 3156 added. The end point was vaguely.definable. The ﬁrééedure was
wmpeated using‘tﬁe calcium'a;d magnesiﬁm (50 pg/ml).dnd_the end point did
™t appear. | : ' . | B . |

The same procedure was foliowed using Pﬁthaleip Purple mixed wifh Meth§1
Red. Thc'resultslwere e;celignt, the colour change was from a light red .
ID.? distinct brigﬁt gree;,'af-the end point. This isran-innovatibn,
<bVe10ped in this'study."Ihe results from BCR-1, AC2-2, GA, Synthegzc G2,

-

ad NSX 1-8 were exaﬁiqu and they are in close p;oximity.to literature
1ﬁlues énd valﬁes'obcained By otger methods.

The above method was a moéifi tion based on Makwell, 1968; Skoog‘and -
Wst, 1974% Vogel, 1961; Shapiro, 1959; Kenner and 9'Briam, 1971. T
telieve this is a siénificﬁnt inové;ion in the determination of magnesium
by complexiometric Citration ané;it is planned to report this in an appro-
mwiate scientific journal.

Concentrations as perc§n£ oxide are in Table 82. The follpwing is
the detailed procedure: |

3

(1i) Procedure

Magnesium oxide is determined by differeﬁce as E(Mgo + Caf) - (CaO)J.
Reagents

1. EDTA solution (0.002 M). Dissolve 1.4925 g disodium salt with triple-
distilled water'(z litres). e

2. Ez?roxylamine ﬁy@rochlori@e solution (10%). Dissolve 10 g to 100 ml
with triple-distilled water.

3. Triethanolamine and potassium cyanide. Dissolve 64Ag of KCN in
@0 ml of triple-distilled water. Add 400 ml 6f triethanolamine.

+
4. Ammonia ammonium chloride buffer. Dissolve 68 g of NH,C1 in 200
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4 of triple-distilled water, add 570 'ml'c:f NH,OH. Dilute to 1 litre with
uipleéaiétilled wa;er. ' i ) - .‘ LN

‘_5{ Pﬂthalcln Purple indidator (Phthalexn complexorc). Hix.;horoﬁghly
by grlndlng 1n porcelain mortar: O. 1 g of Phthalezn Purple, 0.075 g of
thpthol Green-B 0 005.g of Methyl Red and 10 g of kCl.

Method
L. Pipet a suitable aliquot of salution 'B' (15 ml) into a 60-ml EEL

eactlon vessel. Drop in a miniature bar magnet.

2. Add 2 ml of hydroxylamlnc hydrochlorl < solution and stir.

3., Add {0 wl of ammonia ammonium chlbrlde bufder to obtain a pH >10.5.

NI Add 5 ml of metal masking reagent (triethanolamine and pofassium
‘eyanide) and stir. |

5. Add approximately 0.5 mé oé Phthalein ?urple,'i.e- until the galva-
nometer reading drops to ten percent transmittance with polarized
green filter, as descriﬁed above. ,

6 . Titrate 4dgainst 0.002 M EDTA, using the -EEL colourimetric Eit?ator
with the-green filter.

7. Record titer and galvanometer reading eve;y 25 ml, until colour

change is imminent. antinue recording every .05 ml unt1l the colour
change is complete and the galvanometer indicates an almost constant
response.

8(a) fnd point is deduced from a graph of the volume of EDTA titrant
against percent transmittance.

ﬂb) The end point is the second inflection of rhe curve but for vague
end points or more précise ﬁork, ead point may also be deduced by
plotting average change per unit of titrant added (galvanometer

reading) against volume of titrant added. The first upward deflec-
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tion, after the largest per unit_ average change; indicates the'equiva-
o .o . ] .

- -

lence point (eg. Fig. 25).; This should coincide with the inflectiom

.\ point deduced'from.iﬁterpretﬁtion wmethod 8(a).
9. - Standardization of EDTA: 5 ml of a standard solution (50" ppm egch'..

’

£u

“of calcium and magnesium). A titer of approx 4 ml should result. *
Calculate a factbr, x, for 1 ml of EDTA‘E x grams of magnesiuml'

; , . y S . .
Calculations: .o

N

1 ml of 0.01 M EDTA = 0.0002432 g Mg (Vogel, 1961)

0.0002432 x 0.0018453 x 1.6579 g Mg
1 ml of 0.0018453 M.EDTA — , :

B 0.01

-

0.0000742 g Mg9

E?Ql. (Can + Mg?) - Vol;J(Caﬂgj w 0.0000742 x §§%%;:§%l; x 100°

AMgd =

‘Sample Weight
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Fig. 34. Titration graph (average change per unit) for
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E.. SPECTROPHOTOMETRY

a. Theory

,Spectropho,tometric methods are based on the- absorptioh' of électro—'

mgnetic radiation. Eloctromagnet:.c energy is transferrod to the constl—

wents of the sample solutlon, rosultmg in tho atoms being promoted from

. -
.

-~ their ground state to a higher, excited state. ‘As is the case with atomic

Dsorption, there is a rélationship between excited- and ground-state atoms.

Moms in the ground state absorb energy which corresponds ‘to their own:
gectral lines. ' i T

When a beam of monochromatic radiation passes through a sample solu- .

Hon of an absorbing species, the radiant power of the beam is progressively

wmduced, as part of the energy is absorbed by the particles of t;ria't species.

Tecrease of intensity is dependant upon the concentration of the sub-"

stance responsible for the absorption and upon the lelngth of the path travel--

led by the beam (Skoog and West, 1974). The above relationships are expressed

by Beer's Law, which has been discussed in the section on Atomic Absorption

Spectroscopy. . T

. There are two difficulties nwolved (a) tfué fabsorptioﬁ curves can-
ot .be “detemined and (b) Beer's I:aw is not always- followed, therefore the
Fparent absorptlvny will vary W:Lth both concent:rat::.on and instruments.
The above difficulties are overcome by using a monochromator capable of
isolating.a,distinct narrow band of wavelengths.
The ix;scrument 'Spectronic 20'is oxtensively uoed for the visible

-

mgion, 340nm to 625nm (it is capable of extension to' 950mm by changing the

»
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"thototube). This is .a single-beam instrument using a vacuum phototube -
. - - L LT,

- -
3 -
L)

a detecror.
-. The Spectronic-70 instrumenc'was'u‘s'ed'in' this thesis (.Fig. 35):
‘ﬁ: is similar to r.he Spegtron:.c—"o w:.t:hout the reference phototube and mask.

All calculations were perfomed on the Wang-Syscem 2200 mm:.-cornputer.

-

The program 1is li,sted in Appendix v, The percent oxides ?ere'de_nyed _from

(-

the gemeral formula: .
.~ . Cohe. x Vt x_Vd-x'-CF_x 10-&‘ ) -
~ Oxide = - R

= v

. Wt. of Sample x‘-Va

mere Conc. is ‘the concen:ra::.on of the analyte in .pg/ml Vt.is. the total .

-

wlume of the sample solution in ml ¥d is the diluted voluze in ml Va

4s che aliquot volume }n ml and CF is’ the comversiom _factos: (Appendix TV).

1 .

. T Condens ing
Lens . ‘ -

,Entrance Slit

~Focus Lens

Fzg. 35
e Bausch & Lomb opectronlc—:O ('ﬂ‘win-g, 1969)

Optical Diagram of th
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b.: Analytical Procedure

Sl Silicon by §pectrophotome;ry .

right.' .

SiliCOn was determined on solution A Solution B! could not be
"

wed because 51llcon escaped duang the dlssolutlon, solutlon 'JA' also -
could. not ‘be used because the borlc acid 1nterfered_w1th colour development.

Dissolved silicic ac1d reacted‘w1th a molybdate solutlon in an acid

redium, resultlng in a-yellow 3111comolybd1c complex Sl(MO -4

12 40)

‘etley, 1974). Measurements were made on the reduced complex molybdenum

- —— ~

Hue. Rednctionlwas accomplished by the‘éddftion of sodium sulfite in 1-

amino-2-naphthol-4-sulfonic acid (Vogel, 1961). A wavelength of 650 mm

‘vas used for maximum absorbance. .The molybdenum blue complex required time

ad stabzllty to form, therefore, the solutioms were allowed to stand over-'

Phosphorous interfered by developing a phosphomolybdate complex. The

addition of. (10%) tartaric acid reduced that interference. The tartaric

xid had to be added after the silicomolybdate complex formed and before

the reduction to the molybdenum blue complex.

An aliquot of the concentrated solution 'A' (10 ml) was transferred
o a 200-ml1 volumetric flask. To this was "added 25 ml of sodium fluoride,
4ml of ammonium molybdate and 50 ml of triple-distilled water. The mixture

was swlrled and a{lowed to stand for 10 min. To obtain the proper PH, 10

m of tartaric ac1d was added. Finally, 3 ml of reducing solution were added

;d the flask was made up to volume with trlple-dlstllled water.
The calibration graph is Fig. 36. Absorbance readxngs are 1n Tables
B and 34. Concentrations as percent oxide are lisfed in Table_46.t Since

Beer's Law gives a straight line, only two points'were required for cali-

" pration of ionic standards.

@
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© TABLE 33 . [IONIC STAND&RDS FOR : -

STLICON.BY SPECTROPHOTOMETRY

-—-‘—--—---——--—---..—-—--—-u—-———--—----—-—---t--—-—--—-—-——---—-

INSTRUMENT . " ~SPESTRONIC 70

MAKE o _ . BAUSCH & LOMB
WAVELENGTH ‘ S 650.0 nm
MODE : ABSORBANCE
CONC. OF . ACTUAL ANALYSIS. JERO . - AVERAGE
STANDARD . READING ©  REPEATS CORRECTED READING
ng/ml A A

50 0.705 3 0.703 0.670

100 1.390 3 ' 1.390° 1.357

THE SLOPE IS Q. 0135 .
THE INTERCEPT IS -0.0040 oo
THE CORRELATION COEFFICIENT ‘IS 1.00000

TABLE 34.

. STLICON IN SOLUTION 'A' BY SPECTROPROTOMETRY
ROCK ACTUAL . ANALYSIS BLANK & ZERO AVERAGE
SAMPLE READING REPEATS CORRECTED READING

,//j S LY ‘ A A

GA 0.933 3 0.900 0.900
$i0 -Pure 1.233 3 1.230 1.230
NSX-1 ' 0.927 3 0.894 0.894
NSX-2 1.020 3 0.987 0.987
NSX-3 0.950 3 0.917 0.917
NSX-4 0.923 3 0.890 0.890
NSX-5 0.937 3 0.904 0.904
- NSX-6 1.150 3 1.117 1.117
- NSX-7 0.923 3 0.890 0.890
BLANK 0.033 3 0.000 0.000
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5. Aluminum by Spectrophotometry

) Alummum was determlned Spectrophotometrlcally on solutio'n"A‘,‘ as

the .alizarm red-$ comple'\: (sodium allzarln-ii—sulfonate)(Turek 19733 Tureic
4 Riddle, 1977). Solution A" had to be used for the detetmination

& aluminum dee to the ext jnction of the slope of the graph (Log T./%. vs
one.) above-the concentr tion of 3 ppm. Th:.s was due to the pxecxp:.tatmn_
3 the compl‘ex (Tetley, 97&-). Above this concentration, & further propor—.
w—~ " tonally :;.ncrease'd intens:.t:y would not occur, as Bce;r-Lambert-‘s Law was
ot foiloded‘ {(Ewing, 19_§9). The concenm:#t:.on of the solution had to lie
" @ the _strai.ght. 1ine',‘p01\:tion of the -grap’n (before the inflection occurs) . )
it was impossible €0 achieve this, and hence dilutions were required.

The alizarin-coloured complex K1+3 + nAzH—3AlAZ (3—.n)+ + nH -was

ared colour w:.:‘n ma\lmum absorbence at &75 nm.. The procedure used. was

amodification by Turek :md Riddle (1977) of the method originally des-

cibed by Shapiro and Brannock (1962). : -

" tron (1) strongly jnterfered by forming a green—coleured comple:ﬁ
uith’ alizarin sulfonate. The absorption peak overlapped the aluminum-—
calcium—alizarin‘ complex peak, but this interference was eliminated by
mducing Fe (1TL) to Fe (tu). Ferrous. ;ron then reacted with _thi.oglycolic
xid to form a blue complex, thereby eliminating the jnterfererce.

‘ b::lc:iur:. juterfered by producing 2 celcium—ali‘zarin‘ complex which en—
anced the absorption of the complex formed (Tegley, 1974). Between 2 ‘
@ 3.9 and pH 4.6, the complex has a ratio of minum to alizarin
ailfonate and a ratio of 1:1 for calcxum-—alizarin sulfonate. The calcium
mterference wWas thus used to enhance the 1ntens1ty of the compleéx. The

solution was buffered to TH 4.2 with sodiur acetate-acetlc acid to ensure

that all the aluminum present would form a complex, whereas calcium could

»

R

ot form a complex under these ph conditions.
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. L-i._thiu::; boraté and silicon it"ttérfered b;r enhancing the colour but

this interference was negligible (Tetley, 1'97-4). .

Sevén ml of solution 'A' were pipetted ini:o‘a iOO-ml volumetric flask
‘dong with 2 ml of cacl, (14%), 1 nl hydroxyllamihe hydrochloride (.1072?,
1zl of pot‘assiﬁm ferri.cy.anide’ solution and allowed to stand for 5 minutes,
10 ml of buffer solution was added and‘allowec:l to stand’for 10 lmim,zt_es. '
Finally, 10 ml of aliza;i.n ;eii-S solution (0.05%) was pitetted in; the flask
was made up to volume w:;L';h triple-distillled water, mixed and allowed to fon;:
a stable coio;.xr (3- hours). |

A setAof standards and a blank were perpared .at the same time as the
sample solutioms. Absorbance readings were obtained at 475 nm (Tables
S and 36). s

A calibration grapn of the standards was plotted (Fig. 37). The conr-
entrations were deduced from the straight. line portion of the curve |

tefore the flattening of the curve. Concentrations as percent oxides are

listed in Table 55.
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TABLE ‘35 * . IONIC STANDARDS FCR
ALUMINUM BY. SPECTROPHOTOMETRY

WORKING CONDITIONS

INSTRUMENT SPECTRONIC 70

MAKE : . : RAUSCH & LOMB
WAVELENGTH o , L 475.0 nm
MODE L . . ABSORBANCE .

- CONC. OF ACTUAL “ANALYSIS - ZERO AVERAGE
STANDARD  READING - REPEATS CORRECTED READING

pg/ml A A A
5 0.439 3 0,075 © 0.075
10 0.600 = 3 0.230 .  0.230-
15 0.768 3 0.397 0.397
THE SLOPE IS 0.0244
THE INTERCEPT IS -0,0102
THE CORRELATION COEFFICIENT IS 0.99358
SLOPE DERTVED FROM STRATGET PARTTON
-+ AF CURVE U$ING FIRST 3 POTNIS
TABLE 36.
ATUMINTH BY SPECTROPHOTOMETQY
ROCK  ACTUAL ANALYSIS * BLANK & ZERO AVERAGE
SAMPLE  READING REPEATS CORRECTED READING
A A A
GA 0.628 3 0.258 0.258
SYN.G2 0.639 3 0.266 0.266
NSX-1 0.688 3 0.318 0.317
NSX-2 0.721 3 0.353 0.352
NSX=-3 0.660 3 0.290 0.290
NSX-4 0. 650 3 0.285 ' 0. 281
NSX-5 0.640 3 0.272 - 0.270
NSX-6 0.783 3 0.412 0.413
NSX-7 0. 660 3 0.288 : 0.288
BLANK 0.370 3 0.000 0.000




PRI . ..

