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SUMMAR Ytt 
--..-.~ . ..,.......,.--.. ~ 

Methods are descri.bed for the 

determ.lnati..on of P, As~ Sb.9 Ba, Bt, B, Ca~ Cr$ 

CoJ. Cu$ Fe, Pb~ Mg, Mn, Nl, Sr,. Zn, VI, Be.9 Mo,~~ 

Ge, Nb:> Ta$ v, Ttf and Zr tn ores and assoclated 

m.etallurgtcal produc:tse H'Lxtures of' 'l'e, Cd$ 
' . 

Au a.nd Pt ln graphtte were used as combtned 

buffer ·~ tnternal standard dtl.uents. 

Vlt.th two excepttons .• namo'Ly Ba and As 

( tn st l i.ceou.s mz. te rta 1.. s) the accuracy and standard 

dsv'Lattons of tha methods were wtthtn t 15% .. 



1 

The work uescrtbed in this thesis was 

carrled out at the Johannesburg laboratori.es of 

Goldfi...:;lds of S A Ltd .. i and of the Government 

Metallurgical Laboratoryo 

In both these labom tortes saT!\) les were 

received of ores~ both before and after metallurgicaL 

concentration techniques. In some cases a 

mlneraloglcal analysts was also undertaken Ln the 

mi..neralogtcal sectton, but frequently thi.s was not 
' 

required The sam})les v:ere generally submitted for 

analysts for the more economically important 

elements~ and for any other elements that mtg·ht 

affect the cost of thet:c recovery" In many cases 

tJ.--..e S':~_mple \·!as at le;;.st -150 mesh on arrtvali and 

y,ras submi.tted under a sample number~ wtth no 

information given as to its historyo 

Under these circumstances~ the main 

object of the work was to obtatn general methods 

of spectroscopt.c analysts, using as few Lntemal 

standards as possible that coul.d be appl'Led to 

the wtde varlety of sample mat:-i.ces fourtd · tn 

the ores submi..tted for analysts. It was also 

des\.rable th2,t the methods should be applicable 

to·as many elements as poss'Lble, whether of 

economlc value or noto 



2 .. 

Wtth no knowLedge of the sampLe history lt was 

frequentLy necessary to do a preLiminary anaLysis 

of a composite sample from a batch, to detennt.ne 
' . 

the approximate concentrations of the major 

elements, ln order to make up a representatlve 

matrix for the standards. These standards were 

always prepared, artificlally, from spectrographtcally 

pure subst8nceso Internal standard mixtures were 

prepared i..n quantity in spectrographically pure 

graphlte~ and mtxed in the correct prcportlonsg 

wlth sampLes submitted for anaLysis. 

As the methods were intended to be quantt­

tative as opposed to. semt·~quantLtative~ the methods 
1 2 3 

of Harvey , Hitchell and Von. Tongeren j} were not 
4 

considered... In 1955, Jaycox introduced a general 

JTLethod of anaLysis, ustng one part of sample mlxed 

· wi.. th one part of german tum di..oxlde, and dLLutlng 

one part of thts mlxture wlth ntneteen parts of 

cuprtc oxide 8.nd twenty parts of graphl te.. He 

obtained results for AL, cr, Fe, Mn, Ni, Pb, Sl, 

and sn, using weak copper Lines for comparison. 

White of vaLue for many elements of intermediate 

volatility, this method has the disadvantage that 

it cannot oe used for the s''i.mul.taneous determi..natton 

of copper and other eLementso In the mi..ning industry 

copper i..s always of interest, and, ln fact was 

req_uested tn over seventy per cent of the samples 

submltted for analysts. 

/In., ... 
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5 
In 1955 Dennen and Fowler publtshed a 

method ustng alumtna as a va:t:'i.able i..n ternal standard. 

They found the rat los of the concentr·a t tons of the 

normal matrtx elements as oxi..des, to that of alu.mtntum, 

and, hence the percentage of the total sample that was 

there as·sto2 $ Tto2 , Al203 , total tron (as Fe203)~ 

MgO, MnO, CaO, Na20 and K20.. Thi.s methoct, whlle 

useful for a preLtmlnary dete:rmtnatton of the composlt.ton· 

of the matr.tx woUld not appear to be appllcable to 

santples of hi.gh haL i.de or carbonate concentratton, 

or f<?r mtnor const t tuents, wtthout stmuL taneous 

chemtcal detet'mi.nat tons. 

6 
In 1957 Frlsque publi.shed a method for the 

spectrographtc determtnatton of Al, Bas B, Ca, Cr, Co, 

Fe, Pb, Lt, Mg, Mn, Mo, Nl, F, Si, Na, Sn, Tt~ V and 

Zn.. He mixed 30 mg of sampte with 400 mg of a 1 : 3 

GeO 2 -· Graphtte dtluent, and the anaLysts lines were 

compared wi..th Ge 2829.. Thi.s method would appear to 

be very useful,~~ est:ect.ally tn cases where the hi..gh. 

dllutlon, and consequent loss of sensltlvlty, ts not 

of tmportance .. 

7 
Blbex· and Levy mlxed the sample wt th an 

equal quantity of a grapnlte ~ Geo,.., mixture containing 
·&.: 

t% of Ge02" Small amounts of cample were arced tn 

electrodes wtth narrow craters, tn order to reduce 

the matri..x effects, and germantu.m was used as i..nternal 

standard. 

8J!.9, iO 
Addt.nk lndtvtde.ally, and with co-

11,12 
vrorkers determlneci up to 38 elements 9 i..n a vartety 

of matertals tistng untapered~ ~arge diameter eLe,~t!.""cdes 

to mi.n tmtze the v~ri.a·i: ton· of temperature wi. thi..n the arc. 

/Ftve, .. ., 
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Ftve or ten mg of sample was packed into a shallow 

cavity in the a~node, and arced at 10 amp. 

13 
Hawley and MacDonaLd, described a method 

in whtch a Stallwood jet ts used, the removaL of the 

outer Layer of the arc by the airstream faciLitating 

the use of ground state Lines that would normally 

14 
Hi..rst and NicholLs describe a method fol' 

the determination of Pb, Ga, In, Ge, Cu, Bl, Sn, Cds 

and Zn i..n U.mestones, by concentrating with acetic 

acid, and using thaLLium as an internaL standard~ 

Using this same procedure, and Pd as internal standard, 

they also obtained good results for Ni, Co 9 V, Cr~ Mo, 

Ags and Be. 

15,16 
Ahrens desc;clbes me.thods for the 

anaLysts of si..Ltcate minerals, rocl<:s 5 soils, and 

me·~eorl tes.. SeveraL tnte:~."'''l.al standards are used, 

according to the particular' group of elements required, 

eog .. Na forK, Lt., Rb and Cs~ However, lndium and 

paLladium are the tvro maln standards when the elerrent s 

are· consi..dered as a whole, and not ln groups. Indium 

is used for the more volatile elements~ and palladium 

for the lnvolatiteso Thts method has been used for 

oveJ.~ thirty five elementso 

/Lingard ..... 
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1.7 
Lingard gtves a method foJ."' the spectro,-

chemical determtnatton of common elements tn rocks 

and mtneratse To a hQndred milligrams of sample 

he adds ni..ne hundred mtlltgrams of ntckel oxtde 

an<l th:o:-ee grams of graphtteo Arctng at t2 amps 

·de~Co for 30 seconds, he detei~lnes the fotlowtng 

eLements in the );:e rcentage ranges given tn brackets 

At (5-50), Ca(10-50), Fe (1~10), Mg (1-15), M!1 (1-15) 

St (5-80) and. Tt (0.1-3). 

18 
Nomokonova (1960) gtves a method for 

the determination of Sn, Lt, In, Be, Nb, Ta, Zr~ Tt., 

Rb 1 Ga, Ge 9 Sc, La and Y in ores. In the same 
19 

journal Vi.tushktna and Ginzburg give a method 

for Cu, Nt, Co, Mn, Cr, Tt~ V, Ag, Ga, Ge, In, Cos­

Zn, l'1o$ and Pb, using ·wtne glass shaped elactrodes~ 

The sample s were mlxed with a buffer of 50% graph'L te 

and 50% tron powder$ and arced at four runps or 

eight amps, accordi.ng to the elements to be determined .. 

~~ error of 15 - 3$% is claimeds according to the 

element belng investigated. Unfortunately, it ts 

dlfftcult to obtain Engllsh translations of thls 

journaLs Spektr. AnaLiz. v. Tsvetnoi Met .. , Sbornlk 

1960, but these articles would appear to be of great 

tntere8t .. 

20 
Neuberger, Schoffmann$ and Herkenhoff 

gbre a method for the determtnati..on of Fe, Mn, Si, 

P, Ca, Mg, AL, Cu, Cr and Pb tn ores, by first fuslng 

/witho o• 



with borax, and then using photometric, and fLame 

photometric methods, but the time taken for analysts 

for all the elements mentioned would appear to be 

longer than when using stra Lght spa ctrographtc 

techntqueso 

As the method decided upon was to be used 

by several people, with various degrees of traintng, · 

any chemtcal pre-treatment was considered Ul.1desirableo 

stmtlarLy tt was felt that as few tnt~rnal s·tandard 

mlxtures as possible should be used, consi~tent with 

the determination of those elements most conunonl.y 

requtred., 

e 1.ern.en t 

In the method described ln thi..s work the 

considered were P, As~ Sb, Ba, Bt, B, Ca, 

Cr, Co, Cu, Fe, Pb, Mg, Mn, NL, Sr, Sn, Zn~ W, Be, 

Ho, Ge, l\!b, Ta, V, Tl, and Zr. The aLkali.. metals 

were not tncluded, as tt was felt that 9 i.n generaL, 

they· could b~ detenntned easi.Ly by flame photometric 

methods whtc:h had gtven sati..sfacti.on Ln. the laboratory 

for a con.stderable perlodo The internal standards 

used were tel Luri.um, cadmtum, gotd, and plat tnum .. 

/Method.,." 



Arsentc, anti..mony and phosphorus are 

extremeLy voLatiLe eLements, and were treated as a 

separate group, exposures betng taken in the wavelength 
0 

range 2340 - 3150 A. The spectrograph used throughout 

thts in\'BSti..gation was a large Hilger Llttrow type 

wi..th quartz optics. AnaLysts and standard llnes were 

chosen, whenever possible, so as to· Lle between 
0 

2480 and 3600 A 9 so that one arctng would suffice for 

the medtum to voLatiLe elements, and one for the 

tnvoLatile elementso This was not possible for arsenic, 

for reasons gtven below, so a further subdivision ·,roras 

made of the Lower region voLatiles, arsenlc, antimony, 

and phosphorus. 

Fo1" de·telopment work.9 an "average" matrix 

was used consi..sti..ng u.f appr·oxi..mately 50% Si..O , 20% 
2 

CaCO , 1o% Fe 0 and 205Z AL 0 " An internaL standard 
3 2 3 2 3 

was chosen for the elements und.er consi..deratton,. 

par~tcular attentton betng paid to the following factcrs:­

(a) Volattli.ty, - other factorc bei..ng equalt the 

tnternal standard was ch::>sen so as to have approximately 

the same·volati..Li.ty as that of the element sought~ 

(b) Mutual occurrence, - an element was not choser" as 

lnte:rnal standard lf l t was. L lke l y to occur naturaLLy 

wlth the analysts eLementu 

(c) Detectable occurrence, - whenever possible an 

element -v·ms not chosen as i.ntern.al standard tf lt was 

ltkely to be detectable i.n any sample received i..n the 

. l..aborato:ry, so as to ensure the maxtmum appLi..cablLi.ty 

of the method. 
/The procedure . ., " .. 
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The procedure adopted tn developing methods 

was as follows.. Standards of the elements were made 

tn the 11 average~r matrlx glven above. Once a method 

was found to give a straight line concentration curve 

using thts matrtx, anaLysed samples of soils and ores 

were arced, and an approxtmate evaluation made of 

the'Lr matrtces.. If these dLffered greatly f:com the 

tra.verage 11 matrtx, standards were then made tn 

artiftcial matrices corresponding as closely as 

possible to those determi.re d, and the ~nethod deveLoped 

was used. If the caLibratlon curve obtatned with 

these new standards differed slgnificantly from that 

obtalned with the "average" matrix, or, if the results 

obtained on the analysed samples differed stgniftcantLy 

from the chemical figures, then an lnvestigatton 

was undertaken to find the cause, e. g. smalL quant it i.e s 

of atkal.i. metaLs tn the natural matrix might affect 

the rate of volatiU.sation of the eLement to be 

detenn'Lned.. Once the cause had baen ascertai.ned, and 

the dtffi.culties overcome by changing the conditions, 

the method. vvas used on F~ L l samp tes submit ted for 

anaLysis for the eLement concerned. 

As stated above, analysis Lines were usuaLLy 

chosen wtth wavelengths above 2480A, but tn the case 

of 'arsenlcs As 2349 was the most sensitive ltne 

avallable wtthout using spe,:taLLy sensittsed plates, 

and as arsent.c was considered to be of tmportance 

when prese·nt as a minor consti..tuent, it was dectded 

to use thts Ltne. 

/Yu Yokoyama ... o 
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2.1 
Y'u Yokoyama compared As 2349 and s' 2598 wtth 

Cd 3261:; us'i.ng calcium nttrate as a buffer. He 
""' 

obtained good reproductbiltty (a coeff'lci..ent of 

va!'iatton of approximately 10%)~ although the cadmium 

Lt.ne appears to be somewhat di..stant from the two 

analysts lines, and, in fact, could not be used on 

the large hilger, as i..ts range does not extend from 

234.9 - 3261 A on a single arctng. 

As a special range was necessary for arsenlc, 

lt was decided to include antimony in this method 

for the following reasons:-

(a) if the method was suitable for arse~ic$ it was 

Likely to be suitable for antimony, because of thetr 

similarity in the arc, 

(b) as arsenic and antimony usual.ly occur together, 

there was a s·i:r.ong possiblll ty that tf the concentrat ton 

of arsenic was required, that of antimony would 

also be of interest. If an~:imony had been classed 

with the uppel"' regi.on \'olattles, two exposures 

would have been necessary, with different ranges, to 

determine both elements. 

Phosphorus was included tn this method 

because of tts volattllty, and the proxlmtty 

of 'Lts Llne to that of the lnternal standard. 

/Chotce .. " .. 
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2. 2 Cholce of lnternal. Standax::_<;l .. 

Tel.l.urlum \~as chosen as lnternC~.l standard 

as lt seemed sultable, betng rare, and therefore not 

l.table to occur tn any samples recelved for analysts9 

and also because tts volatlltty was stmtlar to 

the volat t l t fLes ,of the elements under constdera t ton, 

and tt had U.nes of sultable wavelength for compart.son. 

A 0 .. 1 per cent mlxture of tellurtum (uslng Spec. 

pure TeO ) was made tn S.P .. 2 graphlte, and samples 
2. 

and standards were mtxed wtth thls, lr' the ratlo· 

of one part of sample to ntne parts of lnternal 

standard mlxture. A Wlg-L-Bug.converted dental. 

amalgamator was used for all smalL bull< mlxlngll and 

an agate pestLe and mortar were used for mtxlng 

large que:nttt\.es of matrices of lnternal standard 

mlxtures. 

Table 1~ 
~'11 ..... -~ 

Data on the lower regt.on voLatlles. 

2349.84 250 

250 

6 .. 6 

5 .. 3 

Detall.s of the elements and llnes consldered 

are glven ln Table 1. P25S4. 93 ls weaker than P2535. 65 

(100) and P2553~28 (80)x but was chosen for the reasons 

gtven ln 2a7. 
/Throughout .. o ~ 
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Throughout this thesls, the lines and 

lntensitles quoted are taken from the M.I.T. 

wavetength tables9 

The caLcuLated amounts of KH2P04, As~o3 , 

and Sb2.o4 were added to the "average" matrix, to 

glve a mixture equivalent to 10% P, As~ and Sb~ 

Thls was dll.uted one part to nlne wlth the i.nternal 

standard mlxture, and an exposure was taken ustng 

the followLng procedure~ 

(a) the electrode, descrlbed below, was filled 

with the mixture 

(b) sli.t length; lmm. 

(c) with a current of flve am~s an exposure 

was taken for flve seconds, then, without 

closlng the shutter, the current v~as lncreased 

to fi.fteen amps, and the plate holder racl<:ed 

dov.,rn 2m..rn each second for thirty seconds. 

An examlnatlon of the plate showed that, at 

flfteen amps, aLL the elements of interest had 

volatlllsed completely after ten seconds. The condltlons 

of arci.ng were therefore chosen as foLLows;-

Spectrograph: 

PLates 

Developer 

Electrodes 

Large HLlger, quartz optLcs 

Ilford thin film half ton 

D19b for 5 minutes 

Unlted Carbon lOlL, 

Natlonal Carbon 14036 

/Slit •• o 
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Sli.t 0 nomtnally 20 microns, length 8mm. • 

Exposur'e • 5 seconds at 5 amps, then 10 seconds • 
y1ifii.V>.( ~ 

at 15 amps, wi.thtl step sector. O'Y 

Opttcs • Lens F1025 (Hi.lger) 2cm from sltt • 

Di.aphragm 1 cmxicm 36cm from sli.t 

Lens F958 (Hilger) 54cm from slit 

Source 63cm from sltt 

The lens F958 was protected from 

pttting by replaceable quartz slidese 

2.4 Calcula.tionso _, _____ -
Plate readings were taken on a JarreLL Ash 

comp~rator-mtcrophotometer, and the caLcuLations 

were performed on· the Respectra cal.cula.ting boardo 

A step sector was used throughout the tnvestigation, 

a.11.d, on exami..ning the standard spectrograms, it was 

decided whi.ch step of the analysts li.ne to comp3.re 

wLth the standard line, ~.go i..f the analysts line 

were weak and the standard li..ne strong, it mlght 

be decided to compare the first_step of the analysis 

li..ne wi.th the thi..rd step of the standard line. 

Thi.s was to faci..litate the comparison of several 

anatysi..s li.nes, of sometime vastly di.ff'erent strengths, 

wtth the same standard lLne, usi..ng the same scale 

for the log tntensity rati.os on the graph paper. 

The graphs plotted wer~ ?f _p~_rc~z:ttage element versus 

log intensity ratio. The sltt of the spectrograph 

was usually i'l.-tasked wlth black fllm, so that only 

the steps of i..nterest were exposed .. 

? 

/Arsentc. ~. 
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Arsenic determtnatton ts of interest to 

the gold mining industry, as complications are 

caused tn·the cyanide process by lts presence .. 

Samples were therefore received from many different 

types of deposits. Those from the Witwa~ersrand 

usually consisted of highly slllceous material, 

whereas some samples from Rhodesia, ~nd South West 

Africa were predominantly calctferous. As the 

presence of arsenic, or antimony) in Large quantities, 

frequently makes lt necessary to roast the ores 

before using the cyantde process, the determination 

of the Sb - As content ts routine tn mine cost . 
evaluation. 

The spectrochemicaL determination of 

arsenic has been investigated by severaL workers. 
22 

Gold~chmidt and Peters determined its concentrattcn 

ln tron ores, using As 2780 and As 2860 as analysts 

Llnes. As 1890 is the most sensitive ltne, but has 

too short a wavelength to be usefuL with a 
.. 

photographtc instrument on a rcuttne basts. Thts 

Line would, however, probably be very useful for 

vacuum cqectrographs and photo-electric measuring 

techntques. 

/The detectton .... 

----·--- -------
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The detectton Llmit for arsentc ls normaLly 

of the order of 100 p"p m.~ as tn the method des-
23 

crtbed here 9 aLthough HaLL and LoveLL deter-

mtned approxtmately 20 p.p.m, 1 in anthractte coal 

ash , uslng 1 boller' electrodes. Sb2614.30 was 

used as LnternaL st3;ndard l i..ne, and, as Sb and As 

are very simllar chemically~ due to their externaL 

eLectronic confLguratLon, Lt Ls probabLe that 

thelr chemLcaL behaviour Ln the ~rc wouLd be very 

slmllar. They aLso have very slmlLar botLtng 

potnts 5 and shouLd therefore be good lnternaL 

standards for each other, However the use of 

antlmony as an lnternaL standard was impracticabLe 

Ln the present investlgation, as, in nearLy evel'Y 

sample submitted for arsenic determinatlo:.L, 

antimony was not only present, but aLso requlred. 
I 

TeLLurlw-n, however, suffered from no such d'Lsad-

vantage , and equaL step sector steps of As2349 

and Te2386 were compared" 

J\To background co;~rectlons were made~ 

'd hen h 'Lgh L y s L L Lceous rna te rla L s were anaLysed 

Lnterference from a component of a SLO band was 

apparent. Such Lnterf3rence was corrected by 

measurlng another L'Lne in the siLLca band of known 

i~tenslty ratio to that Lnterferlng with the ars~nlc 

l.i~ne. A correctton could then be made on the 

caLcul.atlng board" 

/The dlfflcul.ty •• c 
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The difficulty in ustng thls method was the 

tdentlflcatton of one spectftc component of the 

band for use· as reference. Thts was solved by 

ustng the tlne tnterfertng with Au 2349.84~ Gold 

was unU .. kely to occur tn detectabLe concentrattons, 

and tts presence could be checked by reference to 

Au 2675.95~ The Ltne couLd easlLy be found by 

comparison wtth a gold - arsentc - tellurium 

standard plate.. It was found that, tn the absence 

of gold and arsenlc, the ratto of the two ltnes_l~ 

the band ts gtven by 

Log Int~:£lSl ~X St.Q24}8 ::: -Q., 28 .. 
Intensrty Sto2350 

Thts compensation technique ts very stmtlar 
24 

to that employed by Ahrens ~ for obvtattng the 

effect of sto 2497~73 on B 2497.73. In thts 

case the correctton was made by ustng St02497.56~ 

a component next to S\.0.2497.73 and of the same 

tntenslty .. 

The· curve for Aff/a v. log Irte_!Ls}.tY ¥f·3_49 
Intens1... ty ei386 

ts gtven on page 16e I.t wtll be seen that there 

ts self abscrptLon for arsenLc vaLU:es t:ru e:;cce£s of 

approximately two per cen~, and that the background 

becomes slgntftcant for values below 0" 1% As. 

The dotted ltne gtves the curve when background 

corrections have been applted at the 0.1 and 0.03% 

levels. 

) ? 
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Figure 1 
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A compartson of the spectrographic and 

chemicaL results for arsentc are gtven tn Table 4 

on page 118. Unfortunately the chemtcal resuLts 

c~ul.d not be regarded as hlghly accurate, as the 

samples were not chemtcaL standards. Assumlng, 

however, the chemtcal resuLts to be correct, an 

accuracy· of 7: 14% was obtatned for the sampLes that 

needed no si..Ltca band corrections and 2$% for the 

others. Throughout this work the accuractes and 

the coefflctents of varlation were daLcuLated as 

gtven tn Appendlx 1. 

For the purpose of preparlng a working 

curve, each standard was arced tn triplicate, whe~eas 

in the actuaL determtnatto:n.s unknowns were arced tn 

dupllca:tee Although only twent;y checked samples were 

ana~.,ysed, the method was used on a further thirty 

three unchecked samples, and tt was found that for 

non-si..Llceous base materlals the coefflclent of 

varlatlon was 11%, whereas, in the case of highly 

si..tlceous ores, thi..s i..ncreased to 19%, probabLy due 

to the error i.n correcting for sto band i..nterference,. 

Very few chemtcal.ly anaLysed samples were 

avatlabLe for checki..ng the anttmony method, and those 

that were came from two sources, an i..ron - manganese 

ore· deposi. t, and a Rhodes tan goLd mlne~ The only 

checked samples that were avatlable from the latter 

deposi..t were metallurglcal concentrates. The nature 

of these samples.made i..t seem preferable to use Sb2878 

as the analysts Llne, i..nstead of the more commonly 

employed Sb 2528.535 and Sb 2598~062 for the folLowi..ng 

rea.sons .. 
/Si..Llca .. -* 



SiU .. ca was always present in the samples, and St. 2528.56 7 
was very strong, so that Sb 2588o535 could not be 

resolved. Sb 2598o062 would probably be very useful 

f6r. many ores, but Fe 2598.028 (listed intensity of 

only 4) was found to interfere in iron - manganese ore .. 

A detection limit of approximately 20 p.p.mo 
25 

is quoted by Ahrens , whereas in the present method 

the limit found was 600- 700 pep.m •• This low degree 

of sensitivity ts partly due to the use of a relatively 

i.nsensttive antimony li..ne, and partly to the nine fold 

dilution with graphite" However, in ~he ore dressing 

questions involved, antimony was only of importance 

when present in quantities in excess of 0.1 per cent, 

so that higher sensitivity than that given by the 

present method was not required. 

Many authors have given methods for antimony, 
26 

one of the most interesting being that of Vesel.ovsktt 

who employed vacuum sublimation ln a hard glass tube 
-4 -5 

at pressures of approximately 10 w~ 10 mm Hg, and 
0 

temperatures of up to 880 Co The sublimate was then 

analysed~ However, thts method was not necessary in 

the present case, as the sensittvtty obtainable by 

direct excitation of the sample powder was more than 

was requtrede It must also be born tn mi..nd that the 

object tn vi..ew was to develop methods that could be 

used as a matter of routine, by several people, some 

havt.ng little or no previous training, .on SC!J1lples whose 

htstory was frequently unkno,vn. 

/Although ... " 
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Although tt seems probable that arsenlc ts 

one of the best lnternal standards for ant'Lmor.y~ it was 

'Lmp:t·actlcal to use tt - as anttmony was for arsenLc­

because arsenlc ls so frequently present wlth antlmonyll 

and often requlred ln the same analysls9 

A sultable step·-sector step of Sb 2878 was 

compared wlth a hlgher step of tellurlum, e.g. thlrd 

step of antimony to second step of tellurtum. The 

antlmony worklng curve ls glven ln Flgure 2 on page 20, 

and the sample results ln Table 5 1 page 119" The samples 

we"t'e arced ln dupLlcate, and the worklng curve was 

obtained from tr'Lpllcate detennlnatlons. As stated 

above, few analysed sampl.e;s were avallable for antlmony$ 

but, on the basls of the ten examined, an accuracy of 

± 13% was obtalned. The method was used on approx~mately 

thirty saP1pl.es, in duplicate, and the coefflcmt of 

variation was 10%~ 

In all cases the accuracle.s of the methods 

were calculated by compartlng the chemical results wlth 

those found spectrographlcall.y on the sai1l.e samples, 

assumlng the cheralcal results to be completely correct. 

Thls was frequently a dangerous assumption, as m&ny 

samples were not chemtcal standards,, and, lf the error 

ln the chemlcaL estlmatton was hi..gh it could result 

ln a greater varta:tton belng assigned to the accuracy 

than was actually obtaln~d, although the coefficient 

of Vr\rlat.lon of the spectrographi.c method l t.se lf would 

not be affected~ 
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The graph of percentage antimony versus 

I Sb 2878 • 
tog · I Te 1:38E; 

10 

3 

1 

) 

I 
J 
~ 

0.3 

/ 

v 
0.1 -

-1 0 

7 
I 

~. 
'/ / 

I 
/-
I 

I 
I 

1 

I Sb 2878 
·log I Te 23ti6 ) 

"9-
7 

7 
v 

2 

. ,_ 

.I 



21., 

Calci~~ phosphate is widely used as a 

fertiliser, and is therefore of great interest 

to the mining industry when present in economic 

deposits. When the P
2
o

5 
content is of the order . 

of 3% or over, the ore body is usually considered 

as being worthy of.evaluati.on" During the mapptng 

of a deposit, samples of a wide range of concentrations 

will · be encountered, but the samples with a phospho n.;.s 

content of less than 0.3% P are unlikeLy to be of 

interest in economic geology. It was not therefore 

considered necessary to try to increase the sensitivity· 

of the method below this level. 

Phosphorus is not very sensitive ,SIE ctro--· 

chemically, the most co~mon detection limit quoted 

being of the order of 100 p.p.m. P2535~65 (100) ts 

the strongest·available line for the analysts of 

phosphorus in ores 9 but lt aLmost invariably suffers · 

from interference from Fe2535 .. 65 (1000). P2.553.28 (80) 

ts the next strongest Line, but, in practice, thts 

alwc.ys appeared to suffer interference from Fe2553o 185 

(10), which couLd not be resolved. This is supristng, 

as the line finally chosen, P2554o93 (60) should be 

even more strongLy affected by interference from 

Fe2555.066 (20L which wouLd have been suffici..ently 

di..fferent in wavelength to be distinguished, though 

not resol..:ved~ This, however, was not found to be the 

case, and tt would appear that either Fe2555.066 was 

depressed tn comparlson to Fe 2553.185 with the arctng 

condttlons used, or, perhaps more ltkely, the interfeL~ence 

was a composite effect from this Line and NL 2.553.377 (20) .. 

/Nickel .... 
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Nickel was known to be present in small amounts in 

thls deposit, but Ni 2528.1 (20) was not detected. 

Nt 2419.3 (2) was faintly visible, however, and, in 

conunon wt.th 2553.4, thts ls a ground state llne.. The 

interference on P2553 was such that a Line persisted 

at this wavelength on all. the plates, even -.;vhen 

phosphol~s could not be detected chemicaLLy.. Such a 

pronounced effect could not be expected from the listed 

tntenslties of the. iron and nickel ttnes. 

Ther~ is tittLe literature on the spectrographtc 
27 

detenninatlon of phosphorus tn ores. Braun used 

Co3044 as internal standard for P2535 in determining 

phosphorus in plant ash~ Although several types of 
0 

plates have a fairly constant garruna between 2,500A 
0 

and 3,100 A, this seems to be a somewhat large wave.le~gth 

dlfference. 

Standards were made in the 'average' matrix~ 

and arced in triplicate. Equal steps of P2555 and 

Te2386 were compared, and a working curve was drawn. 

This curve was checked'with analysed samp~, but the 

resuLts were found to t>e systemattcal.ly lower by 50% 

than gtv.en by chemtcat analysis, and a matrix effect 

was suspected. As phosphorus usually occurs$ when tn 

workable concentratton,· as calcium phosphate tn roc·ks 

that are pre~omtnantly .carbonatites, it was decided to 

ascertain whether a matl"iX effect was responsibLe. 

/Standards .. "., 
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Standards were therefore made with caLcium 

carbonate, and arced in triplicate. The working 

curve was found to be considerably displaced from 

that obtained previously, as shovm in Figure 3, 

page 24 .. 

The results calculated from the calctum 

carbonate ~urve are given ln TabLe 6. The accuracy 

was found to be approximately ± 14%, although it was 

lower when dealing with hi..gh phosphat~ concentrations~ 

Thls figure was agaln calcuLated assuming the chemical 

results to be correct, although the sampLes were not 

chemical standards. 