3 Total Tron by Spectrophotometry ' . ‘ : .
Tofalriron was'determ_ined~§pec‘trophotometrically as the red ferrous
_ Hpyridine complex-—2,2"-bipyridiné (Riley, 1958)..

-

The complex ion contained three molecules of bipyri:dyl in which - the

six co-ordination positions of iron were occupied by mitrogen atoms. The
®lour system obeyed Beer's Law, independant’ of the pH (range 1.5 to 12).°

Reduction to iron TP valence state from iron TIT in the sample was done by

the addition of hydroxylamine hydrochloride. The solution was bué-fered with.
sodium acetate Lo 3 pH range of 4.8 to 5.0. |
Coppt;_r, -molybdenum and silver. interfere at levels greater than 5, 7
.ad 5 pptx;, respectively, but these elements were not in sﬁfficient concentra-
tfions in the samples in this thesis to cause any appreciable inter_ference.‘
z';ﬂl ‘solutions were prepared at the same time. Concentrations were deduced.
from the graph (Fig. 38). Absorbance readings are given in Table 37.

bncentration as percent oxides are listed on Table 65. Percent trans=

mttance is given in Table 38.
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* ABLE 37 - IONIC STANDARDS FOR '_
IRON BY SPEerRQPHO'fomé'rRY :

' ' wonme CONDITIONS E
INSTRUMENT . SPECTRONIC 70
MAKE a  BAUSCH & LOMB
WAVELENGTH - ' . T s24.4.mm. .
HODE , ABSORBANCE
CONC. OF  ACTUAL ANALYSIS ZERO - AVERAGE
STANDARD  REABING REPEATS CORRECTED ~  READING
pg/ml - A ' A ‘ A

10 0,070 6 0,071 - 0,060
15 " 0.102 6 0,101 ~0.090
20 0.135 6 0.134 0.120.
. ' . ¥
25  0.163 6 = - 0.162 - 0.150
30 0.195 5 0.194 0.190
40 o.zéo\«\s 0.260 " 0.250
50 0.325 6 | 0.323 0.310
60 0,390 6 0,389 0.380

80 0.512 6 . 0.512 - 0.500

THE SLOPE IS 0.0064
THE INTERCEPT IS -0.0009
THE CORRELATION COEFFICIENT IS 0.99997
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- _TABLE 38.

TRON BY SPECTROPHOTOMETRY

-ROCK' ACTUAL . ANALYSIS BLANK & ZERO AVERAGE

SAMPLE READING REPEATS CORRECTED REAEING-

- . A . . A . .
BCR-1 . 0.582 12 0. 381 ) 0.576
GA . 0.125 12 0.125 0.121
AC2-2 - 0,188 12 0.187 - 0.182
SYN.G2 0.123 12 . 0.122 - 0,118
NSX-1 0.188 12 . 0,187 0.182
NSX-2 0.188 12 7 0.188 .- 0,183
NSX-3 0.183 12 0.183 0.178
NSX-4 0.186 12 0.185 0.181
NSX-5 0.18 - 12 0.184 0.179
NSX-6 0.183 12 . 0.183 0.178
NSX-7 0.183 12 .. 0,183 0.178
NSX~8 0.180 i2 0.180 0.175
NSX-9 0.180 iz . 0.180 0.175

BLANK - 0,005 12 . 0.000 0.000
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4 Manganese by Spe.ctrophot:oznetr}lr

Manganese‘was detemz_ned sp ctrophotometrlcally on-bolunon 'B" us ing
the method descr:.bed by Willard %t et al. (1965.) with some mod:.f:.canon. 'Usu-
ally, a mild bw.d:.zlng agent such.as 0.5 g of ammom.um persulfate would have
tBen added to- o:\:Ld:Lze carbon compounds, but because oxidizing had already
.mken place during dissolution, this step was omitted, |

-An aliquot‘of solution 'B' (10 ml) was plpetted into 50-ml volumetrlc
flasks. F:.ve ml of- SSA phosphorlc acid were added to comple‘t Fe :_3, which
Wis necessary to prevent the absorption of visible light and render the solu-
don colourless. Mariganese (1%) was oxidized to manganese (VtT) by the addi-
Hon of 0.2 g potassium perlodate (K19, ) ‘

™2 i 5T04 + 3H o — 2m9,” 4 eut - 5703

The solutions were Qarmed for ten minutés to increase the reaction rate and
mmerease the solubility of potassmm periodate. After cooling, the flasks
were made up to-volume with tri'ple—d:.st:zlled water, shaken and ‘then allowed

-

to stand for four hours to stabilize the pink colour

-

+ Standards were prepared at the'sax.ﬁe time.;s the sample splufions:
fdbsorbance readings were.taken at 545.0 nm which is the region of maximum
dsorbance (Table 39”)

'l'he readings, working conditions and\'rang.e of the standards are listed
n Appendix T.

A calibration curve of the standards is in Fig. 39 and. results are given

In Tables 39 and 40. Concentrations as percent oxide are in Table 97.

e e e e e
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ABLE 39 . .IONIC STANDARDS FOR
MANGANESE BY SPECTROPEOTOMETRY CoeL

WORKING CONDITIONS

INSTRUMENT ~ SPECTRONIC 70

MAKE S ' BAUSCH & LOMB ..
WAVELENGTH = o " 545,0 nm
MODE _ . ABSORBANCE
CONC. OF  ACTIAL . ANALYSIS ZER0 . . AVERAGE
STANDARD  READING . REPEATS - - CORRECTED READING
#g/ml . T A A
.25 . 0,900 ' ' p.000 - - 0,000 .
5 ° 0.001 6 0002 10,002 -
1 0.006° - 6 0,005 - 0.005
2 ' 0.013- 8 0.014 . 0.014
3 “0.022 6 0,022 0,02
8 0.064 5 . 0,064 0.064 -
"THE SLOPE IS 0,0080 -
THE INTERCEPT.IS -0.0014 -
" THE CORRELATION COEFFICIENT IS 0.99834
TABLE 40.
MANGANESE BY SPECTROPHOTOMETRY
ROCK - ACTUAL ANALYSIS  BLANK & ZERO AVERAGE
SAMPLE  READING - REPEATS CORRECTED READING
A ' A A
BCR-1 0.030 10 0.022 " 0.022°
GA 0.020 10 . 0.010 0.010
AC2-2 0.009 10 0.008 . 0.909
_SYN.G2 - 5.000 10 0.004 - 0.004
NSX-1 0.010 0 0.009 . 0.009
NSX-2 0.008 10 0.008 0.008
NSX-3 0,009 10 0.008 0.008
NSX-4 0.009 10 0.008 0.003
NSX-5 0.009 - 10 ~0.009 0.009 -
NSX-6 . 0.009 10 0.009 . 0.009
NSX-7 0.010 10 0.009 - 0.009
NSX-3 . 0,009 0 0.009 0.009

NSX-9 0.008 - 10 0.008 0.008 -~

e — e —— =T - ——— e amm -



N3 2o RALIEN.

Tt

a. Theory

R o g TR AAy TR e es s T ST St Cw IR SR LR

- .t -

" F. X-RAQ FLUORESCENCE'SPECTROSCO?Y

The technlque of x-ray fluorescence is based upon the fact that;

: when a beam of electrons of sufflcrent energy strlkes the surface of any

[

matter secondary (ﬁluorescence) X-Tays, are emitted by the sample (Norrish .

N - e
\ \ '///
NN : ‘ "Af//
FLUOREbCENT N // SEPARATED
RADIATION- © _ N - _;,// RADIATION
‘ ™~ \\ 5/ {with respect to
U ' \\.:/ : wavelength)
o [—_ Crystal

_Goniometer

Collimator

Fig. 40 ; Schematic layout of xray fluorescence spectrometer.

-

and Chappell, 1967). Tﬁis secondary radiation is composed of characteris-
tic wavelengths of each element.present.. A collimator is used to direct
a parallel beam'o; secondary radiationr onto an analyzing crystal whico
‘seperates waveléngthe. A second collimator.directs the reflected wave—

X .
lengths into a radiation detector‘ﬁﬁich is connected to & goniometer.
The goniometer and the engular %oilrion of the cri¥stal is a function of
the wayelengrh._ The intensity 5f radiation of each wavelength is pro-
pog;ionel‘to the coggentration of The corresponding element. The de-

tector converts the x-rays into a series of electrical pulses which

register on a counter as 'counts peg second'. In order to yield the
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. 'true' count rate which is proportional to the conc

.\ o . ’ ‘ ‘ . '- ‘ y
entration of the element

teing analyzed, the measured intensity must be corrected for various effects.

rad tim¢ corrections and background correction is required. For major rock

:._nalysi‘s matrix correlations are also_esséntial.

'Ail above.clorrections and calculaltions were'magie- on a Monroe 344 for
silicon,_aluminum,l irom, calc;’.um'and potassium det.erminations.. Magn_esi-uﬁ .
md manganese calculations as well as corrections-for qt;artz were made on’
aWang-Sysi:em?OO Seriés Imini—computer. The proérarl:s are listed in Appendix.'
W. The analytical conditions are given in Appendix ¥. Concentrdtiﬁn as

-

percent oxides are listed in Table &1. Tn this study all x-ray analyses

wre made using a Philips PW140 x-ray spectrometer.

"
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b. Analytical Procedure .

The procedure follows the estabhshed methodology in this luboratory

.

& is essenually 1denl:1cal for all elements determined-~silicon, aluminum,

tal iron, calcium,‘ magnesium, 'potassium and manganese. Sod:.um could not

te determmed by x-ray fluorescence, because sodium escapes due to the h:.gh

emperatures in the formatxon of the glass bcad (as descr:.bed in the -section
@ the Preparatlon of X-ray _Fluorescen::te Glass Pellets).  Sodium, howe\;er,
could ‘be determined by x-ray fluorescence but it must be in the form of
wck powder pellets. X-ray fluorescenc'e is'a comparative techoique';-
dll analyses were made using GP'L as a standard.

Variations between procedures took the form of 1nstrumental adjust~-
ment. Werk:.ng condltlons (1nstrumental adJustment) are listed in °

- . . \

Appendix T.

The ,analytical results for all the x-ray determinations are, unlike

7 : . , .
+, the treatment of other analytical data, given below in one table (Table &1).

Matrix corrections were berformed on the IBM 360 computer.

3 N
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. TABLE

41.

PERCENT OXIDE FOR X-RAY FLUORESCENCE DETERMINATION

is the coefficient of variation and Rej.

val.

Sample | Si AL Fe Ca__ Mg K Mo

GA (Lit.)  69.9000 'iq.soéo 2.8300 2;4500', '0.9500 4.0300  0.0900-
GA;N' __70.5600 14.6610  2.5000 _2.4800 ‘_g;gsoo_=*3:oioo. 0.0900
NSX—l. 70.7870 15.4020  4.3850 2.1260 - 1.1930 3.8710  0.0760
NSX-2 71.1450 15.0?90- 4.3770  2.1120  2.1990 3.8830  0.0850
Ssx—s' -72.2950 15.6340  4.4380 2.1250  1.1S80  3.9030 0.0850
NSN-4, - 70.1970 = 15.3350 | 4.4350 2.1280  1.1880 3.9030 0.0850
NSX-5 71.7990 15.6140  4.3300 2.1180  1.1720 éissoo 0.0850
NSX-6 71.2510 15.7186 4.2630 2:1130  1.1730 3.9020 ° 0.0900
G-2 -, 70.874  15.684 2.9000 1.4030 _;TEE%O  4.4460  0.0340
BCR -1 55.996 14.39io_ 13.1520  6.8700  3.4500 1.7610  0.1780
NBS-70 70.5970 15.9330  0.3260 0.1570  0.0790 11.1720 _ 0.0030
MRE-S. '76.6100 12.3900°  1.9490 0.5740 0.2810 3.6750  0.0210
% | 71.2400 15.4600  4.3500 ' 2.1000 * 1.3400 3.S800  0.0800
Var 0.4545  0.0474  0.0030 0.0016 0.1443 0. 0002 0. 0000
z 0.6700 .  0.2100  0.0500 0.0400  0.3700 0.0100  0.0000
c.v. 0.9500 -1.4100  1.2700 1.9300 28.1600 0.4200  4.9600
Rej. Val, nil nil nil nil nil nil nil

% is th; arithmetic mean, Var is the variance, — is the standard deviation,

is the rejection value.
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V. STATTSTTCAL TREATMENT 9OF RESULTS -

A. TNTRODUCTORY STATEMENT-

r .
Relatively elementary statistical treatment and testing of data was
. . . ) - . \

required in this study. The following are the definitions of terms, func-

tions and equations. A more extensive approach to statistics can be
found im numerous texts, eg. Brookes, et al.(1966), Kenmey and Keeping'

(1954), Koch and Link €1970), Moroney (1965), Weinberg and Schumaker (1969)
@ . . ‘ - : o
and Wine (1964). )

-

3. TERMINALAGY AND DEFTNTTIONS

a4 Accuracy is the proximity of the measurements to the 'true' or 'actual'
value of the quantity being measured.
Ace = (x - x)

where x is the 'true' value and x is thé mean. Accuracy is difficult

to measure, as the 'true' value x 1s seldom known but inferred.

b. Precision is the extent to which the results of a series of determinations

are scattered about the mean value. 'The parameters by which precision
. can be described are: standard deviation, variance, coefficient of

variation and relative standard deviation.

c. Arithmetic Mean (x) is the measure of the central tendency of a popula-
.

tien. Tt is the val&é obtained by adding the terms and dividing their

sum by the number of terms.



~108-".

vhere ;i is the individual term dnd n is the total number 'of terms.
d. Slope is a line. The slope of 2 calibration curve is obtained by the.
least square simple regression with y regressed on x for no error in

x. The equation of this line is: y = mx + b, where m is the slope

and b is the intercept:

—' ey .“ N
= (xi - x) (yi -¥)
= (x., = x)7
. 1 -
- .o “
where x = x/n and ¥y = y/n ,
. 8 -

e. Standard Deviation (S.D.} is a measure of dispersion .or variability.

- Tt is the average value of the deviations from the fean.

1 N | -
§.D. =|- = (xi—x)“ (S.D. of a sample of a population)
kvl B

f. Counfidence Limits

The standard deviation ( o ), determined for a number of samples (n),
with a mean result (x), indicates that there is a 95% chance that the =
true value of the mean for this sample lies within the values

x +1.96<= // n. This range is known as the '95% confidence interval’,

and it provides a comvenient estimate of the reliability of the mean.

2. Coefficient of Variation (C.V.) is a measure of relative dispersion and

is calculated a§ follows:

c‘ .
c.v. = —x 100 '
% -

-

h. Variance (Var.) is the mean of the squared differences from the mean

of the distribution. 7Tt is the standard deviation squared.

Var. = (S.D.)2

i Correlation Coefficient (r) is a precise measure of the mhanner in which

two variables correlate (Weinberg, 1969). Tt is calculated by the
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-

‘correlation of the line of best fit (m and b in the equation y=mx+b)

with the individual data poimts .

-

= (x] - %) (- 3 -

T < — - . / .
J o= - 0% = Gy - $)2 (Wine, 1964) b,

A corrclation coefficient of +1.000 indicates 3 perfect positive cor-

relation,,uhile a correlation of -1.000 indicates a perfect negative
correlation.:

j. Rejectiom of Values

) .

Vaiues may be rejected om thé basis of the samplé value being signifi-
cqﬁily different from the rest of ﬁherpopulation. The rejected value referred |
. as an 'outlier'. Several criteria for rejection of sutliers may be used,
prhaps the most c0mmoﬁly used criteria is the 95% -cenfidence range, or
:oughlf two standardeeviations. The rafional for recjection is not neces-
sarily that a value is wrong, but that it does not belong to this sample éf
the population. The following tests were used in this correction. - Table

: : € ' .
42 shows the values rejected using this equatiom--only two determinations

wre rejected.

1. Sample set: _"Student's t—distribution" tests the hypothesis that am

jndividual measurement does not belong to this sample set; the equation

used is:

[5-x /oD

$.D.

t (eale.) =

where x is the sample set mean, X, is the measurement being tested and
§.D. is the standard deviation. The prd&edure is repeated until values

are no longer rejected.

2. Population Set: ‘Oqtliers'are rejected from a population if they are

2% o away from the mean.
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Rejected Value = 2% o - .
where o~ 1is the standard deviation of a population. This methdd.w;sf
uged in 'cleaning’' the SY-2, SY-3 and MRG data (Abbey, 1975; Abbey,

1‘97é.)'_.

k Significance by COméérison of Sample Means to a Popﬁlatiph

The mean values of concentration as percentage oxides iﬁ ﬁhe<'in-housé'
sandard NSX rock sample, generated by the various analytical methods;, |
wre compared ﬁy the uée of. the "Srudent's t-test'.
' -l X-x l J (a=1)

o

t(caic.) =

where X is poﬁgl;tion mean, X is-a sample mean and © is the standard
<kv§atibn. f t(calé.) is greater than t(Tables), then it may be con-
cduded that the the means zare significantly different at the 5% signifi-
ance lével and thefe exists a bias between them. |

1. Significance by Comparison of Variances

Snedecor's f-test was applied to determine if there are any significant

& fferences (at the 5% level) in precision.

Var. -
£f= —2t
Var.2
where Varl1 > Var., and the degrees of freedom used is d.f. = (n-1).

A difference in precision exists wherever the calculated f value exceeds
the tabulated value for a given level of significance.

m Significance by Comparison of Means

.

The t-test was applied to determine the existence of a bilas between
ndividual mean values of concentration obtained by the different methods.

]z - %
t = (calc.) = E Z

' o
e ,/Varl + Var2
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where §1 and Eo are the sample means and varj; and Varp are the variances,

‘respectively.
The degrees of freedom ﬁsed‘are: : : .
(Varl)2 (Varz)2

- k . -

} 2
(Vérl f Varz)
A bias exists wherever the calculated t-value exéeeds the tabulated

value of a given level of significance.
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TABLE 42

REJECTION TEST FOR XNSX SAMPLES
{% Oxide in Sample 30lutions)

G i3 gravimetry and XRF i3 x=ray fluorgsconce.

meSgatidtics:

Zor 4 samplegsel, C.V.

oo

Magned lum without lanthanum oxide.

Trug: Magnesiua with lanthanun oxide,

where N 13 uumber of :m&, % i3 arithretic mean, VAr 13 variance, ¥
i3 the coefficient af variallon ang Re). val. ia

i3 +tandard deviatlon

Method* Statizticuee 3L ) Al Al. . Fe Ca Mgz g Na 13 n
Solutton A Solution A 3Solution B
AA X T T 9 9. 9 9 9 9 9 2
X 87.380 15,370 15,340 4,070 (2,080 |0.930 {1.060 3.480 | 4,290 {0,080
Var 0.004 0,334 0.033 0.009 | 0.007 (0,000 |Q.001 Q,16% | 0.040 | 0.000
B Q. 060 0.370 0.230 " 0.090 (0,80 10.020 (0.030 0.400 [ 0.200 [ 0.000
c.v. 0,090 3.640 1.3%00 2,350 |3.990 [2.340 [|J.340 [11.790 | 4,660 | 3.38Q
Rel. ¥al. nil nil nal o1l ail nil nil nil nil nal
FE b ' 9 9
' X 3,890 | 4,140
Var . 0.00z [0.028
; s - 0.040 | 0. 180
c.v. 1.040 | 4.070
Re). Val. . . 4,140 o1l
3P X T ' T o . 9
x 70.0%0 13,940 3.960 0.0%¢
Var 0.133 0,492 0.003 . |9.000
o 2 Q.38Q 0.7 0.0%0 . 0.000
[ 0.520 4. 420 1.430 1.100
Rej. Val. nsl ail asl 0,080
T N Bl 9 9
x 4.45%0 |2.160 [l.210
Var 0,001 10.000 |0.0M
L 0.030 {0.010 |0. (80
c.v, 0.77 3.310 |7.400
4 ReJ. val, ail nil Bl
G ! b
x 88,670 13.8%¢
Var 0.372 0,038
= 0.600 0.239 .
c. v, 0.390 1.490
Reld. ¥al. nil nil
T 1
(% Oxide tn Glass Pellets)
XRr N ] L3 6 L] & 6 -]
X 71,240 15,460 4,330 [2.100 1.340 3.880 10.080
Var 0,453 0. 047 0,003 {0.002 0.1l44 Q.Q00 |0.00C
o 9.670 Q9,210 Q.030 10.940 0.370 Q.010 (0.0Q0
[ 0.950 1.410 1,29¢ }1.93Q o8, 160 ' 0.420 {4.960Q
Rel. Val, nil nil nil nil nil nil nil
-ne:no-c:: where AA i3 atosic absorptieon, FE is flame ealasion, SP i3 3pectroghotometry, ‘T i3 titrimetry,

rejected value.
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V1, EVALUATION OF ANALYTTCAL RESULTS

© A, STLTCON

-

Silicon was detcrmiﬁcd by the following methods: atomic absorption,
:$éctrophotomctry, gravimet?y and x-;qf fluofescpnéc?_ By atomic abgerption,
silicon was dctcrminod'on‘the'two solutions"A' dndl'JA'. ' The results are
. omparable for the two solutions. All the anquticél results for $i9, de-
mrﬁined on the NSX suﬁsamples by the.four different methods are given in
Tables 43 fo 47. Each table alsp gives the values for the control standards.
&, pure-SiOz, BCR-1, AC2-2, G-2, NBS-70 and ﬁRB—S. The mean, variance and
sandard deviation in each table refers to the NSX subsamplcs. No values
wre rejected.

| From the above tébles, it is obvious that in Eerms of accuracy and
mecision, atomic absorptién‘givcs the best value. Tt is closest to the
wcomménded value ané has the lowest standard deviation. The following

mbulation summarizes the results: .

——— ————————— —— bt

AA SP G XRE
Average
% 810, 67.88 70.09 68.67 71.24
in NSX .t .
$.D. 0.06 0.36 0.60 0.67

Rec'd Value .67.54  (furek et al.,1978)
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i 't'n the dctermmat:.on of 510 by atomic absorptlon, thcre is an analytlcal
p;oble'm in that burncr clogging due to fomatlon of- 5111con carb:.de occurs,

-

a condition that must be monitored or élse loss of s,ignal occurs.. Also =~ .

.

the use of 1 nitrous oxide as support gas produces & noisy’s'ignal. .:I‘hc
g:avirﬁetric method.is of course very exacting. and time-consuming. "I'he
spectrophotometric dct\.rmlnatlon c;f silicon is relatively simple but delay
time for colour dLVLlOPant is an inconveniance. . In \—ra) fluorescence
cbtcrmxnat:.on the cholce of a \ultablL qz::mdard to closely match the unknow-:;
" is very impor‘tant. L | : . ' -
Tt should be -no;c'd that 'gravimetr:i‘c and  spectrophotometric methods also
reasure the proxying clements (eg. Ga and Ge) while atomic ‘a-bsorption and

-

»ray fluorescence are metal specific and should yield lower values than

demical methods.

The statistical corﬁparison of the results obtained byrthe four methods -
‘ms been Lvaluated usm.g F- and t-tests (Tables 48 to 53). .F-test of
wriances shows that precision by atomic absorptlon is s:.gnxf:.c-:mtlv betrter
than by the other three methods. Comparing the means us‘ing the t-test the
aomic absorption and grevimet:ric values are not significant at the 5% leve.l,
h:weveri the atonlc absorption values ‘are significantly different from
sectrophotometry and X-ray fluorescence.. These differences, therefore,

dmonstrate that there is a bias between the methods, and atomic absorption

ppears to be the most accurate and precise method.
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TABLE 43.

SILICON IN 'JA' BY ATOMIC ABSORPTION

SAMPLE PERCENT.
| ~ OXIDE
BCR-1 54,39
GA 68.73 .
AC2-2 67.50
NSX-1' 67.42
NSX-2 67.40
NSX-3 67.40
NSX-4 57.49
NSX=5 67.41
NSX=6 67.45
NSX=~7 67.38
NSX-8 67.39
NSX-9 67.45

THE MEAN IS 67.4260
THE VARIANCE IS 0,0011

THE STANDARD DEVIATION IS 0.0336

TABLE 4&44.

STLICON IN 'A' BY ATOMIC ABSORPTION

PERCENT

. SAMPLE )

: ' OXIDE.
GA 70,32
SiOz-Pure 99,87
st- 67 - 90
NSX-2 67.81
NSX-3 67.87
NSX-4 67.98
NSX-5 . , 67.96
NSX-6 67.80
NSX"’? 67 L] 90

THE MEAN IS 67.8939
THE YARIANCE IS 0.0041

THE STANDARD DEYIATION IS 0.0641



SILICON BY GRAVIMETRY

4116— :

TABLE

" SAMPLE wsma'r OF PRECIPITATE PERCENT

g ~ -0XIDE

Si05-Pure .- 0.1534 99.99

" . $105-Pure 0.1534 ' 99.99
GA (1 0.1094 71.31
GA (2 0.1096 71.44
Nsx-3 0.]090 58.06.
NSX-4 0.1060 - 69.03
NSX-5 0.1091 69,93
NSX-6 0.1318 68.18
NSX=~7 0.1070 £8.78°

THE MEAN IS 68.6753
THE VARIANCE IS 0.3682

- THE STANDARD DEVIATION IS O. 6076

.TABLE 46.

SILICON BY SPECTROPHOIOMETIRY

SAMPLE PERCENT
T OXIDE

GA 71.30
S10_-Pure 97.45
NSX€1 69.99
NSX~2 70,45
NSX-3 69,59
NSX-4 70.44
NSX~5 70,42
Nsx-ﬁ' 70. 23
NSX~7 69,54

THE MEAN IS 70,0974
THE VARIANCE IS 0.1356

THE STANDARD DEVIATION IS 0.3682



TABLE 47.

STLICON BY X-RAY FLUORESCENCE

NSX-6

SAMPLE . PERCENT
. ‘OXIDE
GA (Lit.) 69.90
A (Exp.) 70.56
G-2 . 70.87
BCR-1 60.00
NBS-70 30.60
MRB-8 76.61
" NSX-1 70.79
NSX-2 -0 71.15
NSX-3 72.30
NSX~4 70.20

" NSX=5 71.80 -
71.25

THE MEAN IS 71.2400
THE VARIANCE 1S 0.4545
THE STANDARD DEVIATION IS 0.6700
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"B. ALUMINUM

Aluminum was determined by ‘the foilowing methods: atomic absorption,

spectrophotometry, graviméfry and x-ray fluorescence. All the analytical

" wsults for A1703 determinced on the NSX subsamples by the four different
methods aze given in Tables 54 to 57. Each table _also.gives the values for

the ‘control standards GA, SYN.G2, BCR-1, NBS-70, MRB-S and”an -ionic stan-

¢

:%rd (SO‘pg/ml); The mean, variance and étandard deviation in each table
mfers to the values for the NSX subsamples. No values were rejected

(l'able 42). . *
From the above tables it is obvious that in terms of accuracy and pre-
dsion x-ray fluorescence gives the best value. Tt is closest to the

recommended' value and has the lowest standard deviation. The following

tabulation summarizes the results:

AA - 8P G XRF -
-Average . $\\§
%4 Al,0 - 15.88 15.85 15.50 15.46
in NSR
S.D. 0.58 .70 . 0.24 0.21
Rec’'d Value 15.27 (Turek et al.,1978)

In the determination of A1203 by atomic absorption there is an analytical
moblem in that a noisy signal is produced when using nitrous oxideés as sup-

prt gas. The gravimetric method is very exacting and time-consuming. The

spectrophotometric determination of aluminum is relatively simple but R



- - 2
.

@lay time for colour -development is an inconvenience. 1In x-~ray fluorescence

.

dtermination, the choice of a suitable standard to closely match the unknown

is very 1nportant. ,

Tt should be noted that gravxmetrlc and qpcctrophotometrlc mcthods also
feasure the proxylng clements ¢eg-, Zn and Ga) while atomic absorptlon and

wray fluorcscence are metal specific and should ylcld lower values than

dicmical methods.

-
-

The statistiéhl comparison of the rcsults obtained by the four muthods
tas been evaluated using F- and t-tests (Tables 58 to 63). F-test of
wariances shows that precision by x-ray fluorescence is siguificantly better

than by the other threc methods. Comparing the means Using‘the t-test the
wlues are not significant at the 5% .1level for the four mephodé, howcvér,
&é vélues'for x-ray fluorescence are closer to the 'recommended' value.
These differences, thefefore,AAemonstrate that there is a bias between

the methods, and x-ray fluoresccnce appeadrs:to be the most accurate and

wecise method.
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TABLI.  S&. RESULTS FOR (SOLUTION ‘A')

| hLUHINUH BY ATOMIC ABSORPTION

SAMPLE . . PERCENT -
* L : © OXIDE
. GA o - © 16,15
SYN.G2 _ . 16.37
© NSX=1 16.40
NS§-2 : . }s.zs
-3 15,47
’ﬁgx-4 - . 16.77
NSX-5 . R _ 15.48
NSX-6 14.99
NSX-7 ' 15.74

. -
-

THE MEAN IS 15,8780
THE VARIANCE IS 0.3318 .
THE STANDARD DEVIATION IS 0.5760

TABLE 55, RESULTS FOR {(SOLUTION 'A")

ALUMINUM *BY SPECTROPHOTOMETRY

SAMPLE PERCENT

OXIDE
GA 18,74

SYN.G2 - 15.10

NSX-1 16.78

. NSX-2 16.02

; - , NSX-3 15.24
/ ] NSX-4 15.51
; NSX-5 14.86

NSX-6 16.87

NSX-7 15.65

e A D D A e S — o s kol ol S S S e D A

THE MEAN IS 15,8526
THE YARIANCE IS 0.4918
THE STANDARD DEVIATION IS 0.7013

P AT 2 ol AL I
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TABLE 56.