The method was used on approxlmately fifty 

sampLes, and the coeffi..cLent of variation was+ 11% .. 
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Flgura 3 

The graph of percentage phosphorus versus log I P . 2555 
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METHODS FOR VOlATILE P~D SEMI-VOLATILE ELEME~~~ 
____ ......, :U."<-- - -·ao:.-.c:-- ll -

As stated tn 2.1, analysts tines were usually 

chosen above 2480A'!J The elements in this category 

were subdivided lnto a volatile - semi~volatile group~ 

and the tn•.rolatiles. This section deals with the 

former, consisting of Bi, Cu, Pb; Zn, Ba, Sn, Nt, Co, 

Sr, Cr, Mn, Fe, B, Mg, and Ca. As th~s group covers 

a large range of elements of different volatiltti.e s.? 

tt was decided to use two internal standards, the 

choice being governed by the considerations given on 

page 7 .. 

The matrices of the samples used.for checking 

the method were found to vary considerably, and it was 

decided to use a more complex 1 average' matrtx for the 

preliminary invest Lgat ions. Thi..s consi.. sted of 70% SLO 2 11 

lo% CaCo3, T~)b Fe2o3$ 2i% MgO, 2~ MnS04 and 7i% At 2o-39 

I 

The procedu't'e adopted tn developtng methods was·the 

same as that gtven tn s·ection 2.1.. 

3. 2 Choice of internal standards. 
~- - ·-~~..-.. 

In dealing with so many elements at once, 

the question of interferences bccame.marked. It 

seemed probable that any tnternal standard of suitable 

volatility would ·occur naturally in some rock or sotl.. 

submi.tted for analysts .. 

/It waso .... 
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It was therefore declded to u.se relatlvely htgh 

concentratlons of rare elements as lnternal standards. 

By dolng thls the method wouLd not be affected by 

traces of these elements belng present ln the sample. 

The elements chosen as lnternal standards were go.Ld and 

cadmi.um 9 and. mlxtures were p repa. red of 1%. gold, uslng 

the calcuLated amount of ammonlum chloroaurate, i.n 

graphlte~ and slmilarly 1$ and tfo of cadrrllum ln 

graphite~ The cadmium mlxture used depended on the 

dllution consldered advlsable for the sample tn 

questton. The li.nes used, and other retevent data, 

may be found i.n Table 2 on page 27o 

These Ltnes were chosen for thetr freedom 

from interference, and also for thelr poslti.on 

ln the spectrum. As no di..luti.on with alkaltes was 

used, tn the majority of cases~ it was decided to 

choose llnes as far from the cyanogen bands as 

posslble. These Lines had to be on the uLtravtolet 

side of the CJ.'i bands, as plate characteristics vary 

rapidly at higher wavelengths, unless panchromattc 

plates are used, and fnr the majorlty of the elements 

these are not necessary. The plates ftnally chosen 

were !.lford thln ftlm half tonee 

Frwo Lines are given for manganese and gold. 

The gold Line nearer to the analysts Line was generally 

used. The choice of manganese Llnes ls discussed below. 

/TabLe 2 .... 
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Table 2. 
c.a.~ ... 

Bartum 1 Ba 1140 

BaO c.. 2000 
i 
I 

Btsmuth i Bt 

Boron I 
i . i :e.fo~ 

Cadmtum I Cd 

I CdO 

CaLctum I Ca 

c.~romtwn I ~:
0 

~:::~: II ~: 
GoLd A:J. 

Iron I Fe 

Lead I Pb 

Magnestuml .Mg . I 
' 

1470 

12.30 

2550 

1500 

767 

975 

1240 

2850 

2200 

2900 

2.310 

2600 

3000 

1610 

1110 

MgO m. 2700 

Manganese .Mn 1900 

1 Ntcl<:el. 

Mn~o4m. .. 1650 

Mn2o3 m.. 1700 

Nt 2900 

NtO 3380 

Stronti.um Sr 1150 

S r'() m.. 2430 

Ttn Sn 2270 

3067 .. 7 

2497.;.7 

. i 3261.. 1 
i 
' ' I 
1 3158.9 

! 
! 297 5. 5 

3453a5 

I 32,74. 0 

2675"9 
3122~8 

/.,723o 6 

2833.1 

3096.9 

2593.7 1 
1 

I 
2576.1 l 

I 3002 .. 5 

3464.8 

li 
li 
!: 

I 
I 

3175~ 1 ( 

3000R 

500 

300 

100 

100R 

3000R 4.02 

3000R 3.78 

250R 4.63 
500 5.10 

300 6.64 

500R 4~40 

150 6.72 

200R 

300R 

1000R 

200 6 .. 62 

500 4.33 

Zn 907 3345.0 800 7.78 
ZnO sG 1800 

I 
I 
! 
' 

I 
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3.3 Conditions of arcing~ 

A one percent mixture of all the elements 

was made in the new "average" matrix, and a 'time pLate' 

was taken using the procedure described in 2.3. 

An examination of the plate showed that after five 

seconds at five amps followed by fifteen seconds at 

fifteen seconds at fifteen amps the analysts lines 

had either disappeared, or were of insignificant 

intensity (transmission of over 8Q%). The exposures 

were always s·tarted at five amps as tltis seemed to 
" prevent material from jumping out of the electrode. 

The electrodes used were National Carbon 

L4000, and United Carbon products 101U~ The wavelength 

setting was 2480 - 3600A, and the exposure five seconds 

at five amps followed by fifteen seconds at fifteen amps" 

All the other conditions were as given in section 2.3~ 

3. 4 Bari.uTTl~ 
,~..- >CG1 

The spectrochemicaL estimation of barium 

has been studled by many workerss among the first 
28 

betng Von Engelhardt (1936), who used cathode 

Layer excitation and lanthanum as internal standard 

for the determination of barium Ln minerals and 
29 

rockso Ruehle and Jaycox (19~0) described a 

method for the determination of barium when i..n 

solution, using rotating electrodes, and obtained 

accuracies of 5 - 10%o 

/In 1950 .. oo 
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30 
In 1.950 Farmer used thecathode layer technique 

for the determination of barium, and other elements, 

in plant ashes~ Potassium sulphate was used as a 

buffer, while si..lver and chromium, incorporated in 

carbon powder, provided internal standard lines. 

Lanthanum was also em.·loyed as an i..nternal standard by 
31 

Shaw (1954) for the determi..natlon of barium in 

silicates. He used the ton lines Ba 4934: La 4921, 

instead of ths line pair Ba 4554 : La 4558 used by 

Von Engelhardt. 

The use of calcium as a variable internal 
32 

standard is described by Ahrens and Taylor for the 

determination of Ba in plagioclase feldspars. The 

The line pair used was Ba 4554 : Ca 4435. A slmllar 

method was employed on aLkali feldspars using the 

line pair Ba 4554 ; Ca 4455. Barlum was also 
33 

determined by Heier and Taylor in alkalt feldspars, 

uslng pallad~um as internal standard. One part of 

sample was mixed with five parts of graphite containl:1g 

to%(NH3)4Pd(N03)2, and the line palr used was Ba 4934 : 

Pd 4473o 

34 
In 1956, Birks determined barlum, and 

many other elements, in alpha active materials, using 

a copper spark method. Mo was used as internal standard, 

and the l tne pair chosen was Ba 3891.8 : Mo 3903. o. 

/These .... 
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These methods all used llnes wlth wavelenghts 

that were outside t~e range that had been chosen tn 

the present method as belng best for the majority 

of elementso Had barium been of such economic 

lmportance that traces were of interest to the 

mintng industry, tt would have been necessary to 

develop methods ustng the strongest lines, Ba5535.5 

and Ba 4554 (1000R). Thls however was not the case. 

and i..t was possi..ble to choose the much weaker 

Ba 3071.6 (100R) as a suitable analysts ltne. 

The procedure adopted in treattng samples 

and synthettc standards wtll be called Method A'to 

avotd repeti..tton. 

Method A • · 

The samples and standards were mi..xed 1 : 1 

wtth the graphi..te contai..ni..ng 1% gold. Approximately 

15 mg (15 ± 2) were packed i..nto the electrodes. These 

were then arced under the condi..tlons gi..ven above. 

In many cases .the wei..ghlng of matter lnto the 

electrode only took pl8.ce for the first few samples, 

and '"hen the general Level of' the mi..xture tn the ( 

electrode had been noted, the quanti..ty was judged 
' 

vi..suallyo The amount was not cri..ti..cal, as an 

i..nternal standard was bei..ng used. 

Ba 3071.6 and Au3122.8 were the analysts ltnes 

second step of barium being compared wi.th the fi..fth 

step of gold. 

/No ••• 
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No background readings were taken, as the lines were 

in a relatively clear region of the plate.. The barium 

working curve is given ln Figure 4 on page 32o 

The standard curve 1ras obtained from 

triplicate determinations, and the samples were 

analysed tn duplicate. Unfortunately there were 

only six analysed samples available for checking 

the methodo These appeared to be mainly calcites, 

and the standa.rds were therefore made i.n calcium 

.carbonate~ The results are given on page 121. 

These give an accuracy of ~ 1~, assuming the 

chemical results to be correct. However, as the 

samp~ s were not fully checked chemical standards, 
" and had simply been analysed tn a routine manner, 

the assumption may be invalid. For.this reason, and 

because there were so few samples, a detalted 

stati.stlcal analysts was not undertaken .. 

0:::-te sample was burnt ten tlmes, and the 

coefficient of vartati.on was calculated to be t 11% .. 
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3~5 Bismuth., ._.__,_._..,.. 

Few, if any, references are to be found 

ln the literature for the determination of bismuth 

in ores, using spectrographi6 procedures. tn 1949, 
35 

Hustler and Hammaker published a method for the 

detehminatlon of bismuth, and several other elements,. 

in sand, using silver nitrate as a combined buffer 
36 

and internal standard., Norris and Pink (1957) 

developed a meti'od for the determination of trace 

quantities of bismuth and other elements, by taklng 

them lnto solution and drying on non-absorptive 

graphite electrodes. Holybdenum was used as 

internal standard, and spark excitation employed. 
37 

Hegemann and Kostyra (1955) developed a method for 

the deterT1lnatlon of btsmuth in sphalerite. Nlne 

parts of sample were added to one of graphite, 

containing beryllium as internal standard, and this 

mixture was packed into deep electrodes, and the 

fractional dt~tlllation effect thereby obtained was 

utilized for maximum sensltlvity. The llne pair 

l d B. 3067 ~e 3321 4 Thls method was emp oye was t : .J • o 

38 
used by Hegmann and Sybel (1955) for the estlmatlon 

of bismuth ln galena., The detect ton llml t .obtained 

was approximately 5 p.p .. m~G 

Unless present tn relatively high concentrationsg 

bismuth ts of little interest to the .mlnlng industry. 

For thls reason, lt was not necessary to develop a 

method giving optimum sensitivity. 

/The ••• 



The lines chosen were Bi 3068 : Au3123, 

and Method A (3.4) was employed. The second step 

of the bismuth line was compared with the fifth step· 

of the goLd Line, and the working curve obtained 

from triplicate determinations is given on page 35., 

; It will be see~ that self-absorption takes place at 

concentrations of bismuth in excess of 0.3%. 
39 

De eke and C ro s swh it e ( 1943 ) have shown ti 1a t the 

most important factors affecting the self absorption 

of a line are the intensity~ and the lmvness of the 

Low Level of the Line. A.s Bt 3068 ts a very intense 

(3000) ground state l.Lne, and the low excitation 

potentiaL ls 0.0 eV, it Ls not suprlsing that this -
line self-absorbs. 

As in the case of barium, there were few 

analysed sampLes available for checking the method. 

These were finely ground, and appeared to be clays. 

The spectrographic results are compared ·with those 

given chemically on page 121. The deviation of Bt L 

appears to be high, but tncludtng thls resuLt, a mean 

accuracy of ± 14% is ob~ained. 

In order to caLculate the reproducibility, 

one sample vms thoroughly ground and thirty al Lquots 

were analysed spectrographicaLLy. A coefficient of 

variation of+ 10%was obtained. 
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Flgure 5 
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3. 6 Boron .. -

Although the most commonly used boron 

ttnes, B 2496o8 and B ~497.7, are perfectly free 

.from cyanogen interference, the earlier workers on 

the spectrochemical analysts of this element were 

obliged to use.copper electrodes for their determlnationsp 

as lt was impossible to obtain graphlte electrodes that 

dld not contain stgni..ftcant traces of boron. Thus 
40 

Goldschmtdt and Peters (1932) used copper electrodes,. 

and cathode Layer exci..tati..on, when investigating the 
40 

geochemistry of boron. Landergren (1945) used an 

tntermi..ttent arc to stop the copper electrodes from 

melti..ng duri..ng the exposure, and added antlmony, as 

5% Sb 0 tn pure feldspar, to the samples to act as 
2 5 

i..nternal standard. 

However~ even by 1942 lt appears that pure 
42 

graphite was avallable, and Parks lnvestlgated the 

boron content of solls usi..ng graphi..te electrodes. 

The samples were mi..xed wlth Caco
3

contai..ni..ng ti..n as 

i..nternal standard, and the effect of vari..ous salts on 

the boron - ti..n rati..o was examlned. It was found 

that NaOH and AlCL had a dlsturbi..ngly hi..gh effect 
3 

.on the rati..o, even i..n the presence of 200% CaCO • 
3 

The llmlt of detecti..on was 15 p .. p.m •• Graphtte 
43 

electrodes were also used by Ahrens , for the 

determi..nati..on of boron i..n rocks 

/Correct i..on ••• 
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Correctlon for the interference-of SiO 2497.73 on 

B 2497 .. 73 was made uslng SLO 2497.56, the two band 

component being found to have the same intensity. 

44 
In 1953 Ota studted the boron content of 

ooze from the bottom of the sea, ustng copper rods, 

the tellurium as lnternal standard. However, in the 

present lnvestigation copper electrodes were not 

conslderedj as with the high grade graphtte at present 

available from the National Carbon Co., and the Unit~d 

Carbon Co., no contamlnation was noted, even when 

examlning uranium for boron at the 0.3p.pom. Level, 

by another method. 

The samples that were available for checking 

the boron method vrere slags, so a special rna trlx had to 

be made containing 15% N~ co3 , 40% S to2 , 20% Fe2 o3 ' 

10% CaC03 ·' S% MgO and 1~ Al.2o3 .. 

MethodA was agaln employed for boron, and 

equal steps of the most sensitive line, B2497 •• 7 were 

compared wl th those of Au 267 5 .. 9.. B 2496. s· was a 

posslble aLter.nattve, but frequently suffered interference. 

from Fe 2496.533 (40), whereas Fe 2497 .. 8 (15) was 

rarel.y vtstbte. The working curve for boron is glven - ------- ·---
ln Flgure 6o 

/It .... 
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It ls clear from the flgure that there ls 

self absorptlon of the boron Llne at concentratlons 

of over 1% As B 2497.9 ls a strong (500) ground state 
39 

llne, thls ls ln accordance wlth Dleke and Crosswhlte's 

concLuslons for lron. 

The resuLts are given on page 122, and, 

assumlng the chemlcal resuLts to be correct, the 

accuracy ls ± 12.%.. One sampLe was analysed ten tlme s 

and the coeffictent of varla·t lon was + 11%. -
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The spectrographtc anatysts of chromtum 

tn steels has been studted by many workers~ and Cr 

ts tncluded tn most general methods for several. 
45 

etements. In 1939, Ashton studted the anatysts 

of chromtum tn ptant ash, ustng molybdenum as lnternat 

standard, and adding a preponderance of ~ead oxtde 
46 

to suppress the cyanogen bandso Hetz and Scribner 

when studytng several. etements~ tnctudlng chromtum, 

ln cement, used cobatt oxtdes as internal. standard, 
35 

and graphtte and KNO as buffers~ Hustter and Hammaker 
3 

used the same method of determining chromtum in san.ds 

as is described tn 3.5 for bismuth. In 1955, a method 
47 

was pubtished by Astaf'ev, Rubtnovtch, and Yakovleva 

for the spectrographtc det8rminat ion of Nt, V, Cr, and 

Cu in ctay, uslng carbon etectrodes, a constant current 

arc, and cobat t as .internal. standard. Thelr t lmt t of 

detectt.oa was of the order of 20 p.p .. m •• 

48 
Nachtrteb, Johnson and Dress employed 

a fuslon techTttque for the determtnatton of Cr, Fe, V, 

and Sb in titanium or~s. These were fused.with twenty 

times their ovm weight of potassium bisutphate, and 

graphite etectrodes were dipped into the molten mixture, 

so as to obtain a thin vitreous coatlng. 2200 V. ac o 

spark excitation was used, and a detection timlt of 

50 pop.m. obtalned. 

/Nik:l t lna .... 
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49 
Ni..kttlna (1955) descrlbed a method for 

the determination of chromium, and several other 

elements, in sand, quartz, and other htghly stli..ceous 

materlalso The samples were fired for 5 - 10 seconds 

ln a separate arc (25 - 27 amp) and then put i..nto 

the graphtte electrode craters and exposed at 10 amp. 

with an arc gap of 2mm... The spectrogram was free 

from Si.O bands when 2mg samples were used, and the 

senslttvtty of the method was 10 pop.m.e 

The chemi.cally analysed samples that were 

avai.lable for checklng the method, and all the 

subsequent samples that were submitted for analysts 

were from a chrome - lron ore deposit, and were 

therefore very hi.gh i.n ch.romtumo It was therefore 

posslble to use a method involving quite hlgh sample 

d~luttono The samples were dlluted 1 : 9 wlth "average 11 

matrix, before mixi.ng wi.th the graphtte - internal 

standard mtxture, whi.ch contained both gold, and also 

one per cent of cadmlums as CdO. As these were the 

two maln tnten1al standards of the present work, a 

mlxtu.re contaLning both was frequently employed for 

preliminary worko The standards and .s.amp-~:es·:we.rr-e~·. then 

arced ln trlpltcate. On examlnlng the resultant 

spectrogram, it was found that the variation of Cr 297595 

wtth Cd 326'1~1 was much more reproducible than wlth 

Au 3122.8~ Thls was surprislng, as cadmlum is much 

more volattle than chromlumo The method adopted was 

therefore to dllute the sample with "average" matrtx, 

as given above, and then to mix 1 : 9 wtth graphlte 

contai..ntng one per cent of cadmi..umn 

/The l tnes ..... 
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The lines used were Cr 2975 .. 5 and Cd 3261.1. 

Cr 2975.5 was chosen instead of the three most 

sensitive lines, Cr 4289.7, 4274o8 and 4254.3 for 

three reasons: firstly these Lines were not in 

the range that was suitable for the majority of the 

eLements; secondly, because trace quantities of 

Cr were not required, Cr being of economtc importance 

only when,present as a major constituent; and thirdly, 

because the plates had a far lighter background in 

the region chosen than in the 4100 - 4300A range, and 

the emulsion characteristi.cs were more constant. 

·The ftrst step of Cr 2975.5 was compared 

wtth the thi.rd step of Cd.3261, and the worktng 

curve obtained i.s gtven on page 43e The chemical 

and spectrographi.c results are tabulated on page 123 .. 

Asst:mli.ng the chemtcal results. to be correct, an 

accuracy of t 10% was obtai.ned. A coeffi.ci.ent of 

vartation. of ± 8% was cal.culated from the results gtven 

by analysi.ng two samples ten times each. In Cr 3, 

the deviatton of the spectrographi..c from the 

chemical result is 48%o As the analyses were done 

tn duplicate, and this devtation is 'six times the 

standard deviation of the method, the probabi.llty 

that the chemicaL result was i.n error is very hi.gh~ 
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Flgure ?. 
1 Cr 2975 The graph of percentage chromtl.un. versus log 1 Cd 3261 
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The spectrographi-c determlnatlon of copper 

and nlckel has been studled by many workers~ and these 

elements are included ln nearly aLl the general methods 
50 

gtven ln sectlon 1. In 1953, Galakhovskaya studled 

the determtnatlon of these 1 and several other elements 

tn the soluble portlon of hallte~ sylvene and sylvtnltep 

by applylng the saturated solutlon to the surface of a 

plate shaped lower electrode, and slow~y evaporating .. 

Molybdenum was used as lnternal standard. 

The method prevlously described for the 

determlnatlon of chromium, by Astafe'v Rublnovich, 
47 

and Yakovleva , was also employed for copper and nickel. 

The internal standard eLement was cobalt. 

51. 
Hegemann~ von Sybel and WiLk (1955) 

dete:t"Jnlned copper and nicl<:.eL in pyrLtes and chaLcopyrite) 

using a d.c. arcmethod. The sample was mixed with pure 

graphite, and, ln the case of the pyrites, Cu 3274 was 

compared with Fe 3171, and Nl 3051 wlth Fe 3058, for the 

chalcopyrites Cu 2824 was prefered. 

Lovering, Nichiporuk, Chados and Harrison 
52 

Brown (1957) used Pd 324.2.7 as internal standard for 

the spectrographlc determlnatlon of copper tn meteorites .. 

/The se,mples ••• 
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The samples were dlluted 4 

contalni.ng palladi.um •. 

1 wtth graphi.te powder 

53 
Carobbi. and Pi.erucci.nl (1943) determi.ned 

copper i.n sedimentary rocks usi.ng i.ron as a vari.able 

i.nternal standard. Samples were packed into deep 

(12mm) electrodes~ and arced for five minutes using 

cathode layer excitation. These authors corrected 

for matrtx and electrode contaminati.on by comparing 

the copper line tn the blank wi.th the CN band 

component CN3160. 

35 
Hustler and Hammaker in the method 

previously described tn 3.5 and 3.7 used silver 

nitrate as a composite buffer and i.nternal standard 

for the determi.na t ton of n tcke l ln glass sands. 

54 
Landergren and Muld (1955) determined 

copper, and several other elements, in i.gneous 

rocks, .sediments and ores by fusing with 5 parts 

of Lt2co3 and 9 parts ~B03 untt.l decomposed. 

The c~oled melt was powdered, mtxed wi.th graphite, 

to which CeO had been added, for use as internal 

standard. formed i.nto pellets, and sparked. 

Durlng the i.nvestlgati.on of chromtum, 

. which ts descri.bed i.n 3.7, it had been found that 

chromium could be determtned with more reproducibi.li.ty 

using cadmi.um as an i.nternal standard than with 

go~d. It was therefore decided to see whether 

copper and nlck:el could be determined using th'Ls 

element as tnternal standard, i.n splte of the wide 

difference in volatility. 

/The method .... 
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A.J lj ·/ 1 ' 

C t' •v--f .c.J~~/~-c- /" 'h 

The method would also be of use ln the analysts of~ 

gold concentrates, when the hlgh concentratlons of 

gold present. wouLd slgnlflcantly interfere wlth the 

gold internal standard method. 

The method described below will hereafter 

be referred to as Method B. 

The standards were made tn ·l.he same 'average? 

matrtx as ln Method A, and one part· of standard or 

sample was mtxed wtth ntne parts of graphtt·e containlng 

1% cadmlum as CdOo Approximately 20 mg of thls mixture 

was packed in an L4000 electrode 9 and arced at 5 amps 

for 5 seconds, followed by 15 amps to completion •. 
-- _.,- """'·-·=-""--- - ·--='"-- o-

The fourth step of Cu 3274 and Nt 3002 

were compared with the fourth step of Cd 3261, and 

the working curves obtatned are shown on page 47. 

Three batches of samples were analysedi the first 

being malnly siLtceous, while the others appeared 

to be clays. The resuLts of the first batch were 

not included in the accuracy calculations as the 

copper content was so Low that' only one·slgnificant 

flgure was reported. If one asstnnes the chemical 

results to be correct, aLthough the sampLes were not 

chemlcal standards, an accuracy of 16% for copper, 

and 23% for nlckeL ls obtalned. A coefflclent of 

variation of 14% was caLcuLated for both elements from 

25 sets of dupLicate resuLts. 
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The spectrographic determination of lead 

has been investt.gat~d by many workers. Schnopper and. 
55 

Adler (1949) determt.ned lts concentratt.on in ztnc 

and other ores, using a buffer consisting of one part 

graphite and two parts lithium carbonate. A centre­

post electrode was used, wtth an exposure of 20 seconds 

at 14 amps. 

The determination of lead is included in 

1nost of the general methods given in section 1, and 

also t.n the previously described.methods of Hustler 
35 . 

and Hammaker (in which AgNO was used as buffer 
;). 50 

and internal standard) and Galakhovskaya (who studied 

tr.e solub'Le portion of halite using molybdenum as 

internal standard). 

Bismuth has been used as an internal standard 
56 

for lead by several workers. Waring and worthing 

tri 1953, determined lead concentrations tn zt.rcon, 

apatite, sphene, and several other minerals, by 

comparing Pb 2833 and Bt 2898o · 12. 5 mg of the powdered 

mineral sample was mi..:x:ed wl th three parts of Na2 co3 ~ 

contat.nlng 0.1% of Bl or 0.05% Bl for Low-lead sampleso 

Calibration curves were obtained from sto -Pb - Bl 
57 2 

standards. Wedepohl added equal weights of carbon 

powder containing 0.1.% Bt to hts samples wi. th Lead 

content above 100 p .. p.m., and 25% Caco3 contai.ni.ng 

0.04% Bi. 0 to hts lower samples. Wartng and Worthing's 
. . ~ 3 

analysts patr was used. 

/Hama.guchL •• 
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58 
Hamaguchl and Kuroda (1955) also used bismuth 

for the determination of lead in silicate rocks. 

Samples of the powdered mineral.s were mixed wtth 

half their weight of NaCl which contained 2o9% of 

Bt~O~. The samples were arced ustng d.c., and 

l.engths of spectra recorded through a logarithmic 

sector were used fbr estimating the lead concentration~ 

59 
Heier and Taylor (1959) determined lead 

in alkali feldspars using sodium as a variable 

internal· standard. The samples were only arced for 

the period of the alkali distillation, so that the 

cyanogen bands were suppressed by the low arc 

temperature, and it was posstble to use the strongest 

tine Pb 4057 when necessary. This llne usually suffers 

severe tnterference from the CN band with head at 

4216A. A rel.ative devtation of 5% was obtained. 

It was decided to use Method B for the 

analysts of Lead, as cadmium seemed a more suttable 

l.ntemal standard than gol.d, both from the point of 

view of its volattlity and lts c;:;hemlcal characteristics .. 

Pb 2833 was used$ tnstead of Pb 4057 for the fol.l.o·Ntng 

reasons:-

(a) no alkali dilution was betng employed at this 

. stage, so that there was cyanogen interference 

wlth Pb 4057 

(b) maximum sensttlvlty was not required, as 

lead is only of economic stgntflcance when 

present at concentrations of well over 

1000 p .. p.m .. 

/Method .... 
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Method B was fol towed, mixlng the sample 1 :. 9 

with graphite containing 1% Cd.. The worki~g curve 

obtained comparing the first step of Pb 2833 wlth the 

second step of Cd3261 is given in Flgure 9 1 (1). 

Ntne chemically analysed samples were avatlable for 

checktng the method, and it was found that the 

spectrographtc results did not agree wlth the chemicaL 

flgures. Except for the fact that all the spectrographtc 

results were tow, the dlsagreement appeared to be randomj 

the spectrographic figures belng anythtng from SO% 
to 10% of the chemical figures. The reproducibility 

of the spectrographlc method for a slngle sample was, 

howev~r found to be t 10%~ 

\ 

In order to see lf the presence of any other 

elements tn the samples was causing thls dtsagreementll 

weighed quantltted of the samples were arced and an 

tnspectlon was made to see lf any elements were 

present tn quantlties that could be correlated wlth 

the deviation of the spectrographic from the chemical 

results. It was found that the samples had dlffering 

alkali. contentsJ and that the higher thls content the 

greater the dlfference obtalned betvv·een the chemlca~ 

and spectrographlc results. The samples appeared 

to be dolomitic, with clay lntrustons, but as they had 

been ftnely czushed, tt was hard to be sure of this. 

/To test ••• 
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To test thls theory of alkall effect, standards 

were prepared and dlluted 1 9 wlth an lnternal 

standard mlxture conststlng of 2% Cd as.CdO ln a 

dttuent of 2 : 1 Lt:~.C03 : Graphltee Thls was found 

to glve far less sensitivity for lead, as shown tn 

(2) Figure 9. 

The samples were then treated tn the same J 

manner and agreement was obtained with the chemlc~l 

flgureso Considering the chemical results as correct 9 

an accuracy of :t 12.% was obtalned. 

The standard deviatton was calculated 

from duplicate analyses on twenty ftve samples, and 

was found to be t 11~o 



52. 

Ftgure 9 
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Calcium and magnesium have been determined 

tri clays by several workers. In 1943 Austln and 
60 

Bassett used graphite conta.tntng Mo as internal. 

standard,. for the determination of Fe and Mg in clay 
61 

samples. Gillis and Eeckhout determined Ca, Mg and 

several other elements, uslng Cu and Li as lnternal 

standards~ Synthetic mlxtures could not be used as 

standards, and analysed clay samples had to be employed~ 

62 
Kvathelm (1947) determined Ca and Mg, as 

well as other corrunon elements 2 ln mlneral.s, rocks and 

slags using sreo 3 as internal standard. A relattve 
63 

error of less than 10% was obtained. Hegemann in 1953 

obtained an accuracy of 3% for Mg, Ca, st, Al and Fe 

in stttcate3. The sample was pLaced on the edge of a 
' fllter paper (diameter 3.1.5cm) whlch was then rotated at 

a rate.of approximately one revolution per mlnute through 

an a~c. carbon arc. 

64 
In 1955 Sherstkov analysed ores fc.·r 

Fe, Tt, Ca~ and Mg by spraylng the sample, mlxed wlth 

cobalt as internal standard, lnto a 2.5rrun gap and 
54 

sparki..ng. Landergren and Muld ln the fusion method 

previousLy descrlbed, used Ca 3159 and 3179 and Mg 2795 

and 2803 as analysts lines~ 

/Vainsltteln,. ... 
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65 
Valnshtetn, Borovtk-Romanova, and Korolev 

tn 1955 dete:rmtned the oxldes of St, Al, Fe and Mg 

tn clays of varlous geologlcal ages. CuO was the 

base and charcoal powder and dtluent. A 10 amp 

250V d.co arc was used and the results of the 
. 

spectroscoptc and chemtcal analysts agreed wlthtn 

4 ·~ 6 per cent" 

66 
Rouba.ult and Stnsou (1956) determlned 

Al., Mg~ Fe, Ca, Mn, Tt, Na~ and K tn crystalltne 

stltcate rockso Four parts of the powdered sample 

were mtxed wtth twelve parts of Nt powder, forty 

parts graphlte, and one part H3Bo3 and exctted wtth 

an tnterrupted arc.. ·The L tne patrs used for analysts 

were Mg2582/Nt3080 and Ca3159/Nt3129~ 

33 
Heier and Taylor ~ tn the method 

previously described for barlum$ used Pd as internal 

standard for the determlnatlon of Ca tn alkalt 

feldsparso Analysts Ltnes were Ca 4454 and Pd 4473. 