ALUMTNUM BY X-RAY FLUORESCENCE

SAMPLE - - PERCENT t
‘ o NXIDE
GA (Lit.) . 14.50
GA (Exp.) . . : 14 .66
G-2 15.68
" BCR-1 T 14239
NBS-70 ' 18.93
MRB=8 o 12.39
NSX-1 : 15.40
CONSX=2 " 15.08
NSX-3 - 15.63
NSX-4 15.34
NSX-5 ' 15.61 .
- NSX=6 .. 15.72

THE MEAN 1S 15.4600
THE VARTANCE TS 0.0474
THE STANDARD DEVTATTON 1S 0.2100

TABLE 57. 'RESULTS FOR (SOLUTION 'B') .

ALUMINUM BY GRAVIMETRY

SAMPLE WEIGHT OF PRECIPITATE PERCENT

g : OXIDE
AL 80 ppm 0.0272 15,09
SYN,G2 0,027 - 15,03
GA | 0.0054 14,97
NSX-T 0.0057 15.76
NSX-2 0.0063 15.81
NSX~3 0,0066 15.50
NSX-4 0,0058 . 16.18
NSX-5 . . 0,0059 16,09
NSX-6 0,007 15.74
NSX-7 0.0059 16.16

THE MEAN IS 15,8952
THE VARIANCE IS 0.0567
THE STANDARD DEVIATION IS 0,2382
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C. TOTAL TRON )

Total irﬁn was Betermined‘by the following methods ! atomic absorption,
spectrOphotomctry and x-ray fluorescen;c. Total iron was determined-on solu=-
ton 'B* by atOmic ﬁbsorption éltratlon and spcctrophotOmetr} - All thé
mdlytical results for Fe 0 () dctermlngd on the NSX subsamples dy th; four |
d fferent methods are given in Tables 6% to 67. Each table also_givcs the

‘\nlues for ﬁhc control standards GA, BCR—l, AC2—2, and -SYN.G2, ete. Thc
mean, variance and btandard deviation in cach table rtfers to the values for
.,&c NSX subsamples. No values were ruJectgd (Table 42). °

From the wbove tables it is obvious that in terms of accﬁracy and pre-

-

dsion atomic absorption gives the best value. Tt is closest to the 'recom-

g

rended' value ané has a very éood standard deviation. The following tabu-

Iation summarizes the results:

‘

AA 'SP T XRF
Average
4 Fe,n,(t) 4.07 3.99 4.41 - 4.35
in 98& ‘ : ) '
S.D. 0.09 0.06 0.12 0.05 .
Rec'd value 4.08 (Turek et al.,1978)

=
The spectrophotometric determination of total iron is relatively simple but
. ~——

-

celay time for colour development is an inconvenience. The titration method
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is ‘also relatively simple but in finding the end point it is imperative

that the analyst. has good eyesight and is not colour blind. Tn x-ray .fluores—

" eence’ determimation, the choice of a suitable standard to closely match’ the

nknown is very important. -tt should be noted that the.'spectrophotometric ,

method also Eneaéures the proxying elements (eg. Co and Te) while atomi}:

Dbsorption and X-ray fluorescence are me;al'specific and should give lower

walues than the chemical methods.

The statistical comparison of 'the results obtained by the four methods

~

ras been evaluated using F- and t-tests (Tables 68 to 73). F-test of vari-

mces shows that precision by atomic absorption 1s comparable to’ the pre-

dsion by the other three methods. Comparing the means using the t-test,

. the values by atomic absorption and spectrophotometry are not significant

+

4 the 5% level, however, the atomic absorption values are significantly

& fferent from titration and x-ray fluorescence: These differences, there=

fbre, demonstrate that there is a bias between methods, and atomic absorp—

ton seems to be the most accurate and precise method.

-

(7]

3 -

- L
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TABLE  64.° RESULTS FOR
IRON BY ATOMIC ABSORPTION

SAMPLE
- , . OXIDE
BCR-1 - 12.88 -
GA | 2.9
AC2-2 . _ 4,27
SYN.G2 : - 2.75
NSX-1 : ) -~ 4,03
NSX-2 ' . 4.20
NSX-3 T 4,03
NSX-4 ' . B 3.86
NSX-5 ‘ . 4,13 -
NSX-6 ‘ - 4,03
NSX-7 - ' : 4.10
NSX-8 | ‘ . 4,09
NSX-9 . 4.18

THE MEAN IS 4.0770
THE VARIANCE IS 0.0089 _
THE STANDARD DEVIATION IS 0.0945

 TABLE 65. RESULTS FOR

IRON BY SPECTROBHOTOMETRY

SAMPLE ‘ . PERCENT
: OXIDE
BCR-1 12,87
GA 2.68
AC2-2 : 4.07
SYN.G2 2.63
NSX-1 : 4.06
NSX-2 4,08
NSX-3 : 3.98
NSX~4 3.98
KSX=5 3.98
NSX~6 3.98
NSX-7 3.98
NSX-8 o 3.91
NSX-9 .. 3,88

THE MEAN IS 3.9859
THE VARIANCE IS 0.0033
THE STANDARD DEVIATION IS 0.8576

PERCENT -
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TABLE 67.

TOTAL TRON BY X-RAY ELUORESCENCE

SAMPLE =~ - PERCENT
: : ' "OXTDE
GA- (Lit.) 2.83
- GA (Exp.) 2.90
G-2 S 2.90
BCR-1" 13.15
NBS-70 " 0.33 -
MRB-8 1.95
NSX~1 . 4.39
NSX-2 . 4.38
NSX-3. bbb
NSX-&4 4. bb
NSX-5 &.33
NSX-6 4.26

"y

“THE MEAN 1S 4.3500
THE VARTANCE 1S 0.0030

. THE STANDARD DEVTATTIN 1S 0.0500

N
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D. CALCTUM

Calecium was determined by the following methods: .atomic absorption,
Htration and x-ray fluorescencec. All the analytical results for Cal deter-

rined on the NSX subsamples by the threc different methods are given in

"Taibles 74 to 76. Each table also gives the values for the control stan-

dards GA, -BCR-1, AC2-2, SYN.G2Z, G-2, NBS-70 and MRE-§. The mean, yariancq
md standard deviation in each table refers to the values for .the NSX sub-
samples. ‘No values were rejccged. -

. From the above tables it is obvious that in terms of accuracy and pré-
csion, titratien gives the best value; 1t is very close to the recbﬁmended
wlue and has the lowest standard deviation. The following tabulation sum-

-

rarizes the results:

. , AA T ' XRF
 Average : v
% Cal ' 2.08 ' 2.16 ., 2.10
in NSX T
7 T

S.D. 0.08 0.01 0.04

b

Rec'd Value " 2,31  (Turek et al.,1978)

~

T the determination of Ca2 by titration, the time needed for the prepara-
ton of the reagents is an inconveniance. The atomic absorption method is

fast but the use of nitrous oxide as support gas produces a noisy signal,

.
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dso a releasing aggﬁcAis mandéﬁory; it decomposes the ﬁomplexes formed

wth caleium such as Ca-Al and Ca-Si. *Tn x-ray fluoresccnce detcrmination.

the choice of a suitable standard to closely match the unknown is very im-

prtant.
L .
It should be noted that the titration method also measures the' proxy-—

‘ing elements (Ba, Sr; Pb), while atomic absorption and x-ray fluorescence

-

xe metal specific and should yield lower values fhan chemical methods.

The statistical c;mparison of the results'dﬁtnineg by the th;eé methods
s been evalpa;ed using F- an§ t~tests (Tablés 57 to 79). ‘F-tost of var-
innces shows;that precision by titration is.significantly béttpr than by
the other two methods. COmbaring the.means using the t-test shows no sig-
@ ficant difference at the 5% level, h0we§cr, titrﬁtion does gzive a2 higher
walue than atomic dbsorption and x;ray fluorescence. This is what 6nerwould

expect, instrumental_{atomic absorption and x-ray fluorescence are metal
. 7 . :
pecific while chemical titration measures proxying elements.

These differences, therefore, demonstrate that there is a bias be-

tween the methods, and titration appears to be the most precise and accurate

method. . .
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. TABLE 74 . RESULTS FOR

. CALCIUM BY ATOMIC ABSORPTION

- ) '3 -
SAMPLE ~ . © \—. PERCENT
o | - OXIDE
8CR-1 ' 6.69
GA 2.72
AC2-2 2.21
SYN.G2 . 1.02
NSX-1 ~ 2014
NSX=2 2.2
NSX-3 . 210
NSX-4 2.11
NSX-5 1.96
NSX-6 1.97
NSX-7 2.01
NSX-3 2.14
NSX-9 216

- v oy S A S e d e e e L A - -

THE MEAN IS 2,0937 .
‘THE VARIANCE IS 0.00638
THE STANDARD DEVIATION IS 0.0827

TABLE 75.

CALCTUM BY X-RAY FLUORESCENCE

SAMPLE PERCENT

' ‘ OXTDE

GA (Lit.) 2.45

GA (Exp.) 2.48
G-2 1.40 . -
BCR-1 6.87
NBS-70- 0.16
MRE-8 - 0.57
NSX-1 2.13
NSX-2 2.11
NSX-3 2.13
NSX-4 2.13 7

NSX-5 . 2.12
NSX~6 X, ' 2.11
THE MEAN 1S 2.1000

THE VARTANCE TS 0.0016
THE STANDARD DEVTATTON I$ 0.0400
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"TABLE 7¢. RESULTS FOR

CALCIUM OXIDE BY EDTA TITRATION.

ROCK ' .. WEIGHT OF  TOTAL ALIQUOT

aﬁ!.

PERCENT

—— i k- —— -

EDTA
SAMPLE SAMPLE VOLUME  VOLUME TITRANT OXIDE
g - ml mi .ooml .
BCR-1 0.5002 500 15 9.60 6.55
GA 0.5028 500 15 3.57 2.42
‘AC2-2 0.5000 50 . 15 2.95 2.01 .
SYN.G2 0.5000 500 “15 2.90 1.98
NSX-1 0.9968 1600 15 3.18 2.17
NSX-2 0.9963 1000 - 15 - . 3.18 2.18
NSX-3 0.9987 1000 15 3.17 2.16
NSX-4 - 0.9974 1000 15 - 3.17 2.17
NSX=5 - 1.0000 . 1000 15 3.16 2.15
NSX-6 0.9998 1000 15 3.18 2.17 .
NSX-7 . 0.9942 1000 15 3.19 . 2.18
NSX-8 0.9939 1000 15 3.16 2.17 .
_ NSX-9 0.8585 1000 15 2.72 2.16
BLANK 0.0000 1000 15 0.00 0.00

¢ Ca0 = Titrant x (F) x Volume of Solution / Volume of Aliquot x 100

Weight of Sampie

where (F} = .0001020 gm of Cal / m] of EDTA

THE MEAN IS  2.1688 ‘
THE VARIANCE IS 0.0001
THE STANDARD DEVIATION IS

0.0109
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E. MAGNESTUM

-

Magnesium was determined by the following methods: atomic absorption,

dtration and x-ray fluorescence. By atomic absorptlon magnesium was deter—

mned twice on solutan B'- once usxng lanthanum oxide as a releasxng agent

-

‘end again’ without the releasing ageat. The results are slightly higher for

the solutlon contalnlng the releasxng agent All Ehe analytical results

br Mgl determlned ou the NSX subsamples by .the three dlfferent methods
‘are given in Tables 80 to 83. Each table also glves the values for the

cnntrol standards GA BCR—l ACZ SYN.GZ, G-2 NBS 70 and WRB -8. The

-

rean, variance and standard dev1at10n in 'each table refers to the values

br the NSX subsamples. No values were'rejected,

~

FrOm the above tables it is obvious 'that in terms of accuracy and pre-
N . .

- dsion atomic absorption glves the best value and has a low standard devxa-

L]

tion. The following tabulation summarizes the results:

AA T IRF
Average
% Mg0 . 1.06 g 1.21 1.34
REYS e

S.D. ' 0.03 0.08 ) 0.37

x
Rec'd Value 1.11 (Turek et 21.,1978)
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. . . . . .

“Tn the determiﬁgtion of MgD by titration there is -an analytical problem

In that magnesium is decermined by difference, with the caféium values being

-
13

wbtracted from the total (Ca + Mg) 'value; therefore before’one can deter—

- -

.mne megnesium by titration, calcium must first be determined by the same

method. Tn the x-ray fluorescence determination. the choice of a suitable
“standard to closely match the unknown is very important.
Tt should be noted that the titration method also measures the proxy-

-

mg elements (eg. Be, Fe and Li) while atomic absorption and x-ray fluores-

' ®nce are metai spec;fic and should yield lower values than chemical methods.
The statisticgl comparison of the resulté‘obtainedrb} the tﬁree'mcthods'

las been eval;xated usirg F- and t-tests (Tqbles;SA to 86}. F-test of va.ri-.

mces shows.that precision by atomic absorption is significantly better than

- - L

by the other two me%héds. Comparing the means using the t;té§q the values
xTe nét significané at the 52‘1eve1, however, the atomic absorption valués
xe closest to the ‘recommended values', and tﬁe titration value isﬁhgqg
test. |

These differehces, therefore,.demonstrate that there is a bias betwgen
rethods, and_atoﬁic aﬁsorption appears to be the most accurate and precise

method.
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. TABLE. 80. RESULTS FOR (WLTHOUT LANTHANUM OXIDE)

© MAGNESIUM BY ATOMIC ABSORPTION -

SAMPLE ‘ .- PERCENT
o . OXIDE *
. BCR=1 : . '3.14
. GA - ~ 0.76
AC2-2 . . : ‘ 0.98
SYN.G2 o : 0,57
- NSX-1 0.98 .
- NSX-2 , | 1.00
NSX-3 | \ 0,97
., NSx-4 | . 0.98
" NSX-5 " 0.96
NSX-6 _ 0.91
NSX-7 ‘ 0.95
NSX-8 . T 0.96
NSX-9 \ 0.92

THE MEAN IS 0.9632
THE VARIANCE IS 0.0007 : :
THE STANDARD DEVIATION 1S 0.0277

TABLE 81. RESULTS FOR (WITH LANTHANUM OXIDE) -

MAGNESIUM BY ATOMIC ABSORPTION

SAMPLE PERCENT

0XIDE

BCR-1 3.44
GA . . 0.86°
AC2-2 1,10
SYN.G2 | k 0.63
NSX-1 . | 1.09
NSX-2 1.10
NSX-3 1.10
NSX-5 1.07
- NSX-6 1.00
NSX-7 ' 1.06
NSX-8 . ' o 1.03
NSX-8 : 1.01

THE MEAN IS 1.0679
THE VARIANCE IS 0.0012
THE STANDARD DEVIATION IS 0.0350

@
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" TABLE  83..

" MAGNESTUM BY X-RAY FLUORESCENCE

SAMPLE .. . .PERCENT
- : OXTDE
GA (Lit.) . 0.95
GA" (Exp.) _ - 0.95
c-2 - R . 0.85
BCR-1 © o 3.45
NBS-70 0.08
MRB-8 o .0.28
NSX-1" 1.19
NSX-2 C 2.20
NSX-3 i
NSX~4 1,19
NSX-5 . 1.17
NSX-6 ' 1.17
&
THE MEAN IS 1.3400
THE VARTANCE TS 0.1443 .