In th~ present work lt was decided to use 

Method A, the Lines chosen betng Ca3159, Mg 3096~9 

and Au 3122o8c Ca 3159 was used instead of the 

stronger Ca 4227, 3968 and 3934 and Mg 3096.9 instead 

of Mg· 51.84, 3838 and 285~. for the following reasons:-

(a) the other Llnes were fow1d to be too 

strong tn all the samples available for 

analysts. 

/(b) wlth ... " 



55. 

(b) with the exception of Mg 2852, these 

tines were outside the range that was 

suitabLe to the majority of eLements 

uslng Method A. 

At flrst the onty sampLes available for 

checking the method were desctoizltes so the worklng 

curves given on page 61 are for standards tn a 

desctolzi te ma trtx.. However, the method has slnce 

~een used on sott sampLes, for which an artificial 

matrix of 70% SlO , 20% Al 0 1 and 10% Fe 0 was 
. 2 ~. 3-. 2 3. 

employed. The accuracy for Ca and Mg ln desclotztte 

was ;t 5% and :t 7% respectlvel.y.. One sample was arced 

ten tlmes and the coefficient of variation was 

catcul.ateci to be - 5% for both elements.. For the 

sotl. samples, the accuracy was found to be - 11% for 

Ca, and + 13%. for magnesium.1 assuming the chemicaL 

resuLts to be compLetely correct.. One sample was 

agatn arced·ten times and the coefflclent of variation 

was .± ~ for both elements. 
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Flgu~e 10 
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3.11 I ron and Manganes~.· 

Iron and manganese have been investigated 

by numerous workers, in many types of oresc 
67 

Churchill and Russell (1945) determined tron in 

aluminium ores. Tablets were made of one part 

ore, five parts NaF and twelve parts graphite. 

These were sparked, and Al used as lnten.Lal standard .. 

68 
In 1944,. Ahrens publlshed a method for 

the determlnation of iron ln glass sands. Si..li..con 

was used as i..nternal standard, and was found to be 

sati..sfactory unless potassi..um was present at over 

Oo3%. Fe 3020 was rejected as an analysts li..ne 

because i..t exhlbi..ted strong self reversal, but 

F~ 2973 and Fe 2600 were satisfactory. A coefflcient 

of variati..on of approxi..mately 5% was obtalned. 

48 
Nachtrleb, Johnson and Dress determined 

i..ron and manganese in titanlum ores, by fuslng the 

sample wlth 20 parts of KHS04 , dipping a flat 

electrode in the melt, and arcing with a 2200V. a.c. 

arc. The impurities were compared with titanium llnes. 

69 
Kuraoka, Takahashi.. and Hara (1951) used. 

strontium as internal standard for Fe and Mn in 

si/licates. A mixture was made of 11 parts sample to 
1 1 part sreo3 and 4 parts graphlte, and packed into 

centre - post electrodes. 

/I ron. e • 
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Iron could be determined in the range 0.01 - 1$% 

Fe 0 , and manganese between O·. 01 - 5% Mno 2• 
2 3 62 

Kvalhelm .also used SrCO as internal standard 
3 

in his analysts of rocks and minerals. 

70 
Hegemann and Leybold (1953) detenmtned 

Fe, Mni and several other elements, in galena.· 

·A homologous line pair method was employed, with 

Nl as internal standard. Reproducibilities of 

better than 10%were obtalnedo Nl was also used 

for the determination of manganese in tron ores by 
71 

Nadezhdlna (1954). The samples were formed tnto 

brtquettes, and the ltne patr chosen was Mn 2879.5 / 
66 

Nl 2865.5. Roubault and Slnsou also used Nl for 

the determinatlon of Fe and Mn in crystattlne sfllcate 

r0cks. 

Fe and Mn have also been determined tn 

con~on wlth many other elements ln most of the general 

methods described ln Sectton 1, and also by the AgNQ3 
35 

tnternal standard method of Hustler and Hammaker , 
50 

and by Gal.akhovskaya tn the method descrtbed tn 3.9. 

It was decided to use Method A for the 

determtnatton of Fe, and Mn, as Au seemed a more 

suttable tnterrLal standard than the very volattle 

Cd. Mn 2576.1, the strongest Mn llne tn the spectraL 

range exposed tn Method A, was used when Mn was 

present tn trace quantltles, but when the concentration 
. 

was higher than Oo 1% Mn, flm. 2593. 1 was found to be 

more suitable. 

/Traces.~. 



59 .. 

Traces of tron were not requtred, as, ln the 

mlnlng tndustry, iron ts rarely of importance, elther 

as a contaminant, or economtcally ~less present 

ln amounts well ln excess of 1000 popom.. A 

retatlvely weak ltne was therefore requ{red, and 

Fe 2723o6 was found to be satisfactory. 

The samples and standards were mtxed 1 : 1 

with graphtte contalnlng 1% Au, as tn method A., and 

the llne patrs were Mn 2593 / Au3123p Mn 2576 I Au2676 

and Fe 2734 I Au 3123. Au 31.23 was chosen tn 

preference to Au2676 for samples contalning higher 

manganese concentrations, because these were 

concentrates of pyrochlore ln calcite, and tt was 

feared that N'b2675.9 (10) and Ta 2675o9 (150) 1 might 

interfere wtth Au 2675.95. The lower Mn samples vlere 

ptatn calcites and dolomltes, where lnterference was 

unllkely. 

An accuracy of t 10% was obtalned for Mn, 

and ~. 6% for Fe. The coefflcients of varlatton, 

calculated from 25 sets of dupllcate determinatlons, 

were 9% for M...'l. and 7% for Fe.. The working curves 

are given ln Figure 11:; page 60 .. 
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FLgure 11 

The graph of (1) t-:nr~. (2) f"1nfv and (3) Fe~ versus 

I Mn 2576 I Mn 2593 I F~ 2734 
(1) log I Au 261b (2 ) Log I Au 3113' (3) LogT Au 312'3' 
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3.12 Strontium. ............ ,....,.._ 

Strontium has been determined tn several 
72 

medla~ Wilson arid· F:Lelds estlmated the Sr content 

ln CaO by adding sodium potassium tartrate, dissolving 

in HCL, evaporating the liquid on to a copper anode, 

s.nd sparking. Comparisons of Sr 4607/ Ca 4300 1 

S:r 4215 / Ca 4203 and Sr 4078 / Ca 4283 covered the 

~ange 0.025- 1.~ Sr. 

As Ca, Ba, and Sr are very simiLar chemically 

and spectrochemically, they are good lnternal 

sta::\dards for each· other. The disadvantage of 

using them for this purpose ts that they are 
73 

Llkely to occur togethero Turektan, Gast, and Kulp 

ln 1957 overcame this difficulty when analysing 

silicates, by mtxtng 1 : 1 with CaCO which had 
3 

previously been purified by ton-exchange. Sr4607 

was then compared wlth the weaker Ca line, Ca 4578. 

74 
In 1943, Hybbinette also used Ca as 

internal standard for the determination of traces 

of Sr ln pegmatites. The samples were dissolved, 

an excess of Ca added as a carrier, and an oxalate 
75 

prectpitatton made. Kulp, Turektan and Boyd (1952) 

used calctum as an internal standard for the determtnatlon 

of Sr tn l tmestone and fosstls. 

/Ba ••• 
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Ba was used as an internal standard 
76 

by Goldsmith, Graf and Joensuu in 1955, 

when studying the Sr content of magnesium calcites. 

Sr 4607 and Ba4523 were used for the analysis of 

samples containing 0~05 - 1% Sr. Sr 4607 was also 
77 

used by Strock in 1942, when investigating the Sr 

content of mica. 

Most workers investigating the spectro­

chemical determination of trace amounts of Sr have 

used the arc tine Sr 4607, but, investigating 
78 

"Lithium mi.ca and other minerals, Ahrens found 

tt necessary to use the ion tine Sr 4077 because 

of the excessive interference from Li 4603. Sr 4215 

was also ruled out because of tts coincidence with 

Rb 4215 .. 

33 
Heler and Taylor (1959) used the Pd 

internal standard method already described for Ca 

. and Ba, for the determination of Sr in alkali feldspars5 

In the present investigation it was 

decided to use method A for sr as the volatility 

of gold was far closer to that of Sr than that of 

Cd. Only six analysed dolomite samples were 

avai.Labte to check the strontium methodf as Sr is 

not generally considered of any great economlc 

importance6 

/The usuat ••• 



The usual Sr lines, 4607 and 4077 were not considered, 

as their wavelengths were outside the range 

generally employed tn Method A, and great 

sensltlvity was not neededG Sr 3464.1, although 

an ton llne, was found to be suitable. The background, 

ln the vicinity of thts line, was rather high from 

the CN band, wtth head at 3590.4 and background 

readings were taken on both sides of the line and 

corrections made on the Respectra cal~ulattng boarde 

Equal steps of Sr 3464 and Au 3123 were 

compared, and the working curve obtained is glven 

on page 64. Assuming the chemlcal results to be 

correct for the stx samples (they were not chemical 

standards) an accuracy (mean devtatton from the 

chemical f~gure) of ± 16% was obtalned. The results 

are glven on page 127~ One sample was analysed 

spectrographically. ten ti..mes, and a coeffi..clent of 

vari..ation of t 11% was obtained. 
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Flgure 12 

The graph of S~~ versus Lot I Sr 3464 
· 1 Au 312.3 
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3. 13. Ttn. 

A tin depos'Lt can be worth minlng when as 

tittle as 0.05% Sn ls present as ftnely ground, 

alluvtal tln, but if the cassiterlte ls present 

in hard rock, it can be necessary for 0.5% Sn or 

more to be present before the deposit becomes of 

economic importance. 

Tin has been detected ln zincblende by 
79 

Oft~dal , together wtth several other elements, 
80 

and by Strock • The latter obtained quantitative 

results from stepped spectra, by comparing exposure -

time ratio for equal densities on each pair of lines. 

Tin was determined in silicate and sutphi..de 
81 

mtnerals by Shllllng (1955). The sample was mixed 

wtth an equal amount of potassium antlmonyl tartratep 

pLaced in the crater of a graphite electrode, and 

e~:clted by a 12 amp. d.co arc. Sb 2489 .. 5 and Sb 2426.4 

were compared. 

70 
The methods of Hegemann and Leybold , and 

• 35 
·rrustler and Ha...'Tiffial<:er · were also appl.i..ed ~o the 

determinatton of Sn i..n galena and sands respectively. 

Many of the general methods described in Section 1 

have also been applied to tin. 

82 
Sn 3262.3 was used by Ahrens and Llebenberg 

for the determi..natton of Sn tn mlca, and Brooks, Ahrens~ 
. 83 

and Taylor used an anton - enrichment procedure to 

determLne Sn ln. most rocks. 

/Concentrattons~·· 

------------------------- ---------- ---
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The graj: .. h of Sn~: versus Log I Sn 3175. 
.1 ca 3261 
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In the case of the sampLes from.Depostt B, 

as W was also requ.tred, t t was dec'Lded to try the method 

that was tn use for the tnvoLatU.e eLements (see sect'Lon 4)n 

Thts method C was as folLows~-

Samples and standards were mlxed wlth graphlte 

containing 0,.1% Pt (usi.ng the calcuLated amount of 

ammonlum chloro pLati.nate) equaL parts of sample al.l.d 

g:caphtte mtxture bei.ng usedo The mtxture was arced at 

5 amp for 5 seconds fol lo.wed by 15 amp. for 20 seconds .. 

Approximately 20 mg of sample mixture were packed tn 

U~P.C., 1011 eLectrodes, and w'Lth the arci..ng cond'Ltions 

gi..ven above, nothing appeared to be left tn the electrode 

after burning. 

A sui table p·;: 1.. i..ne had been found to be 

Pt 2659, but thl.s seemed somewhat too different i..n 

waveLength from Sn 31.75.. Sn 2840 i..s nearer, and on.ty 

slightLy weaker than Sn 3175, (an lntenslty of 300 

as compared to 500) and also occu.i".s i..n a clearer part 

of the spectrogramc Concentrations of less than 

0 .. 01% were not requtred, so Vc. was decided to comr:a re 

Sn 2840 and Pt 2659 1 the flfth step of Sn betng 

compared wtth the thlrd step of Pt. The working 

curve ts gi.ven tn Figure 14s and the resuLts on page 128,., 

The samples analysed by this method were 

received for arbttratlon between two laboratories. 

As can be seen from the agreement between the two 

Laboratories, the chemical r~sults could not be 

cons'Ldered as bei..ng accurate~ so tt was lmpossi..bte 

to calculate the accuracy of the spectrographic method. 

/It was .... 



It was howev·e:i. ... , foun.d ln the mtneralogtcat 

experiment involved that the proportions of t:tn 

i.n the·concentrates and tatl.ings corresponded bettetJ 

wtth the origtnaL head value when the spectrographic 

results were used instead of the chemtcal ftgu.res .. 

'l"he hi.gher sampLes had to be diluted with matrtx 

before addi..l1g the graphl te mixture. 

One sample wan anaLysed 15 ttmes, and 

the coefficient of vartatlon of ~9% obtatned~ -
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FLgure 14 

The graph of sn~,c vorsu lo I Sn 2840. \.. s ,: I Pt 2659 
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Zn 2138.56." (800R) ts the strongest Zn 

ttne avai.lable 2 but tt can only be used when 

speclalty sensitlzed plates are employed .. 
86 

O' Connor 

tn 1941 used this llne to detenntne Zn ln fertilizers .. 

He enhanced the sensitivity of the volatile Zn 

by ustng deep electrodes, and obtatned a timlt of 
8'7 

detection of approximately 2 p .. p.m*o Rogers tn 

1935 also used this tine for the determinatlon of 

Zn tn blologtcal ash. The llne suffers from self 
88 

reversaL, but Eve and Maskew overcame thts in 

the analysts of plant matertals by using an atr jet 

to remove the outer layers of the arc .. 

In generaL, at the present moment~ a 

d8posit of zlnc is not consldered of economlc 

importance unless present at over tiLe L 5% level 

(30 tb/ton).. However, the samples submitted for 

Zn analysts were part of a geoche:rnicaL survey, 

where smal.l traces were of interest.- The possible 

cost of using specially sensitized plates in such a 

survey ·was formidable, so that the use of Zn 2138 

was not considered. Specially sensltlzed plates 

are also less readlly avallabe than the normal 

vartettes , and lt was feared that considerable 

delays m~ght be incurred in obtaining them. 

/The fact ..... 



The fact that thousands of samples 

might have to be analysed by people with Little 

spectrographic expertence, on a routine basls 1 made 

lt seem wlse to try to lmprove the sensi.tlvtty of 

Zn 334.5~02, wtthout resorting to spectaL doubLe 
85 

arc techntques, such as that of \t{edepohl , or 
89 

Shaw~ Jcensuu and Ahrens (1950) 

It was orlgtnal.Ly intended to use the 
55 

method of Schnopper and Adler for the geochemtcal 

survey, and a mi..xture two parts Lt CO to one part 
2 3 

g:raphlte contalni.ng 2% Cd (added as CdO) was madeo 

Samples and standards were mixed equalty wtth thts, 

and approximately 100 mg was packed i.nto a laarcreged l 
National Ca:cbon J.AOJ.8 Lower eLectrode, and 

at 10 arr.p~ to completton. It was found that unde 1 

these conditions the limit of detection was I 
approxtmately 1,000 p .. pomoc Thls was not satisfactoryo 

The curve obtained ts shown tn (1) Figure 15. 