THE STANDARD DEVTATTON 1 0.3700 |

e e Ry ————— e Ry
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SODTU

~

Sodium was determinéd by only two meti‘xodé: atomic absorption ‘and £lame
enission. All the analytlcal resul;ts for Na," de'_termined _on'r;he NSX sub-
smnples by t:he £wo d:.fferent methods are given in ‘Iab‘les 87 and 88. Each
tble also gives the values for l:he. control standards GA, BCR-l AC2-2, and
‘ S(N.GZ.'. The mean,w_raria'nce and standard dev:.a:::.on in each table' refers to
the values for the NSX subsamples. The values of 4 .14 was rejected in the
&termination of Na,0 by flame emission. 7 _ o

From the above tables it is obvious that in terms of accuracy and pre-
d.sion,\‘a'tomic absorption -gives' t'ne petter value. It is -¢loser te the 're-
commended’ value and has the lowest standard deviation. Because the recom-:
manded valué for NSX came frcm ‘Iu.rek et al, (1978), which specified the
we of only atomic absorption, thus the NSX values in this thesis are very

dose to the collaborative 'recommended va.lue. The follom.ng tabulat:.on

qmmatrizes the results:i

i

) )
AA : FE
Averzge , .
7 Nas0 Y 3.69 3.93
in NSX
s.D. " 0.08 0.09

Rec'd Value , . 3.66 (Turek et al.,197‘8)

3

e A R G P —m



" flame emission at the 5% level. Comparing the means using the t-test the' ° °

o ekt

. " e ) .‘ . ’-150- ‘ . .h‘ . ' ' - “'

, : . . . . . . ) “

The atomic absorption and flame emission determination were both

omnducted on the same” instrument.

The statlstical c:omparlson of the results obtained by the two -methods
. R

l'ns been evaluated using F- and t- tests (Table 89). F-test of vari.anc.es

‘shows that .precision by atomic absorption is not significantly “better than

~aomic absorption values are significat_zt'iy different at the 5% level. * -

These differences, therefore, demonstrate that there Is a bias between

-

rethods, and atomic absorption appears to be the most accurate and precise

rethod. 3 -
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o | TABLE 87. RESULTS FOR - A/ - .

SODIUM BY ATOMIC ABSORPTION

SAMPLE - : PERCENT
| - OXIDE ‘

‘BCR-1 = . ¢ 3.59° L
- GA - ~ . 3.4

AC2-2 . - 3,59 ‘
. SYN.82 L 4,29

NSX-1 - " 3.59

 NSX-2 . o 3.89 i
’ rsx"a B 3-63

NSX-4 . 3.7

NSX-G ‘ . - 3064

NSX-7 : - 3.66

NSX-8 3.71

NSX-9 ' . ‘ 72 7

THE MEAN IS 3,6915 .
THE VARIANCE 15.0,0064
THE STANDARD DEVIATION IS 0.0802

TABLE 88. RESULTS FOR ‘
’ . ~ =
SODIUM BY FLAME .EMISSION
. SAMPLE’ ' PERCENT
' : OXIDE -
BCR-1 3.92
GA 4.01
AC2-2 -3.99
SYN.G2 h 4,4]
NSX1 3.9
~NSX=-2 3.88
NSX-3- ’ : 3.90
NSX-4 _ " 3,90
NSX-5 S 3,95 .
NSX-6 3 3.87
NSX-7 3.85 .
NSX-8 ) 3.84
Nsx'g - . 4.]4 . ’

THE MEAN IS 3,9276
THE VARIANCE IS 0.0073 .
THE STANDARD DEVIATICN IS 0,0857 . -
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'G. DPOTASSTUM

Potassium was determined byrthe foilowing Féthods: ;atomic a?sorption,
ﬂgme emission and X-ray fluores?éncci All -the analy;ical_results for_Kgo

- aatermined'on the NSX s;bsamples'Ey the diffe;ent methods ﬁré given in Tables
D to 92: .Each table alsa gives thélvalues for the control standards G%,
ESR-I, AC2-2, SYN.G2, G-2, NBS-70 and MRB-S.' The mean, variaﬁce and stan-
drd deviation in-each table refers to the values for the NSX Subs#ﬁples.‘
b values_were‘réjected;- | .

From the ‘above tables it is @bviou§ that in terms.of accuracy and pre~ .
dsion x-ray, fluorescence gives the best value. This is ‘somewhat surprising
. Ca K- . :

< L. . s . .
& general consensus 1s that flame emissioy is the preferreéd method for the

" getermination of potassium. The following tabulation summarizes the .results:

AA FE XRF
Average
i o K9 ' 4,29 4.14 3.88
NSX
5.D. 0.20 0.17 0.01

Rec'd Value 3.93  (Turek et al.,1978)




- The atomic a_bsorpﬁion and flame emiss:l.on dccerm:.nal:lons were both conductcd .
a1 the . same :.nstrument. Tn x-ray fluorescence detemxnatxon the choice of
a suitable standard to closely match the unknown is Very 1mportant. All

three method.s are mstrumem:al and metal spec:.f:.c.

The statlstlcal comparlson of the results obtained by the three

‘m:t:hods has been cvaluated using_F- and t tests (Tables 93 to.95).  F-test

o variances shows that prcc1s:on by x-ray fluorescencc is signi_ficantiy
Iotter than by the other two methods. Comparing- the means using ther t-test
"the values'are significantly differeﬁt at the 5% level. . Th—e x-ray fluores-
@ence value is closer to the 'rccommcnded‘ value.

.'I'hese differences,' therefore, demonstrate that therc is a. b:.a‘:, bc—

ween methods, and x-ray fluorescence appears to be the most accurate and

mwecise method.

a



Ut s5- .

" TABLE 90. RESULTS FOR

. POTASSIUM BY ATOMIC ABSORPTION

SAMPLE PERCENT.
' X - ’ O0XIDE
* - BCR=1 - 2,06
L . 8,46
AC2-2 4,37
- SYN.G2 5.50
NSX-1 4,37
NSX=-2 - 4,52
NSX-3 4,39
NSX-4 4,40
NSX=5 . 4,45 -
NSX-6 4,39
NSX=7 - 3.85
NSX~8 4,09
NSX=9 4,19

- THE MEAN IS 4.3016
THE VARIANCE IS 0.0403
THE STANDARD DEVIATION IS 0.

2009 .

TABLE 91. RESULTS FOR

POTASSIUM BY FLAME EMISSION

- - el b - e S

SAMPLE PERCENT
OXIDE
BCR-1" 2.33
GA 4,30
- AC2-2 4.30
SYN,.G2 4,93
NSX-1 4,42
NSX=-2 4,23
NSX-3 4,21
.NSX-4 4,19
NSX=-5 4.19
NSX-6 4,16
NSX=7 3.79
NSX-8 3.95
- NSX=-8 . 4,15

K‘ThEAN IS 4.1478

THE VARIANCE IS 0.0284

THE STANDARD DEVIATION IS 0.1685



TABLE 92, _,
. ' . .
POTASSTUM BY X-RAY FLUARESCENCE '
SAMPLE " ! PERCENT
o . OXTDE

GA (Lit.) - " 4.03

GA (Exp.) 4.0

G-2 T 4.45

BCR-1 : 1.76

NBS-70 : - 11017

MRB-8 3.68

NSX-1 3.87

NSX-2 ‘ 3.88 .

NSX-3 3.90 :
- NSX-4 - ) 3.90 -

NSX-5 3.89 -

NSX-6 S " 3.90

THE MEAN IS 3.8800
THE .VARTANCE TS 0.0002
. THE STANDARD DEVTATION TS 0.0100

-

[
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R H. MANGANESE

4

Ménganeée was determi.ﬁed by the foliowing. methods: a#omic absorption,
‘-spéctrophot‘?metry éhd x-ray fluorescence. ‘lAll the anal.g.rti_cal resﬁlté
or Mn0 detémined on the NSX ‘s_u‘bsamplgs by the three d.ifférent methods
.:-r.e given in Tables 96 to 98. -Each table‘-also’ gives the vqlue's for the con-
.t_rolrsta*;'ldards GA, ‘-BCR-1, AC£—2, SYN.G2, G-2,-NBS-70 aqd. MRB-§8. The mean,
wriance and starndard deviation in each table refers to the values_-for' th.e .
__NSX -subsam'p}es. '?nly. one valu;-: was ghejected. _ Tﬂe{ reasoﬁ for the rejcct:i;‘on
.E‘ that fﬁr‘t.h;—: det:zrﬁxinati-on of Mn? by spectrophotometry zll thé valucs. for

r

the NSX subsamples are the same except one, the rejected value.

~
-

' From the above tables it is obvious that in terms of accuracy and

— 1

! . - .. .
wecision all three methods give comparable values. M) following tabu- :
lation summarizes the results:

== &

"AA - SP. . X®F

]

. Average . - :
% Mn0 0.08 © 0.07 - .0.08
in HSYX- ’ .

(1Y

&

S.D. . 0.00 0.00 ~0.00

. - Rec'd-Value 0.08 (Turek et al.,1978) g




s

* . - ° .' : : .
- The, spectrophotometric determination” of manganese is. relatively simple

r

‘t the delay, "time for colour development is an inconvenience. In x-ray

- ~

fluorescence determination the choice of a suitable standard to closely

match the unknown is very important.- .

. Tt should be noted that the spectrophotometric method also measures

-

moxying elements (eg. Cr and V) while atomic -absorption and x-ray flgores—

@née are metal specific and should yield lower values than the chemical

mthods.

The statistical comparison of the results obtained by the three methdds

-

s been gvaluat%d‘using F- and t-tests (Tables 99 to 101). F-test of -

wriances shows.'that precision is significantly different between the three

methods. Comparing the means using the t-test, the values for atomic ab-

orption are significantly different than by the other two methods.

+

" These differences, therefore; demonstrate that there 1is a bias between’
rethods. .Tn the M) determination the bias seems vague since the values

bet@een the three methods are comparable, but nevertheless it does exist.

-
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' TABLE 96+~ - RESULTS FOR -

MANGANESE BY ATOMIC ABSORPTION

- SAMPLE .  PERCENT.
- o _ OXIDE
~ BCR-1 . T g2

... BGA i ~‘ o 0.09

CAC2-2 " 0.09 -

SYN.G2 - I K )
NSX-1" - 0,09
NSX-2. - , 0.08
NSX=3 . 0.09
NSX-4 . ‘ o 0.09
NSX-5 . L 0.09 -
NSX-G . . ’ 0.08
NSX-7 . _ 0,08
NSX-8 : 0.08
0.08

Nsx-g N -

THE MEAN IS 0.0894
THE VARIANCE IS 0.0000
THE STAHDARD DEVIATION IS 0.0017

TABLE 97. RESULIS FOR

‘MANGANESE BY SPECTROPHOTOMETRY

SAMPLE - .~ PERCENT
o ' OXIDE
BCR-1 . : 0.17
GA ) 0,08
AC2-2 0.07
SYN.G2 0.03
NSX-1 0,07
NSX-2 0.07
NSX-3 - 0.07.
NSX-4 0,07
NSX-5 0.07
NSX-6 < 0,07
NSX-7 ; 0.07
NSX-8 L 0,07
NSX-9 *-0.08

— - -pam -

THE MEAN IS 0.0754
- THE YARIANCE IS 0,0000
" THE STANDARD DEVIATION IS 0.0037



' TABLE 98.
MANGANESE BY X-RAY FLUORESCENCE .

SAMPLE ' - PERCENT

OXTDE
' GA (Lit.) - 0.09
GA. (Exp.) . ’ 0.09
G-2 0.03
BCR-1 0.17
NBS-70 0.00
MRB-8 o 0-02
NSX-1 " 0.08
NSX~-2 0.09
NSX=-3 0.09
NSX-4 0.09
NSX-5 0.09
NSX-6- 0.09

THE MEAN 1S 0.0800
- THE VARIANCE TS 0.0000
THE STANDARD DEVIATTON 1S 0.0000



| \
w ) 00°0 . 'a's . . 00'0
5 . 80°0 . NV 80°0
S : | .
J_ ‘.
i .
m " . ’ ) i
md _ - ! < .
i : T3A37 26 ML LV h=¢o_m_=u_m SI
o , SIONVINVA L NIINLIT IDWIYIIA10 3L
njn‘:Sﬁzsmﬁéaqaeazginmm§£¢
HOOZ3Y¥) 40 S33¥930 9 ONY 6 HLIN OLT ="2(®0~
W.. “A. . . . | - . ' . L mc.o
U .. . 80°0
P | 80°0 °
o 60°0 e . 80%0
SR U S - . 60°0
2 . 80°0 o 600
_ oo 80%0 . 60°0
Fal A O SR 80°0
: L0°0 - S o 60°0
g . 3010
S - <) " IN3D¥Ad
..,. . \ ‘n—.x\.. | . <<
N .. | asanvoNv .

b ADNED SANONTA AVE-X NV NOILJUOSAV DINKOLV
T . .wm mﬁ:ézﬁ Yod 1623 L UNV 1693 ~d
: ‘001 d16VL

00°0 'q's 00°0
£0°0 NVIN g0'0
® . - o
. | 13ATT X6 L. LV LNVOTJINDIS SI
. - _SIONVINVA 3HL NIIMLIA JONRUTLIT0 ML
WOO33¥4 40 SIIWHIT 6 QMY 6 ILIM BL'E =31qeI-f
H0G33Y4 40 SIIDIQ 6 OGNV 6 NLIN 00y ="1®d~d
60°0 800
© 10°0 80°0
C10°0 , 80°0
< .00 - . 800
. £0°0 60°0
100 60°0
£0°0 60°0
£0°0 80°0
£0°0. 60°0
) . J01X0 : . 301%0
, . IN3OHN o 1N3243d
Cods . : W
IIIllﬂllllllllllllllllllnllll!llllllllllllJ
. 3SINVONVH
: . . ?zkmzos_aoz_ﬁom&m (NV NOLLJUO SV U.HEO.H&
’ . A" ASINVONVH U0 385331 NV 16931
‘66 q19V8



- ) T R B | OO-O .. . . -Q-m . . Oo_.o
. 80°0 NV - 10'0

. “13A31 %5 ANL 1V LMDT4IN9IS ST
s mmuzimg ME. zumz._.wm EMUENEEED(UREID)
" sonmux.,_ .._o $3349H30 9 __c=< 6 t.Z.z (£ =Rlqel-d

- . HO033Yd J0 $33¥930:9- ANV m HLIK 0L ="21®d3-d

1]

n

- b iy B PR Y e e kB P e G v b A LS WD R e S

- ) [

a 80°0
o £0°0
[ v v R NQ-O
60°0 -, , £0°0
80°0 o . £0°0
- 80°0 . _ £0°0-
80'0 - . - 10°0
. ' 80°0 . £0°0
. 10% . 4. £0°0
_ 30I%0 _ . 30IX0
1HI0¥3d - - . 1N32Y34
4X : _ ds

P o e S B Ra om ) B D P T T

- u 3SIHVONH

S

‘ AONTD STHON'TA AVU-X NV AULAKOIONIOUIOHd S
. S A mﬁzézﬁ UOd 315241 UNV 3833 ~d
e v . Y101 AavlL



v
. . . 1 : .
* . '
¥ ) ’
.- . THLBE “HPANLes
’ ) . : “RLGL ‘1rinbe
- TONEeA _:._Eenimuo.n &1 "1UA ‘094 puv ‘uopssfud varetd uolio E|
44y ‘Adoososyoads 9oudasdiong} Les-x Bf AX 'f1q0mpaead Bf O ‘uofivally S1 L t£110u004dol32adE Y dE ‘Adosrodionds
. uotEe)ud? omael) By AL ‘Adoasoir1nads vojidioEge D2ywole Bf YY 'UOJ1RTAGD DJICHIBIE ) o ‘uysaw 2110@YliSe 51 7% aaoyy
op0°0| 085070 91°0 | yor-o{ eo'c | om0 |0a'e |svoro |11 | ss0’o | ti'z | s0T0|BOY 0z st veceo |, 48
'£00°0 2110 | w'o g0} pirvo| B | 1o 06'e jToOTO | 197V | E90°0 | £G72 coojar' | osrco| ozurt )
00070 0800 QI0°0| HB'E QLE'D | ¥E'L | OFOTO {OT'2 oco'olec'r | orzo{ ook st | ototo|kEUIL -dX
N . . orz'o | ose'st | vosof{iotra | O
. X :
op0'0 | I2°1 01070 | 91°% | OEO'O[SE’F . 1
009°0| 0L0°0 | . . 0s0'0| 86’ | ooLo [ove's1 | 09E'D| G0"0OL dE
-
gsr'o| vi‘'v | ovo'o ,GB’E - ’ ) - 44
000°'0| 08070 ooz oleev | oovo|ore oco’o 90°t | 000 [ w2 *] 060°0|20°F | OL57O [ OLE ST 09070 | 8R°LO Yy
|, x 0 x o x o | x o x o x o x “n x o x
. o - 4\ B - - T I
o um ofL .. A vy g ) (e 1w 15
B} (sopixQ quesied)  sIuduail . poyIon
AINYS AHIOH-HT, XEH BO4 RLINETY (VI LINIVRY J0 AU g .
’ .
. : 01 anavy,
/./ . ’ + - ’ 5N
¥ - . -~
. ) . -
- . X .
. ] y . .
. . . . ¢
- ’ . N R . .
'y . .
‘. . . .
+
__;. ~
. ’ ~ '

Sledtbdn



T

- - - st

VTT. SUMMARY AND. CONCLUSTONS | .

A complete chemical analys:.s of a rock involves the deterniination of

thirtee onstituents; in this study eight cons::.tuents have been determ:.ned

. i replicate Ey up to six different methods. (Results by one method, argon

e

plasma emission,l is taken from -Quirt, 1978.) Th\e\ data is sutnmar:.zed in Table
102 which gives the aver:rge by a particular method of the replicat'; deters
m'.nation's together with the assoc.lated standard dev:.at:.on. 'fa's‘,»le 102

dso gives the recommended value forl sample NSX whlc';1 has been éxtensi\:ely
malyzed by thirty-five laboratories. 1f- the recoax;nended value can’be ac-
ceptéd as the 'true’ —concentr-ation then inferencé with respect to aceuracy

@n be made. 1t .should be noted that the collaborative analytical results- .

for sample NSX are exceptlonally good and standard deviation for all con-

-y

_stituents is better than ‘for such well know-n 1nternat10nal standards. as,

2 and GA .

The purpose of th:Ls study has been to examine the pessible bias bet-

"een methods. ’I'he- precision of analyses by all methois is good and compar-

ing the standard deviations given in Table 102 to preci ion of analyses on

'internatiorlal standards SY-2, SY- -3 and MRG-1 as tabulated in Tables 1tob

the precision of the NSX results compares Vvery £avourably. Similarily in
terms of accuracy the values for the intérnmaticnal standard’GA, BCR-1,
&c., obtained in this study ;?:e in agfeement with the recommended values;
also the results for NSX agree with the recorded value. EHence, “in terms
o accuracy and precision the replicate analysis reported for NSX by d:.ffer-

et methods afe all acceptable values. However, inspection of the data
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Gable 102) does sgow some significant differences in érec;slon (i.e. stan—
" &rd deviation of results) and the differences between the means lndlcatel
| | éther accuracy or more likely.a bias.between-mechods.a
The‘grgﬁn plésma emigsibn results ar; generally slightly higher, cur—
ent work by'Mitchell (1978) on trace'eléméncé‘sugges;s that ;his may be
die to mat:ix‘effécts, parﬁichlgrily shift in backg;;uﬁd 6f,the afgon
<pﬁtinuﬁm-emis;ipn. &he ptﬁef methods do ngt show such obvious systematic
. ' ' effects. - o ! '
Examining the individual results for éabh element by the different
-. pethods the following conclhsiﬁﬁé are‘made:

a .tn the determination of silicon, a;omic absprption appears to be the’
Bes; méthod; it has the lowest standard devidtion and the résuic is
closest to the recommended value. GraQimetric meth;d offers similar
accuracy but poorer precision. - |

(¢) For aluminum théré are no significant differences (at the 5% level)
between all fo#rrmethods in terms of accuracy, but i? terms of precision

( : ) x-ray fluorescence and gravimefry appear superior. -

(3) Precision in the determination of irom is very similar for all four
methéas. Atomic absorption appga&s most “accurate while spegt;ophéto~
metry is second best. -

&) Calcium values show no'significant differences in terms of accuracy

- but acomlc absorptlon and titration glve the most precise answers.

Tt is 1nterest1ng to note that tittation gives 2. 16/ CaQ compared to
2.08% (by atomic absorptlon) and 2.10% (x-ray fluorescence). This

is what one would expect, atomic absorption and x-ray fluorescence are

metal specific while titration also measures the proxying elements

(Ba, Sr, Pb). Though not significant statistically, this in my opinion
v .



is an ekemple of method bias.

- ) Magnesium by atomic absorption shows best precision and is closest ‘to

the recommended values.

tion

‘Stat

prec

slightly higher 1.21%

. 1tratlon and x-ray fluorescenc

ist1cally the dlfferences in ' mean

ision. Again.the 1.06% MgQ value

"method bias.

©) Sodium has been determlncd by atomlc

-~ . flame emission is generally accepted

) Tn the determlnatxon of pot3551um by

Mgh by titration is in my opinion due to

The differences io precision for atomic absorp-—

EIEN

e 1s'significant for all.

s is not sxgn1f1cant, but this

'is-because‘mageesiom by x-ray fluorescence suEfers from very poot

by atomic absorptlon versus

~

absorption and flame emissions
as superilor to atomic absorption. .

atomic absorptlon, flame emission

and x-ray fluorescenge xX-Tay fluorescence appears bcst in terms of

prec

ision and: accuracy.

sensus is that flame emission is the

pota
The
tory

(8) Mang
velu
mina

stab

element €

551um, hence this may be a situat

This is somewhat surprising as general com-=

preferred method for determining

ion of laboratory/analyst bias.

calibration oraph for potassrum by flame emission is not satlsfac—

and may be the cause of the prob

. - ° .
anese is a minor clement and’ all-
es. Preferences for atomic -absor

tion of manganese by atomic absor

ility is excellent and manganese

Based on the results in Table 102 the

weferenc
to note t

clements

e has been developed and is given
hat the- recommended methods are T

in the periodic table. Thus for-

lem.
thrée ‘methods give comparable’
ption 1s 2 personal one. Deter=

ption is very easy; instrumental

is probably the next easiest

o copper to determine by atomic absorption.

following tabolations.for method

in-Table 103. 1t is interesting

-
'

elated to the position of the

sodium and potassium (alkaline



. elements) flame emission is recommended; for calcium and magnesium (rare

-

-earch elements), titration (i.e. chemical method) is recodmended;-for iron .

N

 ketween the different methods. Generally it is thought .that silicom is

. bgy for rock analysés. Something like this has been done in water

ad manganese (tran51t10n elements) atomic absorpt:.on is the. preferred method ;

for s:.hcon and alummum (agam adJacent to eachother in the penodzc table)

aomic absorption is recommended for siliconm, x—ray fluorescence for aluminum,.

toth being instrumental methods.
In terms of biases between methods there are significant differences

tketween means and the sténdard_ deviations. It 1s believed 't:hat some of
these are'differences due to biases between methods. For example iron
ty titration om all the NSX determinations and on the standards is higher

than by the other methods. Similarily silicon shows large differences
> .

-

test détefmined ‘gravimetrically; hewever, this study does not show t‘his.
. v .

Silicon, the number one constituent in most rocks remains as the most dif-
fleult to’detemine with an uneerf:ainty of about +1.3% (atq 95% conf.idence--
levei). o~ o : -

. : 4
Br calcium and magnesium though the differences are not significant; the
slightiy higher titra¥ion value compared to atonﬁ.c absorption is in my
inion due to method bi'as. Examining. the data for SY.-—Z, SY-3 and MRG-1
(Cables 1.1:0 6) it'is' interesting to note that titration for magnes-ium
is always the highest value.

Tt is clear from this stut%’y that differences in precision, by a

fictor of 10, exist between the different methods. Also the mean values

ae different. -What is obviously needed is a2 controlled collaborative

.

sx:udy'to further examine the problem and to establish a hierarchy of methodo-

malysis where a method is identified on the basis of precision and accuracy

br the level of precision and accuracy requiyed by the analyst.



e rm———

L - l170- .

TABLE 103.

PREFERRED METHOD, ACCORDING TO STATISTICAL. PARAMETERS*

’ _ Elemenf ) . l, ) ‘Methodw*
’ Mo Fs | se T | e XF | APEwxd.
si 1 3 2
51 ‘3 2 1
Fe(t) 1 2 2

ca 3 | 1 2
' Mg . 2 1 ;3
Na 1 2 3

Mo 1 ' kz-_ _ 3

*Qther typical elements not analyzed are phosphorous. and titanium.

**where AA is atomic absorption, FE is flame emission, SP is spectro-
photometry, T is titration, G is gravimetry, XF is x-ray fluorescence
and APE is_.argon plasma emission.

**xxkQuirt, 1978.

-

™
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L . C APPENDIX . III .
SUMMARY OF RESULTS OF ALL :.mu:, : .

Elesents (Percent Cxides) .

1 Al Te ca Mg Xa K ] .T s
AR 12.880 6.890  3.440  3.39 2,060 : 0. 210
[£3 3,93 -2,330 :
- 5P 12,870 - ok D.1:0
& T 13,530  6.950 _ 3.210 5
= XF 35,996 14,391 13,132 6.870 3. 450 - 1,761 0.138
APE"® 13.810 14.090  6.980 3.390 3. 56 3.610 0.40  '2.10 0.2:3
Rvee= 34, 300 13.810 13.400  ¢.920 3, 460 3,27 1.:00 0.3% Z.20 0, 380
AA 70.320 16,130 2,910  2.720 0.360 3.74 4. 460 0. 090
3 . 2,01 4.300
3P 71.300 14.740 2,680 0, 80
< T 2,970 =.420 1.140
< c 71.3:0 14,970
Xr 70, 560 149,661 2,900 2.430 G, 950 4,010 0. 090
APES* 70,012 1%, 260 T.800  2.800. . 1.140 313 3. 360 J.4% - 0.104
Riwe~ 59, 900 14,300 3.830  2.430 3,950 3,55 3,030 Q.12 g, 38 0. 090
o AA 4.2:0 2.0 1, 100 3.58 - 4.370 -g. 080
I T \FE - - . 3.99 3,300 -
B2 5P 5.070 0.070
<=L T q.820 2.0L0 1.430
- RVEE 57,340 13,270 <.080 2,110 1,110 3,36 3.930 ¢.16 . 0.37 0.0
= AA 16,370 2,130  1.020 9,530 4,29 5,500 0.0L0
8o TE - a4, 41 1,930
) SP 13, 100 2. 630 X 3. 030
g E T . Z2.530 - L.980 0. 660
R S 13,030 j ]
< RVe= 15,120 2.530  1.960 Q. 660 .04 3.580 9.13 0. 33 0. 080
AA §7.880 18_870 4.000 2.080 1. 060 3.48 4.280 - 0.080
o = FE - 3.89 3, 140 - -
s (13 70, 099 15.840 3,980 - 0.070
o T - v 3. 950 2.1%0 -
E‘.E G 58, 570 15.890
& XT T1.290 15,460 3.350  2.100 1.340 3.880 0. 080
< APE™* 13.620 3. 170 =2.320 1.610 3.90 T, 380 0,62 9,112
RVae 67 . 340 15,270 q.080 2.1.0 1,110 3.6 3,930 0.16 0.57 0. 080
XF 70. 397 14,933 0.326  0.137 0.079 11.172 . 0. 003
28 APE™* 13.810 0. 07 G.320 0,052 3.39 13, 420
T = Ave=e . 67.100 17.900 0.075  0.110 ‘ 2.55 11,800 0.0
= XF 76,810 12,330 1.949  0.374 0.281 3.673 0.021
ERA Rveza 76,700 12. 100 1.820 0.300 g.250 4.4l 3. 620 3.52 0.16 0.020
o XF 70.874 13, 684 2.900 1,403 0.85%0 4. 446 Q. 034
& Rywen 69.110  15.400 2.650 1,940 0. 760 4.07 3,910 0.14 3,30 0,030

ewhere AA i3 3LOTIC 2DEOTPTiOn 3pecIroacopy, FE 13 flame omission 3pectiroscopy. SP is spectrophotometry, T
, s titration, G i3 gravimetry, XF i3 x-ray {luoresconcs 3pectroscopy, APE i3 argon plasma emisslon, and
AV i3 recommended value. -

ewQuirt, personal communication, 1978. *
eeeFlanagsn, 1972 and 1976.

saTurek, persounal communication, 1978,
s==Turek, 1978. v
$3§5mith, peraonal communication. 1978, *
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APPENDIX IV

OXIDE CONVERSION FACTORS

These may be calculated from the atomic weights of the
¢ atoms involvedr Some - frequently used conversion factdrs are:

OXIDES

-1.8899

1 - :
:0.5291_

1.1165

Bg ———>
© ¥0.8957

Ca

3. 666

————

C .
\0.272

1.3992,

<9.7147

Co

Cr

Cu

Fe

Fe

el

172715:
“0.7864

1.4615,

N(.6842.

1.2518
“0.7988

1.2865, -

—— T T,

N0.7773

1.4297
\0.6994

._1.1113,

“0.8998

9.0000 .

‘1.I111

BaQ

co.,

Cao

Coq
Cr,0
Cuo
Fel

Fe,0,

Fe203

g.
"0.6032

Na

Ni

-

< 1.2046,
<0.8302

1.6579

. 1.2913;
\N0.7744

1.3480,
N0.7919

1.2725
Y0.7858

2.2912

P———A

Re

Si

Sr

Ti

Zn

Zr

“0.4365

1.1288,
<0.8858

2.1392,
<0.4675

1.1820.
v0.8450

1.6681,

“0.5995

1.2447,

\0.8033

1.3508..

\0.7403

Na,0

NiQ

.Re, 0,

S1i0,

Sro

TiO

Zno
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APPENDIX- V

-

SPECTROPHOTOMETER CALCULATIONS USING WANG 2200 *

5 ‘PRINT .***IRON BY .SPECTROPHOTOMETER®
10 SELECT PRINT 005 -
- 20 PRINT HEX{03) .

30 STOP "INPUT PRINT STATEMENT No. 350 WITH' TITLE CEHTRED OVER

38 SPACES; RUN/CONTINUE®

" 40 DIM A(20),E(20),X(20),A$7
.50 PRINT st(os) .