It was thought that the high percentage 

of .Lt present tn the l:i.1terna.L standard mixture mtght 

be adverse1.y affecting the sensitivity of Zn, so a 

mtxture of 2'% Cd in graphite was added i.n equal 

parts to the standards, and the world.ng curve shown 

ln (2.) Ff..l:;-.,ure 15 was obtai.ned. ALL other condttton.s 

were kept as before. By this means the ttmtt of 

detection was reducE:d to 300 p.p.,m .. and although 

th"Ls was sttl.t Ull.sati.sfacto1.,y 1 it was an i.mprovement, 

so tha new internal standard mixture was adopted .. 

/Up .. ~" 
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Up to thls stage tn the development of 

the method the 11 average 11 mat:rtx had been used, but 

tt had been noted that the sampLes were relatively 

free from caLctum, whereas in the standards 

Ca 3344.51 v1as causlng haLation around the ztnc 

tlne.. It was therefore dectded to continue 

tnvestlgatton~ ustng a pure stLtca matrtx, and by 

so doing the limLt of detection tn the standards 

was towered to between 100 ..... 200 pop$m .. ~ 

As this was sttll. unsatisfactory Level 

of detectton, tt was declded to try to lmprove tt 

by changlng the arcing condttlons to decrease the 

high background at the Zn line.. The current was 

therefore started at 5 amp.i as in Method B, 

and swttched to 15. amp .. after 5 sec .. e A test 

pl.ate was t:::..ken usi.ng the method gi.ven tn 2,.3~ 

and. tt was found that all the Zn and Cd were 

vol.atiltzed wtthin 15 seconds,. •.t:ne procedure was 

then adopted of arci..ng for 5 seconds at 5 amps 

(to prevent the sample 'explodln.g? out of the 

electrode) foLLowed by 15 sec. at 15 amp .... By using 

thls techn.tque, the U.mlt of' detectt.on was Lowered 

to approxtmately 70 p .. p .. m.G 

/Thts ... ,. 
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This was considered sattsfactory tn the survey~ 

as although alL sampLes could not be asstgned a 

Zn concentration more specific than 'Less than 

70 p.p.mo f~ there was enough sensitivtty for the 

peaks to be plotted. It was fortunate that·the 

sampleswere high,ly silLceous in nature, as 

otherwise sensitivLty must have been losto 

V/LthLn a short period it became clear 

that the use of high purtty electrodes was 

uneconomLc 9 and a change was made to Spectra­

Tech. graphtte machined to the shape of L 4018~ 

As was the case with the Cu~ Co, Ni survey (see 

3.15) no contamtnation was noted resuLttng from thts 

change. The working curve is given in (3) 

Figure 15, on page 76~ 

The first step of Zn 3345 was compared 

with the second step of Cd 3261. Background 

readings were taken Lrrunediately adjacent to both 

sides of both lines, and the mean backgrounds for 

each 1. Lne used for backgrourid correct ions on the 

Respectra caLcuLating board. 

Twenty sampLes were analysed chemtcally, 

as wetL.as spectrographtcaLLy, and an accuracy 

of 8o4% obtained, A coefftctent of variation of 

8o2% was obtained from fifty dupLLcate deter­

mii1a t lonso 
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Flgute 15 

fhe ara1jh of Zn p p m versus lo I Zn 3345 
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3" 15 £pbaLt, C~£P~~Nl.ckeL d~~i.na_!:_!.ons tn 

~-~eo~~l.cal -~~rv~~ 

During the course of the authors work 

at Goldfl.eLds Laboratorl.es, the company decided 

to undertake a geochemtcaL survey for copper, cobalt 

and nlcket. The geologtsts took sampLes at knovm 

di.stances from a reference poLnt, and at va:rt.ous 

depthso The samples were stevedg packed into smaLL 

envelopes, and sent for analysts. The tnformatton 

&.s to postti.on and depth was glven on the enveLope 11 

e. go AK 220 1 , 5 9 
9 the symbol A gi.vlng the direction 

from post K, the distance from this post belng 220' 1 

and the depth at whlch the sampLe was taken 5 1
• 

1'he meantng of the symbols was knoNn by the 

geologists at the company's head offi..ce, who correlated 

the data.. Wtth a few minor variations, it was 

decided to use the author's Method A on these 

sampLes~ The work was done by a team of three or 

four people, depending on who was available in the / 

Laboratory, ted by M.B. Forsyth, /{.A. and the author. I 
Between three and four· thousand analyses were 

made d·t.4ri.ng the course of the survey. 

One important varl.atton from Method A 

vtas dtctated by the quest ton of cost.. It was feLt 

that the use of the hl.ghest purlty graphite 

eLect rode s wouLd render the ·met hod more expen s i. ve 

thar1. the correspondtng chemtcaL techntques~ 

) 
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As the geologists were only interested ln the peaks 

shown by this survey, tt was decide~ not to report 

accurately any figures of Less than 50 p.p~ma. 

The symbol x was used when the element was detected 

at a Level of less than 50 p.p.m.and·· .. when lt was 

not detectedo Under these conditions lt was found 

that the use ot U.C.P. Spectrotech rods machined 

to the shape of National Carbon L400, and U.C.P. 

101U electrodes, lnstead of purer carbons, dld not 

affect the accuracy of the determlnatlons. 

vnt.h an arclng period of 5 sec. at 5 amps, 

followed by a burn at 15 amps, there was a tendency 

for the sample to be ejected from the electrode 

on tncreaslng the current. The arcing conditions 

were therefore changed to 5 sec. at 5 amps, followed 

by 5 sees. at 10 amps, and then 15 amps to completion. 

Samples and standards were treated as i..n 

Method Ao The fourth step of gold was compared with 

the fourth steps of copper and cobalt, and the thlrd · 

step of nickel. The slit of the spectrograph was 

masked, so that only these steps were exposed, so 
-

as to cut the number of plates used, and consequent 

costs, and also to reduce the total time Lost tn 

developing. It may be of tntesest to note that 

four was found to be the optimum number of workers; 
~---- -· 

two at the balances~ one at the spectrograph, and 

one combtntng the work at the microphotometer, and 
I 

i..n the darkroom, 

/Operators ...... 
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Operators changed positions at l.east four times 

a day to prevent undue tediumo 

The lines chosen were Cu 3274c0, Co 3453.5, 

Nt 3002 and Au 3222.8, and one of the sets of 

working curves used Ls given on page 81. These 

were transcrtbed onto the concentration sl.Ldes of 

the Respactra.caLcuLating board, and the results 

read off directly.. The method was restandardised 

whenever a new batch of a dozen boxes of plates 

was opened, but the curves, however, vari..ed very 

little. ALL plates were kept under refrigeration 

except the box Ln use, and one other~ Thls spare 

box was kept at ambient temperature, so that when 

one box ·Nas finished there was no delay waiting for 

pl.ates.to achieve room temperaturea 

The method was used on approxtmately three 

thousand sotl sampLes" and chemlcat checks were 

made on every fiftieth sample, In general these 

agreed to within 3Q%, although in some cases the 

vartati.on was much greater. In the author's opinion 

these wi.de fluctuattons were due to sampli.ng errors 9 

as th.e samples were of the order of -100 mesh, 

dependtng on the procedure adopted i.n the field, 

and tndaed, in some cases, roots, and other organic 

matter were found. It was not considered economtc 

to recrush the samples, as the sampl.Lng error i.n 

the field were held by those tn charge of the 

tnvesti.gaton~ to be considerably higher than those 

encountered ln the laboratoryc 

/Vlhen ••• 
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. Vfh.en a stgnlficant peak was obtained, another 

sample was taken in the Laboratory, and repLtcate 

anaLyses were made. 

The contour maps obtained from these 

anaLyses were satisfactory; and a·deposlt was 

discovered~ though whether it was of economic 

. ::;'!..gntf'icanca or not was not disclosed .. 
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Flgure..l§_ 

The graph of (1) Cu~', (2) Co% and (3) Ni.% versus 
I c .. ?74 I ::o 3't53 I ... \ I F L 3\)02 ( 1) log t u JI2/3 (2) Log ;'_·_··-Au "tf"]3 a.nd \.5) Log I Au 3123 
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4., i General .. 
~1··· 

The invotatiles of interest to the 

laboratory were Be, Ge, Mo, Nb, Ta, Tt, W and z~ 

The platinoids were not sought quantltativety, 

as they were rarely, if' ever, detected i..n ores .. 

Had they been detected quantltattvely~ there 

would have been immed'i.ate LnvestLgatLon by chemical 

assay procedures, so there was little support· for 

deveLoping quantitative spectrochemical methods 

for these elements. 

Chotce of internal standard,. 
-· . -!J-~ 

13 
Hawley and MacDonaLd (1956), using a 

Stall..wood jet, determlned Be, Mo, V, Zr, and 

other eLements.? using SrCO as Lntcr·nal. standard. 
3 

Sever'al gro1..U1d state· l Lnes were used over wide 

concentration ranges, as the removal of the 

outer, flame-Ltke, shell.. of the arc greatly 

reduced self - absorption. For the present 

method Sr was not, however,·constdered a very 

· sultable internal standardJ as Lt occured 

naturally Ln many of the samples received .. 

19 
Ahrens has used Pd as Lnternal standard 

for 'the determinatlon of severaL lnvolatlle 

eLements, the samples belng mlxed with graphlte 

contatntng the internal standarde 

/A modiftcatton ...... 
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A modi..ftcati..on of thls procedure was used at the 
19 

Department of Geology and Mi..neralogy, Oxford 

where one part of sample was mixed wi..th two parts 

of graphi..te contai.ntng 0.015% (JN'R ) Pd (NO ) !) 

4.3 3 2 
Pd 3421 .vfas the lnternaL standard llne .. 

14 
Htrst and NlcholLs aLso used Pd as internal. 

sta.:ndard for the deter.mi..natton of V1 Mo, Be, and 

several other elements tn li..mestones .. 

Cyanogen band suppresslon cap be effected 

by the addlti..on of aLkali.. metaL salts to the arc. 

'fhese 1 however, keep the temperature of the arc 

relatlvely Low~ so that many refractory materials 

are not exci..ted untll the alkali phase of the burn 

Ls fi..nlshed. In the ru1alysi..s of refractory elements1 

i..t can therefore be expected that the CN bands wiLL ! ? 

tend to be dark: when the element has been volati..ltsed .. CNOO.j · 
For' thts reason analysts l tnes were chosen as far 

on the uLtravi..oLet si..de of the CN band wlth head 

at 3590 A as posstble. It was posslbLe to ftnd 

llnes for all the elements, of sufflctent senslti..vlty 

for the Laboratory's requlrements, and wlth wave­

Lengths beLow 3200 A7 Most workers ustng the Pd 

internaL standard methods used Pd 3421, but ln the 

present lnvestlgatlon thts appeared to be ln a part 

of the plate wtth a ve}."Y hi..gh background, and lt was 

dectded to try to flnd another element, posslbly Less 

voLatile than Pd, and wlth Llnes in a more suitabl.e 

part of the spectrum for the analysts Lines chosen. 

/The other.., • ., 
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The other conditions governing the cholce of 

internaL standards, given t.n 2.1, had aLso to be 

considered, e. g. the posstbi.U.ty of mutual 

occurence ln detectabLe, or at least significant 

concen tra t tons. 

Platlnui-n seemed to be a suitable lnternaL 

standard from most cons ide rat tons.. It had the sarne 

order of boiling polnt as the el.ements to be 

constdered (as shown ln Table 3), was unlikeLy to 

occur ln detectabLe concentrations ln the vast 

majority of samples, and had two suitable Llnes, 

Pt 2659~44 and Pt 3064c71~ 

The lines used, and some other data are 

gi.ven in '!'able 3 on page 85.. UnfortunateLy it 

was not possible to find the excltatlon potentials 

of al..L the Llnes Llsted ln standard reference works 
90 

eog. Satdel, Prokofjew and Raiskl but- those 

available :have been tabuLated.. In severaL cases 

(notabLy Be) the normal anal.ysis lines have not 

been employed, be.cause, in generaL they were too 

li 
I 

) 
strong for the average sample recelved for analysts,. 

These cholces wi.ll be dlscussed 1.mder the subsections 

deaLing wtth individual. eLements~ 

/Table 3 ... Q 
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I
I 
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m"pt 1115 
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I 5100 

~~m, pt 2130 
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12816.15 
I 
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\3039 .. 06 
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12972..8 
I 
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100 
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1000 
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2908 .. 91 150 

d. I 
l 
I 
13185" 40 
.. 
I 
I 
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12571o 39 
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500R 
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300R 
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7 .. 40· ... 

3 .. 96 

I 
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~: The botl.i..ng potnts of pl..atLnum oxldes 

are not gtvenll as they decompose Lnto plattnurn. and 

oxy·gen at tow temperatures, and the plat Ln. urn t s not 

added to the tnternat standard mtxture as an oxLde 

/Condt ttons,. o 
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Various mixtures were made of Pt tn 

graphlte, and, after arcing these, lt was declded 

that by mlxlng the samples and standards ln equal 

parts wtth graphite containing 0.1% Pt (uslng 

graphi.te mtxed wi..th the calcuLated amount of 

ammonlum chloroplati..nate) the Pt ltnes would be of 

sui.. table i..ntensi.. ty., 

As tn secti..on 3o3 an "exposure platen 

was tal<:en usi..ng 1% of the eLements to be determi..nedo 

It was found that ustng 20 mg of sampLe - i.nternaL 

standard mtxture~ the Lines were of tnslgni.ftcant 

i.ntenstty (transmission of over so%) after 5 seco 

at 5 amp.,. folLowed by 25 sec., at 15 amp.H However, 

tt must be remembered that tf strong concentrations 

of alkall metals are present, these mlght take some 

tlme to be volatlltsed, wtthout affecting the 

refractory elements and compounds~ It was therefore 

dectded to arc to completton, but thts only took, 

·more than 30 = 35 seco tn the presence of htgh 

concentrattons of alkali.. metals. 

The eLectrodes used we.re Untted Carbon 

Products 101L and.Nat'Lonal Carbon L4036, as the 

shallower :!.01 L gave htgher temperatures and faster 

exposure·s than the electrodes used tn sect. ton 3 .. · 

Otherwtse the plates and developlng procedures 

were the saJne .. 

/Tungsten., .. 
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91 
Scoble (1943) determined tungsten in 

ores and aLLoys by dissolving the sample, adding a 

soluble aLuminium salt, and coprecipitating with 

Nafco3c The mtxed oxides were burnt on graphite 

electrodes at 15- 17 amp •• Visual comparison was 

then made with W 2.896 in synthetic standards .. 

A detection U.mt t of 2 p. p.m. was obtai..ned with 

thts form of chemi..cal enrichment. 

92 
Wilson and Fields (1944) also pre-enriched 

the tmLgsten from schtsts by dissolving in an 

HF/rsso4 solution, adding a soluble titantum salt 

as carrter, and precipitating wlth tannin, phenazone 

and ctnchontne.. The igntted restdues were then 

made into peLLets with (NH ) SO ! and arced on C 4. 2 4_. . . . 
etectrodesa W 2948 was the analysts Line used, and 

vtsuaL comparisons were made with synthetic standards .. 

A detection Llmlt of 0.7p.p.m. was reported. 

93 
Kaufman and Derderian (1949) determined 

• 
tungsten tn Low.,.·grade or·es, wi. thout chemicaL pre .... 

en:r't.c?;tunento The sampLes were mtxed wt th an equaL 

weight of AgCl., aJ.l.d tgnlted to completion tn the 

dQco arc. A hlgh dispersion grating spectrograph 

was used, and tt was found that Fe4294.1 dld not 

tnterfere with W 4294o6 unless the quantity of 

trcn present was tn excess of 5~ F~'S." 
~ - • "!''9:..·~ 

/A detectlon., .. o 
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A detectton limit of as littLe as 5 p .. p.m .. was 

reported, and if theW was tn excess of 500 p.p.m. 