‘60 INPUT “INPUT THE NUMBER OF READINGS‘
70 PRINT HEX(03)

80 PRINT “INPUT THE CONCENTRATIONS"

90 FOR F=1 TO K

100 INPUT A(F)

110 NEXT F : .

120 PRINT" HEX(03) | -

130 INPUT “*INPUT THE VOLUME",B
MOIwm'mmeEmeHMmewm
150 PRINT HEX(03)
160 PRINT *INPUT THE SAMPLE HEIGHTS"

170 FOR F=1 TO K

180 INPUT E(F)

190 NEXTF -

200 FOR F=1 TO K

210 x(F)-A(F)*B*n*(Iog(-4))/E(F)

220 NEXT F

230 W,V=0

240 INPUT "INPUT THE NUMBER OF nsx VALUES",Q
. 250 Q1=Q-1

260 FOR F=(K-Q1) TO K
270 W=W+X(F) .
280 v=v+(X(F)}x2)
290 NEXT F
300 P=i/Q
310 L=(¥/Q)-(Px2)
320 M=SQR({L)
330 PRINT HEX(03) -
340 SELECT PRINT 211

350 PRINT * IRON. BY SPECTROPHOTOMETER"

360 PRINT HEX(OAQA)

370 PRINT “SAMPLE CONCENTRATION PERCENT"
380 PRINT * pPpm . OXIDE"
390 PRINT * "

400 FOR F=1 TO K
410 INPUT “INPUT THE ROCK STANDARD",AS
- 420 PRINTUSING 430,A$,A(F),X(F)

430 Liisdidil Hi. HH 1.4
440 NEXT F
450 PRINT * "
460 PRINT :
470 PRINTUSING 480,P,L.M
480 % THE MEAN IS #H.###

THE VARIANCE IS #. 4844

THE STANDARD DEVIATION IS #.4###
490 STOP ‘
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APPENDIX VI -
TITRATION CALCUIATIONS IBING WANG 2200'"

msa.ecrmrroos . A oo ; .
-.zo PRINT HEX(03)
. 30.STOP "INPUT PRINT STATEMENT No. 410 WITH TITLE CENTRED OVER
38 SPACES; auu;couTtuus' :
40 DIM A{30),E(30 X(30),A$7, ccao)
.. 50 PRINT: HEX(03)"
60 INPUT "INPUT THE NUMBER OF READIHGS'.K
~.70 PRINT.HEX{03)
80 PRINT "INPUT THE TITER VOLUMES"
90 "FOR F=1 T0 X _
100 INPUT A(F) o . |
110 NEXT F. o o A S
. 120 PRINT HEX{03) ' - :
130 INPUT “INPUT THE VOLGHE' B
140 .INPUT "INPUT THE NORMALITY®,N
wommT'mmeE&mmmy
160 FOR F=1 TO K - .~
170 INPUT C(F) -
180 NEXT F
190 PRINT HEX(03)
200 INPUT “INPUT THE EQUIVALENT WT. OF IRON",D
210 PRINT HEX(03)
220 PRINT “INPUT THE SAMPLE WEIGHTS"
230 FOR F=1 TO K .
240 INPUT E(F) . o
250 NEXT F I
260 FOR F=1 TO K
270 X(F)-A(F)*B*N*D/lOIE(F)IC(F)
280 NEXT F
<290 W,V=0
300 INPUT "INPUT THE NUMBER OF NSX VALUES®,Q
- 310 Q1=Q-1
320 FOR-F=(K-Q1) TO K -
330 W=W+X(F) .
340 V=y+(X(F)i2)
350 NEXT F
360 P=d/Q
370 L=(v/Q}-(P32)
380 M=SQR(L)
390 PRINT HEX(03) .
400 SELECT PRINT 211

-

410 PRINT * - IRON BY TITRATION®

420 PRINT HEX({GAGA) . |

430 PRINT “SAMPLE TITER VOLUME PERCENT"
44Q PRINT * | ml OXIDE"
450 PRINT * .

460 FOR F=1 TO K '
470 INPUT “INPUT THE ROCK STANDARD' »AS
. 480 PRINTUSING 490,A$,A(F),X(F)

490 i HE ¥ HiH
""500 NEXT F

S10 PRINT *
520 PRINT :

530 PRINTUSING 54Q,P,L .M

540 - £ THE MEAN IS #4.###4

THE VARIANCE IS #1.4##4
| THE STANDARD DEVIATION IS #.###4
550 STOP - '
560 END
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!;fgfnnxx vir . e
GRAVIMETRIC caxcumar:ons USING WANG 2200 _—

-

S PRINT ™ ALUMINUM BY GRAVIMETRIC"
-10 SELECT PRINT 005 ' _
20 PRINT HEX(03) '
30 STOP "INPUT PRINT STATEMENT No. 340 HITH TITLE CENTRED OVER -
38 SPACES; RUN/COMTINUE®

40- DIM A(20),E(20),X(20),A89 - - T
50 PRINT HEX(03) - | o
60 INPUT “INPUT THE MUMBER OF READINGS",K
. 70 PRINT HEX{03) -

80 PRINT "INPUT THE WEIGHT OF PRECIPITATE'

90 FOR F=1 TO K .
100 INPUT A(F)

110 NEXT F°
120 PRINT HEX(03)

130 INPUT “INPOT THE GRAYIMETRIC FACTOR',D

140 PRINT HEX(03) -

150 PRINT “INPUT THE SAMPLE WEIGHTS®.

160 FOR F=1 T0 K

170 INPUT E(F)

180 NEXT'F -

190 FOR F=1 T0 K ' :

200 X(F)-A(F)*D*IOO/E(F)

210 NEXT F -

220 W,V=0

230 INPUT "INPUT THE NUMBER OF NSX _VALUES*,Q -

240 Q1=Q-1

250 .FOR F=(K-Q1) TO K

260 W=N+X(F)

270° Vav+(X(F)32)

280 NEXT F

290 P=i/Q

300 L=(V/Q)-(P}2)

310 M=SQR(L)
320 PRINT HEX(03)

330 SELECT PRINT 211

340 PRINT * . ALUMINUM BY GRAVIMETRIC®

350 PRIAT HEX{OAOA)

360 PRINT "SAMPLE WEIGHT OF PRECIPITATE PERCENT®
370 PRINT * mg . OXIDE"
380 PRINT * . -
390 FOR F=1 TO X . )

400 INPUT *INPUT THE ROCK STANDARD",A$

410 PRINTUSING 420,A$,A(F),X(F) . o -
420 y 2T #Hi. .4 #HiH

430 NEXT F .
440 PRINT *® - -
450 PRINT '
- 460 PRINTUSING 470,P,L,M -
470 % THE MEAN IS #H.#H#
- THE VARIANCE IS #.#/#f
THE STANDARD DEVIATION IS #.##H
480 STOP

"490 END
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APPENDIX VIII

- " PROGRAM #1 FOR MONROE 34

{ . . .
. | si, Al, Fe,‘Ca and K petermina;idhgl s .
. - ' | Fixéd_Counis | |
) . No Backgrdund
Set Dec;mﬁl_?oint . ) Tw ) o
Reset )
Reset g

-

2.55.° (DT on 108 Counts - Flow Counter —e1.02 for 400,000 Counts
' 1.60 for A0® Counts on Scint. Counter

Store
l_‘ ’ l N * L

1 Exp (C. - No. of Counts on Peak Eg.-loe)

P

"Store

15.19 % Oxide.in Standard)
S/s - )
Variable - Tp {.000)

RCL

1/x

RCL

RCL

—
»

3 (Constant)



RUN

Tp {Time on Peak)

5/5 (% Oxide or pp)
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"APPENDIX VIII (CONT'D)

:}CYCLE



. -181- -
ARBENDIX IX- - T -

PROGRAM #947 FOR WANG 700 SERIES

Magnewium and Manginese Determination :
Fixed Time _ .
One or Two Background Positions

without MA Corrections
Feeding Directly the ppm or % of Standard

Operating Instructions

_Verify Prog: 947 : .

Store Dir 00:‘ Dead Time
' $tore Dir Ol: I*

L)

Store Dir 02: ppm or & of Standurd ,

Store Dir 03: Time for Peak

‘Store Dir 04; Time for Background

Store Dir 10: ﬁ.OO0.00@}<ﬁAny Large Number

Prime Search 1

c GO' Read DT Corrected ¢ps at Y -

C_, GO Read DT Corrected (C_ + C_ ) f at Y and cps at X:
. Bo - ‘ Bl Bo .

Cp » GO Read ppm (or %) at Y and DT Corrected at X

| p
FOR ONE BACKGROUND CBO =0 { =— Using DT Corrected cps of QUARTZ
A CB - -

FOR NO BACKGROUND C, =C_ =0

: By. B2 -

Cp
FOR TWO BACKGROUNDS f = ——— ©No. 5
. o “s, T B2

FOR f CALCULATION, USING PROGRAM #6635

.o



* Mark

-1

sTop. Cg,

Store Dir 05

T

Recallrﬁir -0

(@]

X
Change Sign
Recall Dir 04

+

Recall Dir 05

Q©

|

Store Dir QE
Clear X
STOP , C
. Bz
., Store Dir 06

T

Recall Dir 00
X

l

Change Sign

!

Recall Dir _Cl‘_‘z‘

—

182-

APPENDIX ‘IX (CONT'D)

VRecall'Dir
‘Store Di}
Recall Dir

-+

¢

,Recall.Dir
X

Chgnge Sign
Store Dir
_ﬁecall Dir -

STOP '

Store Dir

T

Recall Dir

X

l

Change Sign

R

Recall Dir
B

Recall Dir

()
|

Store Dir

06 .

g

0

171

0

| g

1}

96

)
Lo ] o

1§

s,

s

s

I3
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. - APPENDIX IX (CONT'D)
Recall Dir -~ 05
-+ . ' .
Store Dir S

Recall Dir

s e

SKIP IF.- Y < X

Séarch' ‘ -
2 .
Recall Dir _9_%
Store Dir 10 : :
Mark )
2
Recall ‘Da':r o8
Recall Dir 10 ‘
X
cRecall Dir _Q_Z
STOP ”
END PROGRAM
~



S ‘_-1184- | | | | |
g . - APPENDIX X T
‘ilpnoéaam-égss-gon WANG 700 SERIES e
. - (.f)‘ Factor i.gi_ng Dead .'-rime eps from QUARTZ

Fixed Time
Two Background Positions

Operating Instructions - v o

Verify Prog: 665 -, - _ o

Store.Dir 00: Dead Time

Store Dir 01: Time for Peak ”

Store Dir 02: Time for Background

‘Prime Search 1-

CB;L" GO Read DT Corrected cps"

‘e

C‘.32' GO Read (.CB]. + Csz) at Y and DT Cor.‘rected cps at X

Cp » GO Read f at Y and DT Corrected cps at X

FOR ONE BACKGROUND cBé'= 0 ‘ .

»
: . e ep ¢ |
FOR TWO BACKGROUNDS f = — Using DT Qorréct‘ed; cps, from QUARTZ -
o . .
_ T .
Mark_- - ;‘ - . o Change Sign - -
1 : i | -1
STOP - Cg, . ‘Recall Dir oz ’
Store Dir 03 - .+
T : ) Recall Dir = 03
Recall Dir 00 y (D o ' )
X ' v o ' |

! | o

*



Program #665” (Cont'd)

" Store Dir.
Clear X

sTop

Store Dir
Recall ‘Dir-
x

k!

Change Sign
Recall Dir’
i

-

Recall Dir
T

Store Dir |
Recall Dir
+

Store Dir
Recall Dir

STOP '

Store Dir

0

(8]
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' APPENDIX X (CONT'D). .

.T_- “-. . o

Recall Dir 00

Change Sign

'T‘- R

[l

Recall Dir ‘0

END PROGRAM

Recall Dir 05
e .
.S5tore Dir _QE
Recall Dir E@‘
Rgcall Dix EE
STOP *

rr
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APPENDIX -~XII

. COMPUTER GRAPHS USING WANG 2200

10 REM ----- PLOTTER III, COMPUTER GRAPHS---= .

30 DIM C(50),D(50),X$20,Y520,T$32,4(28),X(28):L1(28),Y(28)
30 SELECT PRINT 005 - - |

40 PRINT HEX(03) S '

50 INPUT' “HAS THE PLOTTER BEEN HOMED",D$

60 IF D$="Y" THEN 80 -

70 STOP **HOME THE PLOTTER'*

80 SELECT PRINT 413 .

90 X,Y=200

100 REM —---- DRAW BORDER =--== .

110 PLOT 6!X,,D1,!(X/2),,D1,4!,Y,01,!,{Y/2),01 _
120 PLOT 1-(%/2)..D1,61% ¥,D1,!,=(Y/2),D1,41,-Y,01,1,,R1

S

130 SELECT PRINT 005

140 PRINT HEX(03) :

150 REM ---#& INPUT LABELS -~--~

160 INPUT “INPUT THE TITLE",TS

170 INPUT "X-AXIS LABEL",X$

180 INPUT "Y-AXIS LABEL",Y$

190 C=2 ‘ :

200 S=13*C .

210 X2=(6*X-LEN(X$)*42)/2

220 Y2=(4*Y-(LEN(Y$)*42))/2

230 SELECT PRINT 413

240 PLOT !C,,C1,!S,,S1 : C
250 PLOT !,-5%*S,U1,!X2,,U1 ‘
260 PRINT X$

270 PLOT !, ,R1 .

280 STOP *'CHANGE AXIS ORIENTATION'®

- 290 PLOT !C,,C1,1S,,S1

300 PLOT !'Y2,,U1,!,10*S,Ul

310 PRINT Y$

320 PLOT !,,R1 .

330 STOP *'CHANGE AXIS ORIENTATION TO NORMAL®*
340 REM ~===- INPUT DATA --—--

350 SELECT PRINT 005

360 PRINT HEX(03)

370 INPUT "INPUT THE NUMBER OF DATA POINTS®,A -
380 PRINT "INPUT THE DATA POINTS™

390 FOR G=1 TO A

400 INPUT C(G),D(G)

410 NEXT G
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APPEN'DI\ XII (CON'T D)

415 PRINT "----COMPUTER GRAPHS----*

420 INPUT "INPUT THE MAXIMUM LIMIT OF THE X-AXIS' E
430 INPUT “INPUT THE HAXIMUM LIMIT OF THE Y-AXIS",F
440 SELECT PRINT 005 '
© 450 PRINT HEX(03) ..

460 REM ---- SLOPE, INTERCEPT CORR, COEF ———
470 L,M,N,V,Q,R, U=0 ‘

480 FOR G~1 T0 A

490 L=L+C(G)

300 M=M+D(G)

' 510 NEXT G

520 N=L/A
530 V=M/A

540 FOR G=1 TO (A+4)

550 Q=Q+((c(G)- N)*(D(G) V)

560 R=R+((C(G)-N)x2 _ e
570 U=U+({(D(G)- V)sz) )
580 NEXT & : ~
590 J=(Q/R)+.00005 o

600 T1=(V-(J*N))+.00005 ‘

610 V1=(Q/SQR(R*U))+.000005 .

620 REM ~-----PLOT DIVISIONS ON AXIS —m=nn
630 IT1=(6*X/10)

640 12=(4*Y/10)

650 SELECT PRINT 413

660 FOR G=1 TO 10

670 PLOT '1,,c1 o,,51

630 PLOT 1I1,,U1,! , 3Pl

690 NEXT G A

700 PLOT !, ,R1

710 FOR G=1 TO 10

720 PLOT !,I2,U1,11,,CI, lo,,s1, s 1
730 NEXT G ,

740 PLOT !, ,R1

750 I1=(6*X/5)

760 I12=(4*Y/5) ‘
770 SELECT PRINT 413 '
780 REM —~ees NUMBER X~AXIS DIVISIONS ~==-=
790 PLOT !,-50,U1

800 FOR G=1 TO §

810 E]=G*((E/5))+0 005

820 I1=6*X/

830 PLOT '1,,C1 I13,,51



835
840

850
860
870
880
390
900
910
920
930
940
1950
960

-193- .,

APPENDIX XII (CONT'D) .

PRINT "----COMPUTER GRAPHS®
PLOT !I1,,U1,!-(4*S),,U1 : .
PRINTUSING 860,E] -

shidd. #H .

PLOT !- (4*5),,u1 .

NEXT G

PLOT I,,R1 :
REM —-=-- NUMBER Y-AXIS DIVISIONS -----
FOR G=1 TO 5

PLOT !-200,,U1,!-10, (4*Y/5),01

PLOT !T,,C1,!13,,51 |

F1=G*((£/5))+0.005 - . . ..
PRINTUSING 860,F1 |
PLOT !2,,U1 : - -

© 970 NEXT G

980
. 990
1000
1010
1020
1030
- 1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
1160
1170
1180
1190
1200
1210

1220
1230

PLOT !, ,R1 |
REM ===== PLOT POINTS -=-n-

SELECT PRINT 413
T,P,T2,P220
FOR G=1 TO A
T2=((C(G)*6*X)/E)/3
p2= ((D(G)*4*Y)/F)/3
T3=T2-T
P3=P2-P
T=T2
P=pP2 | :
PLOT 3!T3,P3,U1,!1,,C1,10,,51,1,,%X"1 -
NEXT G |
PLOT !,,R1 -
REM =-==- TITLE -----
PLOT 4!,Y,U1,!,210,U1,!-275,,U1
SELECT PRINT 413 .
PLOT !2,,C1,!26,,51
R={ (8*X)-LEN(T$)*50)/2
PLOT !R,,Ul
PRINT T$
SELECT PRINT 005
PRINTUSING 1210,J,T1,V1
% THE SLOPE IS ###4.####
THE INTERCEPT IS ##.3##4
_THE CORRELATION COEFFICIENT IS #.#####
STOP
END
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~ APPENDIX \III

2x35,D., REJECTION TEST USING WANG" ”200

20 SELECT PRINT 005 E -7

30 DIM B(60),R(20),X(60) : >

40 PRINT HEX(03) °

50 STOP. "INPUT A PRINT STATEMENT No. 220 WITH THE TITLE CENTERED

OVER 31 SPACES STARTING 35 SPACES FROM THE LEFT; RUN/CONTINUE™
60 IF THEN 100 ,

70 P EX(03) .

80 INPUT “IF ONLY THE RESULTS ARE REQUIRED AND' NOT THE TABLE, 1
NPUT *1'*,76 ‘
90 PRINT HEX(03) -
100 INPUT “INPUT. THE NUMBER OF VALUES® ,E
110 PRINT HEX(03)

120 PRINT “INPUT THE VALUES*

130 FOR G=1 TO E

140 INPUT B(G)

150 NEXT G

160 INPUT " INPUT THE INCORRECT VALUEY,I
170 IF I=0 THEN 200

180 GOSUB *1(I,E)

190 GOTO 160

200 SELECT PRINT 211 '

210 PRINT * . REJECTION TEST*

220 PRINT * - SPECTROPHOTOMETRIC*

230 PRINT v

240 IF Z6=1 THEN 350 :
250 PRINT *  =memem==—c=ecemcmecemmmm——eaaae .
260 PRINT * . . PERCENT* |
270 PRINT " OX IDE"

280 PRINT * . =e=—e-m -t

290 FOR G=1 TO E

300 PRINTUSING 310,B(G)

310 % S P Y
320 NEXT G , |
330 PRINT *  =mme==———m—em- - —
340 T9=0 -

350 S=1

360 J=0

370 K=0

380 Y=0

390 FOR G=1 TO E .

400 IF B(G)=9999 THEN 450

410 Y=Y+

420 X(Y)=B(G)

. 430 J=d+X(Y) -

440 K=K+(X(Y)%2)

450° NEXT G

460 M1=J/Y




470
480
430 Z
500

- 510

© 520
530
540
550
560
570
580

590 T
600

610
620
630
640
650
660
670
680
650
700
710
720
730
740
750
751
752
760
770
780
790

820
830
840
850
860
870
880
830
900
910
920
930
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APPENDIX XIII (CONT'D)

S1= SQRE(KJY} (M132))
Z3=M1+(2*S1)
Z4=M1-(2*S1)

FOR G=1 TO E |
IF BEG =9999 THEN 580
IF 8(G)1Z3 THEN 550 -
IF B{G)!Z4 THEN 550
GOTO 580 -

'R(S)=B(G)

B(G)=9999
S§=S5+]
NEXT G
9=T9+] ,
IF S=1 THEN 630
IF T9=2 THEN 630
GOTO 360
P7=0 '
SELECT PRINT 211 .
PRINT " ‘ REJECTED VALUE{S)"
FOR S=1 TO 15 :
IF R(S)=0 THEN 710
P7=1 \
PRINTUSING 310,R(S) ¥
NEXT S - .
IF P7=1 THEN 730.
PRINT * NONE- OF THE VALUES ARE REJECTED'
PRINT HEX(OA)
V7=5132 “-N“\\\~‘
M1=M1+,005
V7=¥7+,00005 )
S1=51+,00005
PRINTUSING 770,E

% THE TOTAL No. OF VALUES IS ####
PRINTUSING 790,M1,V7,S1

% THE MEAN IS ###.##

THE VARIANCE IS ####.444#
THE STANDARD DEVIATION IS ##.####

GOTO 920 '

DEFFN '1(H,E4)

PRINT "INCORRECT VALUE IS",H
INPUT “CORRECT VALUE IS",Hl
FOR G=1 TO E4

IF B(G)=H THEN 500

NEXT G

GOTO 910

B{G)=H1

RETURN

STOP

END
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‘ ' APPENDIX XIV :
'I‘UI‘AL POPUIATION REJECTION TEST USING WANG 2200

20 SELECT PRINT 005 . L

30 DIM B(60),R(20),X(60) - - . L N

. 40 PRINT HEX(03)
msmeWMApmmsmmmmuo2wunumsnneummm

- OVER 31 SPACES STARTING 5 SPACES FROM THE LEFT; RUN/CONTIMIE® -

60 IF Z6=1 THEN 100

70 PRINT HEX(03) .

80 INPUT "IF ONLY THE RESULTS ARE REQUIRED AND NOT THE TABLE, 1

- NPUT *1'%,76 |

90° PRINT HEX(03) _

100 INPUT *INPUT THE NUMBER OF VALUES®,E

110 PRINT HEX(03)

120 PRINT *INPUT THE VALUES"

"130 FOR G=1 TO E .

140 INPUT B(G) .

150 NEXT G

160 INPUT * INPUT THE INCORRECT VALUE®,I

170.1F I1=0 THEN 200

180 GOSUB '1(I,E) - . | -

190 GOTO 160

200 IF Z6=1 THEN 340 ,

210 SELECT PRINT 211 ~

220 PRINT * REJECTION TEST*

- 230 PRINT * IRON BY TITRATION'
240 PRINT '
250 PRINT " -  ccaea ;----------_---______---,_u
260 PRINT * PERCENT"
270 RINT * OXIDE"
280 PRINT ™ BV SUU

. 290°FOR G=1 TO E

300 PRINTUSING 310,B(G) )

310 e 58 #F

320 NEXT G

330 PRINT " e e e e

340 S=0

350 J=0

360 K=0

370 Y=0

380 IR G=1 TO E

390 .IF B(G)=9999 THEN 440

400 Y=Y+]

. 410 X(Y)=8(G)

420 J=J+X{Y)

430 K=K+(X(Y)%s2) , ‘
440 NEXT G _

450 M1=4/Y - -
460 S1=SQR((K/Y) (M1%2))

470 Q1=Y-0.

- 480 T4=1, 96- 00554568/SQR(QI)+2.4059333/Q]+.671777/(Ql¥2)-.38312
14/(01%3)

490 Q6=0

500 FOR G=1 TO E

510 IF B(G)=9999 THEN 590

520 IF B(G)!M1 THEN 550
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APPENDIX XIV(CONT'D)

530 Q5=B(6)-M1 - . . .
540 GOTO 560 o |
550 Q5=M1-B(G) .

560 IF Q5!Q6 THEN 590

570 Q6=05 - -

' 580 T9=6

590 NEXT G - .

600 N=0

610 FOR 6=1 TO E -

. 620 IF B{G)!1B(T9) THEN 640

630 N=N+1 _ i

640 NEXT 6 -
650 PaM1-B(T9)

- ) -~

" 60 IF P10 THEN 680

670 P=P*(-1)
680 T1={P*SQR(N))/S1
690 IF T11T4 THEN 710
700 GOTO 760
710 $=5+1 .
720 R(S)=B(T19)
730 B{T9)=9999 o
740 Y=0 . : .
750 GOTO 350 .
760 P7=0. . . .
770 SELECT PRINT 211 . -
780 PRINT * . REJECTED VALUE(S)* =
790 FOR $=1 TO 15 - _
800 IF R(S)=0 THEN 840 )
810 P7=1 . | -
820 PRINTUSING 310,R(S) -
830.NEXT S T _
840 IF P7=1 THEN 860 . SR
850 PRINT * NONE OF THE VALUES ARE REJECTED"
860 PRINT HEX{OAQA)
870 V7=S1x2
880 PRINTUSING 890,E .
890 % THE TOTAL No. OF VALUES IS ####
300 PRINTUSING 920,M1,V7,S1 '
910 M6=100*S1/M1+.005
920 y4 THE MEAN 1S ###.#¢
. THE VARIANCE IS ###f.###4

THE STANDARD DEVIATION IS ##.##
930 PRINTUSING 940,M6 : :
940 s THE RELATIVE STANDARD DEVIATION 1S #4.#4
950 GOTO 1050
960 DEFFN *1(H,E4)
970 PRINT “INCORRECT VALUE IS*,H
980 INPUT “CORRECT VALUE IS*,H1
990 FOR G=1 TO E4
1000 IF B(G)=H THEN 1030
1010 NEXT G .
1020 GOTC 1040
1030 B(G)=H1
1040 RETURN
1050 STOP
1060 END
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APPENDI X Xv

STATISTICAL COMPARIS ON BY F-test AND T-test
US ING THE WANG 2200 COMPUTER"

| 10 REM === F-TEST AND T- TEST---—TALERICO**

. 20 SELECT PRINT 005 . >
30 PRINT HEX{03) =

30 STOP "INPUT-A PRINT STATEMENT Ho. 330 WITH-THE TITLE CENTERED
OVER 42 SPACES; RUN/CONTINUE"

50 UIM A(20),8(20) H(IO} €(10),0(10),K(10),1(10),K(10) ,X(10),2(1
0),T(10) ,R(10),5(10),0(20),6(20),X1(10),X2(10) . :
60 PRINT HEX(03)

79 INPUT “INPUT THE TOTAL NUMSER OF READINGS FOR COLUMN ONE™,Q
80 PRINT HEX{03)

3 PRINT “INPUT THE OF READINGS IN COLUMN ONE“

100 FOR Xi=1 70 Q

110 INPUT A(X1)

120- NEXT X1

130 PRINT HEX(3)

140 RMPUT "INPUT THE TOTAL NUMBER OF, R;ADINGS FOR COLUMN TWO*,G

150 PRINI-EX(03) " . b
150 PRINT “INPUT THE OF READIYGS i coLums mio"

170 FOR X1=1 T0 & - e .

130 INPUT B(X1) ' 4 _ -

193 NEXT X1 SR -

200 PRINT HEX(03)
210 INPUT "THE LARGEST STANDARD DEVIATION IS",R

220 PRINT HEX(23)
230 IWPUT “THE' SMALLER STANDARD DEVIATION IS",S

240 PRINT rEX (08 | _
250 E=(R2) L
260 F=({Si2) :

270 W=E/F

280 INPUT "THE {UMBER OF READINGS FOR COLUMN ONE",N

290 PRINT HEX(J3)

300 INPUT “THE NUMBER OF READINGS FOR COLUMN TWO",0

310 PRINT HEX(03)

320 SELECT PRINT 217 .

343 PRINT " MAGNES IUM®

350 PRINT : ~ ' |

360 PRINT "ecmemmmmmgecomcm e s o e oo e oo mom s mm v
370 PRINT * - ™

380 PRINT M—pocmmmmmmmmmcmomcm oo e "
390 PRINT !/ PERCENT PERCENT"

400 PRINT " OXIDE : OXIDE"

410 PRINT "eemmmmmmmmmemmmmmm oo o c e e m e e "
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APPENDIX XV (CONT'_D)

- 411 FOR X1=1 10 Q ) g ,

1320 PRIATUSING 430,A(XT),8(X1) -~ - .
830 .. % #H.EE SRR L #E R
440 NEXT X1 - | R
460 PRINT "=-Zeemcommmmmdommsiamonmseooooeemmnomeee s
479 PRINT _— . .,
430 PRINFFEX(03) | A -
LE PRINTUSING 500,4,8,0 | N -
500~ “uF-calc.= ##.#F WITH ## AND #F QEGREES OF" FREEDOM -

510 INPUT "F-table=",T .
520 PRINTUSING 530,T,i,0
530 IF-tables F4.34 WITH ## AND #7 DEGREES OF FREEDOM
340 IF WIT THEN 570
550-PRIAT "THE DIFFERENCE SETWEEN THE VARIANCES
IS SIGHIFICANT AT THE 53 LEVEL"

560 W 597
570 PRINT.XTHE DIFFERENCE SETWEEN TH VARIANCES

© . IS 40T SIGNIFICAWT AT Tdz 5% LEVEL"
550 1F WIT THEN 550
+530 PRINT
600 -PRIAT HEX(03)
610 C=(E32)/(N-1)
620 0=(Fs2)/(0-1)
. 630 H=C+D
640 I=(E+F )52~
650 K=I/ii
560 INPUT “MEAN-1T,0 .~
670 INPUT “MEAN- a“\g
630 L=ABS(J-P)
690 Z=SQR(E+F)
700 Ti=L/1Z
710 PRINT HEX(OA)
720 PRINTUSING 730,T1,K
730 4T-calc =.#.## WITH ### DEGREES OF FREEDOM
740 14PUT "T-table =",T2
1750 PRINTUSING 760,72,K : .
/o0 *T-table= #.### FOR ### DEGREES OF FREEDOM
770 IF T11T2 THEN 800
780 PRINT "THE OIFFEREACE SETWEEN THE MEAUS

IS NOT SIGNIFICANT AT THE 5% LEVEL"

793 GOTO 810
300 PRINT “TAE DIFFERENCE BETWEEN THE MEANS
' IS SIGNIFICANT AT THE 5% LEVEL"
310 STOP
820 END
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