StO had to be added to brtng the concentration 
2 

beLow thts LeveL~ 

94 
Sergeev (1947) empLoyed tungsten's 

magnettc properttes, to draw W atoms seLectively 

into the arc. Horizontal electrodes were used, 

mounted over the powdered sample.. When the arc 

was started the specimen meLted, and a magnet 

placed above the arc axts caus·ed the W atoms to 

diffuse upwar•ds and become exci tedo The background 

was said to be negligible ustng thts method, and a 

detectton limit of 10 p .. p.m. W tn powdered rock 

samples was obtatned. 

95 
Ahrens (1943) used St as an internal. 

standard for· determtn tng W tn htghty stl. tceous 

ores.. Although St ts compartttvely volattte 

compared to W and tts carblde, the method was 

successful., as the tungsten was present·as WO 
3 

whl<:~h ts easily subllmed.. 6 - 7 amp .. anode 

e.xcttatton was used, and a coefflcient of vartation 

of ± e{o obtained. 

The strongest W ltnes are W 4302 .. 108 (60)g 

w 4294~614 (50) and w 4008.753 (45)o 

/Ustng~ ... 
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Ustng quartz the dtsperston tn thi.s reglon ts bad, 

and the background t.s somewhat hlgh.. W 4302 was 

affected by lnterference from Fe 4302.2(50), 

';t'l. 4301. 9 ( 25), and backgromld from Ca 4302~ 5, so 

thls llne could not be employede W 4294.6 was 

practi..cally masked by the Strong i..ron li..ne Fe 4294.128 

(700), and W 4008.753 suffered lnterference from 

Tt 4008.928 (80).. Thi..s last i..nt~rference ~ad 
96 

already been noted by Brlntztnger and Tttzmann 

(1948)~ when ustng W 4008 .. 7 to determi..n3 W ln slags. 

They stated that a spectrograph of hi..gh di..spersi..on 

was necessary lf thi..s llne were to be used. 

Unfortunately, durlng most of thls work, only 

quartz opti..cs were available, so that all the 

strongest W llnes were lmpracti..cableq 

Mtxtures were made of 1% and 0.1% W tn 

g:raphlte, and, on lnspecting the spectrogram:; and 

checklng the best avatlable llnes for tnterferences, 

W 2663.83 appeared to be the most sultablea A 

composite of the samples submitted for W ·analysts 

was 2.nalysed spectrographi..cally$ and l t was found 

that the approximate matrlx compositton was·30% 

CaCO ; 30% sto :~ 30% MgO and 10% Fe 0 • 1m. arttflctat 
3 2 . 2 3 

matrtx. of tht s comp.osl t ton was then made. Thls 

mtxture wlll ~ereafter be referred to as Matrlx 3~ 

Standards of 3, 1, 0 .. 3, 0.1 and Oo03% were then 

made i.n thts mlxture, and .Method C, whlch wtll be 

descr'Lbed bel.ow, was applled .. 

/Method c ..... 
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METHOD C. -

Samples and standards were mixed 1 : 1 

wtth graphite containing 0.1% Pt (made by using 

. the calculated amount of ammonium chloroplatinatej 

and dry grinding with increasing quantities of 

graphite, until the correct amount has been added). 

Approximately 20 mgo of this mixture was packed 

lnto United Carbon Products 101!.. electrodes, and 

arced at 5 amp •. for 5 sece (to prevent sample 

ejection) and 15 amp. to completion. The totaL 

exposure rarely exceeded 30 - 35 sec, ~mless the 

sampLe contained high concentrations of alkali. 

metals. The cathodes were Natlonal Carbon 14036 

counter~eLectrodes. The other conditions (wave­

Length range, plates, developement, etc.,) were 

the same as for Methods A and B. 

The first step of W 2663 was compared 

with the thtrd step of Pt 2659. Background readlngs 

were taken on the tungsten Line, and the necessary 

COi"recti..ons made on the Respectra calculating board • 

. The working curve obtained is given in Figure 17 (1). 

Surprise was felt at the comp.ositlon of the 

composite sample, as most of the individual speclmens 

were concentrates from ari ore body containing 

Vlolf:railil.te tn a gangue mainly consisting of pegmatite .. 

/It was. ooo 
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It was therefore declded to investigate the effect 

that mlght be produced lf future samples should 

arrive containing a much higher silica contenta 

Standards were therefore made in pure Si..O , and arced 
2 

.using the same procedure. The working curve obtained 

is given in Flgure 17 (2)e It wiLL be seen that the 

ratio ls enhanced when CaCO and MgO are present, 
3 

al''l.d depressed when only si.L lea is present. A watch 

was therefore kept on the sto content of the samples, 
2 

but the matrlx was not found to vary signtflcantl.y 

from Matrix 3.. Thts was possibly due to the 

concentratton techntque employed, or the samp!.es 

might have been taken from the edge of the depostt 

where there were carbonttite .i..ntrustons. 

The results for the tungsten analyses are 

gi.ven on page 130. As was the case for tin, the 

samples received were for arbltrati..on betv~en 

two Laboratories, and the chemical resuLts could 

not be considered as accurate. It wr:.s therefore not 

posslble to calculate the accuracy of the method. 

A·better Jnaterial balance was, however, obtained 

wt.th the· spActrographi.c· results, than wi..th the 
I 

chemtcal. flgures, i.n the ore dressing experi..ment 

i..nvolved.. ·rhree samples vrere analysed ten times 

each, and the coeffi..ci..ent of variati.on was calculated 

to be -t 9% .. 

/BeryL l tum.,,$ .. 
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Fi.gure 17 

I 'rf 2663 
f Pt 2659 

(1) ln Matrlx 3, (2) ln slllca. 
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Beryllium has Lately become increasingly 

important in nuclear and other industries. The 

production of pure Be, however, entails very 

severe health hazards, and many papers have been 

written in recent years on the detection of.traces 
97 

of Be in air. Landis and Coons ( 1954) ashed .fine 

filte~ paper/air samples, added Ba Ct , and arced 
2 

at 16 ampo for 2 seco after the end of the Be 

volatili.sation phase., Vlorking on the same problem, 
98 

Churchill and Gillieson (1952) sucked the air 

to be. sampled through a source·chamber, in which 

a ·spark passed through Cu electrodes~ The analysis· 

line Be 3130.4'was measured by a photomultipli..~r 

ceLL, and the whole apparatus could be wheeled on 

a trolley. Concentrations dovm to 0.5 micrograms 

of Be per cubic meter could be detected; 

Many papers also deal wtth the effect 

of the matrix on the determination of Be ln oreso 
99 \ 

· Fesefel.dt ~ tn 1929, found that Na CO weakened 
. . 2 3 

the Be U .. ne intensity, whereas CaO had no effect .. 
100 

Kemv.la and Rygtelskt (1933) found that there 

was an inverse correlation between the tntensity 

of the Be Ltnes and the iontzation. potetftial of 

the major matrtx constltuent. 

/However., o o 
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101 
However Marks and Jones (1948) found that the 

tntensi..ty of Be 3321 was not affected by matrtx 

vartati..ons. A mlxture of CaCO and graphtte was 
3 

used as a buffer, and the samples were arced to 

compl.etton ustng a constant current arc, matntatned 

by an automatic current reguLator; Gol.dschmtdt 
102 

and Peters (1932} aLso found that the intensity 

of Be 2348 remained constant tn quartz, aLumina 

and ottvtne, for the same Be concentrattone 

Be 2348 .. 61 (2000R) 1 Be 3321.343 (1000r);, 

Be 3131.072 (200) and Be 3130o416 (200) are the 

most commonty empLoyed l.tnes for Be anal.ysts,. 

Tl1.ese l tnes were. all. too strong for the present 

investtgatton, as Be ts of very tittle interest 

in the mtntng tndustry unless present tn concentrations 

weLl tn excess of 1000 p.p.m.~ by whtch level the 

strongest lines are very denseo Be 2650 was found 

to be of sultabl.e lntensi..ty.~~ and conveniently close 

to Pt 2659 .. 

The be ryl.l. tt.un samp l. e s v.re re from two 

so·ctrcess both hi.ghl.y stl.tceou.s, but one batch 

co:::-tt.atnLng considerably more cal.ci..um and tron 

than. the othero It was therefore dectded to 

make Be standards tn thl;ee matrtces. 

/calctum ....... 
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(a) calcium carbonate 

(b) Matrlx 3 (see page 89) 

(c) Stltca. 

These standards and the samples were 

then mtxed 1 : 1 wtth graphtte contatntng 0 .. 1% Pt 

and Method C (pa90) was used~ 

'rtLe worktng curves obtained are given on 

page 96, and tt wtll be seen that the curves for 

the sto and CaCO matrices were vtrtual..l.y 
2 

tdenttcal. 
3 

Matrtx 3 seemed to slightly suppress 

the Be U.ne, but the effect was very small. As 

t1at:rtx 3 contatn.ed lo% Fe 0 1 and the S8..11lples, 
2 3 

whtl.e contatntng s~me tron, were not as htgh as 

this~ tt was dectded to use the best curve for all 

three matri.(!es, and thls was the one drawn tn 

Flgure 18" 

Equoal steps of Be 2650.5 and Pt 2659.4 

were compared, and it was found that at thi.s regton 

there was no necesstty for background corrections. 

The na.mpl.es available for checl<:i.ng the method were 

not chemical standards, but assuming them to be 

correct, the accuracy (mean devtatton % from the 

chemt.cal resuLt) was t12.%. The reproductbtltty was 

calc·uLated by arctng one sample 15 ttmes, and the 

coefftcient of vartatton was + 10% 

/Germanium" •• 
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Flgure 18 

The graph of Be~f versus Log i Be 2650l5 . . P:t 2~59. 4 
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While germanium ts not involatile, it 

was always required in samples whos~ w, Mo, V, or 

Tl contents were also of irit~rest. It was therefore 

dectded to see if Method C could be applled '(or the 

det.errntnatton of thls element 1 so as to be abte to 

make simultaneous deter.mtnattons for whichever of 

.the other eLements was reqUired, 

When tnvesttgattng the geoch~mtstry of 
103 

Ge,\) Goldschmidt and Peters (1933) found that 

they couLd obtain a detection ltmtt of approxtmately 

1 pop~m .. with cathode Layer excttatlon. Very large 

r.athodes were employed, and the analysts llne 

Ge 2651 was only recorded durtng the early period 

of o.rctng., 

104 
Brttske and Varshavskaya (1948) 

determtned germ.antum in copper sulphide ores, using 

Ge 2709. It was fmmd that Ge tntenst ty increased 

wt t.h current, wt th an opt imu.m at 17 amps. A 

detoctlon llmlt of 5 - 10 p.p.m. was obtained, wtth 

a mean square error of 10 - 15~ .. 

105 
Saito (1951) alsoobtatned a detection 

l.tmtt of approximately 10 p$p.m. when tnvestlgattng 

tha Ge content of several mtneralso 

/The sa.mp l e s .... 
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The samples were mlxed wlth NaCl and applled to 

C electrodes" . Us'Lng an Lntermlttent d. c~ arc, the 

most sensltlve Ge llnes were Ge 2651.1 and 3039.1. 

Ge has also been determlned Ln ores by 
106 

Marks and Hall (1946) using a CaCO / graphlte 
3 

diLutton method, and in meteorites by Lovering, 
52 

Nichtpon<k, Chodos, and Harrison Brown • Coal. 

and coal dust frequently contain Ge, and many 

workers have developed methods for Ge determination 

Ln thts matrix .. 

To determtne possibLe matrix effects in 

ores? standards were agaln made in three matrices:­

(a) calclum carbonate 

(b) Matrix 3 

(c) sllica 

as for Be, and Method C was applled~ Equal. steps 

of Pt 3065 and the strongest Ge ltne Ge 3039, 

were compared. 

The worktng curves are gtven tn Figure 19, 

and tt wtll be seen that Ge is depressed by StO 
2 

as compared wl th pure CaCO , but there ls l t ttle. 
3 

dlfference whether 3o% SlO or 10Q% StO ts present .. 
2 2 

II 

/The samples .... 
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Th.e samples avallable for checktng 

the method consisted of two gro.ups, Ge 1, - s,. 

had been ~hemtcally checked in duplicate, whlle 
/ 

the second set had been chemlcally analysed by 

trtpllcate determtnatlons. Doth sets of samples 

conslsted of hlghly slllceous material. Assumlng 

the chemlcal results to be correct, the spectro­

graphlc accuracy (mean devlatlon ~ from the chemical 

results) was ± 14% for the flrst set, and ± 7% for 

the secon.d4 The increase ln accuracy 1 
... s probably 

due to the hlgher level of Ge in the second set. 

The results are glven on page 132. The overall 

accuracy for the 12 samples was ± 10%9 

One sample (contalnlng 0~18% Ge) was 

arced ten tlmes and gave a coefflclent of vartatton 

of ± 9% .. 

It wtlt be seen from Flgure 19, that 

setf~·absorptton starts at Ge concentrations of 

O·vel~ 0 "~ " 0 ... ,.,.,'()(, Thls ts not surprislng, as Ge 3039 
' 

ls a ground state llne. 
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Flgure 19 

The graph of Ge% versus Log 1 Gfl 3039 I· JR: 366~H 
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4 .. '7 Ntobtum and Tantalum .. 

Ntobtum was determtned tn tgneous rocks, 

batL"<l tes, and tt tan tum mlneral s by Flelscher, Murata~ 
107 

FLetcher, and Narten in 1952. The sampLes were 

mlxed wtth either quartz, or a quartz - Na CO mlxture, 
. 2 3 
and Nb 3163 .. 40 and 3194 .. 98 were the anaLysts Ltnes. 

No lnternal standard was empLoyed. 

Nb was also determtned tn low grade 
108 

ores by Thorne and Childs in 1953. One part 

of sample was mtxed wlth ftve parts each of TtO 
2 

and (NR ) SO 1 and thts mixture was pressed tnto 
4 2 4 

a pellet. Thts was then arced at 9 amp. between 

Cu electrodes.. Tt was used as tnternal standard, the 

anaLysts l tnes bei..ng Nb 4058 .. 94 / Tt 4052.94 and 

Nb 4100c92/ Tt 4145•05e Nb 4100.9 can onLy be used 

tf a relatlvety'htgh dtsperslon spectrograph ts 

aV'allabte, as otherwlse interference wtlL occur 

wl th Fe 4100. 7·o 

,..'\nether dtrect method for Nb determtnation 
109 

·was that of Ran!(ama and Joensuu (1946), who 

dtluted samples wtth.TtO, and mtxed wtth a 4: 1, 
2 

C : JhiaCl. buffer. After excttatton by a cathode 

layer method, Nb 4058 wa:s measured, and the ltmtt 

of detectton was 10 PoPgffi•e 

·;when .... 
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When studying the geochemistry of ntoblum 
' 110,111 

and tantalum, however, Rankama found tt 

necessary to employ a chemicaL enrichment technique. 

Niobium and tantaLum are becoming of 

increasing metalLurgicaL interest, and many samples 

were submitted for analysts. These were mainly 

from a pyrochtore deposit, where the matrlx 

consisted predomi..nantly of carbonatites~ ALthough 

the strongest Nb lines are Nb 4079~729 and Nb 4058.938~ 

neither of these could be used. As only quartz 

opttcs were avatlable, Nb 4079.7 could not be 

resolved from Fe 4079.8 or Tl 4079.7, and Nb 4058~9 

·was usetess, as manganese was always present tn the 

samples, caustng interference with Mn 4058.9. It 

was, indeed, found that most of the more sensittve 

Nb lines suffered interference from either Tt, Mn, 

Pa,, Ca or Mg~ so that resort had to be made to the 

reLatively lnsensttlve Nb 2928. A Nb deposit ls 

usuatly of economtc stgntflcance when more than Oo5fo 

pyrochlore ts present, so that thls ltne was not too 

we~k to be considered, as it would be ln a geochemlcat 

survey .. 

Analysts llnes were also difficult to 

choose for Ta, as the strongest U.ne Ta 3311.162 had 

c'.TI extremely high background from the 0{ band wl th 

head at 3590.4~ and Ta 2714.674 was very close to the 

strong lron llne Fe 2714.868~ 

~~-----~-~--~~---"~,,, .. , ___ ----- , ________ _ 
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It was therefore decided to use Method.C on att 

samples that burnt in the nor.mal manner, but when 

the colour and nature of the burn indicated that 

Large amounts of alkalies were present, the samples 

and standards were buffered with equal weights of 

Na CO c Fortunately very few samples were involved, 
2 3 

as, in general, the deposit was uniformly composed 

of carbonatltes. 

The Nb and Ta results are given on 

pages 133 and 134. on~ the ten samples, an accmraQy. 

of ± 16% was obtained for Nb if Nb05a was included, 

and ± 10% if this result was excluded. As the 

samples were not chemical standards, a deviation of 

more than six times the mean of the other samples 

would seem to indicate that the chemical result of 

Nb 05a was suspect. For Ta the accuracy was ± 12%~ 

Reproductbillttes were calculated from 

two samples that. were each analysed ten ttmes .. 

The coefftclent of vartatton for Nb was ± 10%, and 

for Ta ~ 11%". 



105 

r.t.gure 20 

The graph of Nb~~ versus log ~ ~~ ~b~~ ·for v .. · ·. Lous 
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Flgure 21 

Th h f T% L l Ta 2909.91 e grap o a - versus_ og __ 1 Pt 3065 • ?i 
for varldus matrlces. 
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4. 8 !10 t yb<;l~~:!!· 
I 

Many moLybdenum depostts are dtscovered. 

tn granltes, from whtch thts element ts freed by 

flne grlndtng and ftotatton. The spectrochemlcat 

determlnatlon of Mo has been studled by severaL 
. 112· 

WOl"ke'l''SJ In 1943$ Borovlk used Cr and Pt as 

tntemat standards tn the dete::rminatton of thts 
113 . 

element, and Carlsson ustng an tron/potasslum 

buffer dete:rmtned Mo and W ln ores. 

The effect of matrtx changes on the 

determtnatton of Mo was studted by Valnstetn, 
. 114 

Pavlenko and Belyaev (1957). Unfortunately the 

author has been unable to obtatn ~tther a copy of 

thts pubtlcation, or a detailed ab~tract, so that 

no descrtptton of· their findings can be given here. 

The two strongest Mo ttnes, Mo 3902e963, 

and Mo 3798o252 cannot be used~ unless spectal 

precaut'Lons are taken for the suppression o.f 

the cyanogen band wlth head at CN 3883. · Mo deposlts 

are rar·ety of economtc tmportan:ce lf the Mo LeveL ls 

not constderabty hlgher than 0.5% Mo. Mo 3170e347, 

whtch is fr-equently used, was ver-y strong and tn 

some concentrates tnterfe:r•ence was noted from 

Fe 3170.346 (10). 

/A suitable .... · 
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A suitabLe line pair for the determination 

of Mo was fou.nd to be Mo 2916 and Pt 2659.. No 

appreciable di..fference was found i..n the 

character'Lsti..cs of Ilford Thln Ftl.m Half Tone Plates 

over thi .. s range. The sampLes and standards were 

treated as tn Method c, and standards were again 

made in three matrices, (CaCO , Matrix 3 and StO ). 
3 2 

The work.tng curve obtatned ts gtven ln Ftgure 22, and 

it wtll be seen that there was no stgntf'lcant matrix 

effect. Equal. steps of Mo and Pt were compared, 

and backgrounds were not measured 9' unless they were 

unusually heavy (Less than 85% transmission). 

The resuLts are given ln 5 .. 20, and lt will 

be noted that for hlgh Mo values the results tended 

to be sttgl1.tly less than the chemtcal. figures. Thls 

could be due to either a sllght error ln the slope 

of the calibration curve, or a btas tn the chemical 

method. 

. The accun>.cy found \.Yas !,13;~. Two samples 

contatntng OQi9 and 0.077% .Mo were analysed ten times 

each, and tll.e coefflclent of variatton was± 11%. 
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Flgure 22 

The graph of tio~{ versus log 1 Mo 2816 ln vari..ous 
1· Pt 2659 

matrices. 
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· 4. 9 Van~dtum,_ Tttani.um and Zi.rcbntum, 

These three elements have been considered 

as a group, since vanadiUm is often recovered as a 

by.product from titanium minerals (e.g" the 

tltanlferous ores of the Bushveldt complex) and 

zi..rcon'Ll.lln. is atso obtalned as a by- product in the 

recovery of iLmenite from. rlver sands.. 'Zr ts also 

frequently fm.:md ln ruttle and sphene.· 

115 
Preuss (1937) detenntned V ln waste ore 

uslng cathode layer excltati:bn~ wlth Fe as lnternal 

standard. The l.tnes compared were V 3814 and Fe 3100, 

and an accuracy of approximately ±. 7% was obtatned. 

Thls method was also used for the detenni.natlon of 

V ln grapht teo 

116 
' V 3185 has frequently been used for analysts .. 

Young (1954) when lnvestlgatlng the V and Zr contents 

of sedlments, used the ltne pairs V 3185 Pd 3421 and 

Zr 3391: .Pd 342L A reLattve devlatlon of± 8.5% 

was obtained for V and ±. 14% for Zr. V 3185 was ·also 

at the tlme of used ln the present analysts, as, 
117 

tnvesttgatton, the author was not aware that Shaw 

(1. 958) h8.d dtscovered that thts t lne suffers lnterferencJ 

from Ca 31B5o38. The apparent change of V tntenslty 

wtth increased Ca concentratton ts iLlustrated in 

Figure 23" 

/Shaw ••• 
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The ltne patr chosen was Tt 3248 / Fe 3145" 
66 

Roubault and Stnsou compared Tt 3349 with Nl 3129 

when estimating several trace elements tn crystalline 

silicate rocks. 

120 
Sahruna ( 1946) determined V and Zr in 

109 
tltantte, using the method of Rankama and Joensuu 

Zr ts extremely difficult to volatlllse, and Hamagucht 
121 

and Kuroda found that the additlon of BaCt to 
2 

silicates cau3ed a more uniform entry of Zr into the 

arc~ When the Tl content of the samples is known, 

Zr 3438 can a!.so be compared with Tl 3242, and thts 

procedure has been followed at the Department of 
122 

Geology of Oxford University • 

In the present work, the lines used were · 

V 3185 .. 40, Tt 2956 .. 13 and Zr 2571. 39.. Thl s 1'l Line 

was chosen instead of the more intense Ti 4981.7, 

3653~5, 3361.2, 3349o4 and 3341.875 for several reasons. 

Tt 4981..,7 was not very strong wi..th quartz opti..cs, and 

the other l.lnes all had dark backgrounds from the 

CN bands wlth heads at 3883 .. 4 and 3590.4. Furthermore, 

Ti ts onty of economic interest, when present as 

Ilmenite in river sands,if the concentration exceeds 

app:ro:;~tmatel..y .. 9/o, so that there was no need to use 

the most sensitive lines. 

/Zr~ •• 
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Zr 2571~39 was chosen instead of Zr 4687.8, 

Zr 3438.2 and Zr 3391.9, as these lines suffered 

from the same disadvantages as the strongest Tt 

lines. Zirconium ls frequently recovered as a by 

product from ttmenite,but tt is of ttttte economtc 

importance unless approximately 0.$% Zircon ts 

present, so that optimum sensitivtty was not requi.rede 

Method C was used, and the standards 

were made ln the same three matrices as before, 

(CaCO , Matri.x 3 and Si.O ). Equal steps of V3185 
3 2 

and Tt 2956 .were compared wlth Pt 3065~ and the 

flrst step of Zr 2571 was compared wlth the second 

step of Pt 2659~ It can be seen from the graphs 

(F~gures 24 and 25) that zr and Ti. are depressed 

ln a pure Si.O matrl~ If the Ca content of the 
2 

samples was tow, they were mixed 1 : 1 wt th CaCO 
3 

before arcing, as with V determi.nati.ons¢ 

The results are glven i.n .PP 136-138. 

The accuracies were .-t:. 6. 4% for Ti., t1 (}1£ for V ~ 

and. :t 6 ., a;·~ for z r • 

/Two,. •• 
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Two samples were arced ten ttmes each for 

these eLements, and the reproductbil-tti..es were 

caLcuLated.. The coefficients of variation 

were .~ 6, 9~ for Tt, ± 9. 5% for V and ·f. 6 .. s% for Zro 

Some of the sampLes tn whi..ch Zr was 

determined "vere magnetic concentrates, so that tt 

would appear that the presence of large quanti..tles 

of iron does not affect the Zr method .. 
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Flgure 23 

The graph of V% versus Log j ~ 31ti 
~ t 3o -1.0 ,.., 
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Ftgure 24 

The graph of Zr% versus log f g ~·~~ 
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Ftgure 25 

I Tt 2956 
The grar•h of Ti.~ versus Log I Pt 3065 
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5 .. 1 Arsenic~ 

Table 4v 

Sa.l1p te 
.......... --·-... ··":"'-·'" --~~- .. --·-·-··--.. ···· ... ········--··--·--·-··- --·-··---- -·--·-··.:..~-------~-- ............... --·-·- ···--- .. -· 

1 . . ! 

j_. Arseni.c per cent ~~ Devtatton% 
I- •·•·-·-.. -·-···-•-··---····-··---···-- -·••··-·•-····---· • 

! j Spectrographlc i Chemi.cat j 

, .. :•e-.-t----·~*'""""--= ~-·-----·-+:-----~---
: 

i 
; As 1 
I 
I 

.! As 2 
I 
I 

1 As 3 
I 

I As 4 
I 
I 

\As 5 
i 

I As 6* 

! As 7* 
I. 
! 
1 As 8* 
I 
1 As 9~ 

\ As 10~ 
As 11 i 

i 
[As 12 

\ A.s 1.3 
I i -As 14 

·As 1s 

! As 16 

' As 1'7 
I 

' 
I 

As 18 

·As 19 
; 

A ')0 \ ,...s -

I 

; 0 .. 29 

0.18 

I 0.53 
I. 

0 .. 70 

0.52. 
I 
l 0.15 

l ('. 14 

' ·: 

0.,04 

Oo19 

0.07 

i 0.30 
l 

' 
i Oc• 78 
I· 
i 
; 

L 10 

Oi30. 

0.21 

0 .. 42 

0.51 

o .. 67 

I 

1 
I 
! 

I 
I 
I 
I 

I 

i 
I 
I· 
I 

' 

0.25 

0.13 

0.34 

0.57 

0 .. 77 

0.40 

0.18 

0 .. 21 

Oo07 

0.18 

0.08 

0 .. 26 

0.45 

0.86 

0.95 

0.17 

0.39 

0 .. 51 

0.63 

i 
' i 

I 
I 
i 
' 

16 

38 

18 

7 

9 

30 

17 

I :: 
I 
I 6 
I 
i 

I 13 

! 15 
' 

9 

j 9 
l 
I 
l 16 
I. 

i 
! 20 

24 

8 

0 

6 

I 
I 
i 
I 

i 
I 
I 
' 
' i 
i 
I 

! 
I 

I 
! 

! 

·----------------·------

/So 2 .Anti..mony.,." 
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Tab'l.e 5.---

Sample· I Anttmony per cent JDevtatton% 
! I 
}"'······-···-·-······ ------~-----~-~-~,.·--· '' ... ········- --·--··-·-··-··--~--

: Spectrograph'Lc: Chemtcal 
I 

·~-~-t·-"- .. -·-~-·-----,.·--------1 
I . 

4p5 5.6 20 

44 

32 

27 
i. 

' t 
l 
! 

o. 65 I 
I 
I 

0~63 l 
0.47 l 

I 
i 

0.93 

0.15 

1. 7 

47 

30 

24 

0.72 

0.53 

0.45 

0.89 

0.22 

1.5 

7 

7 

13 

10 

19 

4 

t 4 

32 

13 

·------· 

A dltutlon technlque was used for 

samptes Co:tl.';.:ai.nlng over 10% Sb. 

/5. 3 Ph0sphorus •• r 
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5. 3 Phosphorus .. 
I --::::AJ4ied 

Table 6. --
I ------ ··-· -···-'"· ----------~,- ··-·. . ···----------- -- ····----- ······------. --------·-···--; --------··---------------- ··~ 

I Sample l Phosphorus per cent i Devtatton % ! 
I 1-------- -- ----------- ----- ----- ---------i- --------- ------------------ ---i ! 

I l Spectrographlc: Chemtcal.. 1! i 
I i 
f.· .-c--.. ·-'~· .., -··- -~ 
I I 
I P 1 12 13 8 ! 

I
I P 2 1. 4 1. 5 1 l 

p 3 3.7 4.3 1~ 1 

p 4 11 I 11 0 I 
1. 6 

L3 1. 0 30 
:1; 1. 6 0 ll 

I ~:~0 i :: I 
o. 65 1 11 1 

p 9 

0 .. 40 

0.65 

p 10 0.57 

p lt 0 .. 24 

p 12 2.9 

p 13 1.8 

p 14 0.48 

p 15 12. 

p 16 1. 3 

p 17 

! 

I 
! 

I 
! 
I 

~: :9 \ 2~ I 

I 
I 

18 

0.46 4 

10 2.0 

1.0 30 

6. 4 2 

P iS 
I 

p 19 

8.0 

9.2 

1. 5 I 

6. 9 16 

8.8 4 

L3 15 
i 
; 

·-c.:::..........,_ _..,.. .. ~-~==-•-=---------.:.----------------

/5.4 Bari..um" .. ,, 
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Tabte 7. 
~ . 

. I-·----·-···-·-·-----···--·----·· .............. -""----· l . i ·- ---~- .. ·-·--.. --. --......... . 

, Sampl.e ~·----~-~~tum -~er..-:_e~~---·--·-·-·. ·--~~nevi.ati.on % 

I 
I 

r-;:-·; . Oo 52 Oo62 I 15 l 
I . I i 

Ba 2 0 .. 21 I Oa 17 li . 24 I 
Ba 3 0 .. 046 ·I 0. 050 

1 
8 

l . 
I 0 .. 099 Ba 4 o. 079'. 20 

Be. 5 0 .. 14 ! 0 .. 11 27 

! o~ 70 17 I 
~ l I 
i._" __ , __ .....,. ~...__ . .....__..__ _ _..._.~-------------!.. 

Ba 6 0.82 

Table 8. 
~.--.:.-

..• , __ • .,...,..,.~-- ·--·-·__..,_,.,.,...__ ... _. ___ .......... __,_ipo4>~-·r, ----·-

1 Sample t···---~~~~~~~--~e~~--~~-~-~---·- __ 1Devl.atton ,r, I 
I Bpectrographtcl Chemtcal . l 
~ .... ~~t"--"l'"'.: ....... ·.~~ ......... ~~......__.... ........... ~- ! ---......... .... I "'>I ! I 

?. nt 1 !i o .. 15 1l o. 20 25 ! .. 
l' B. P. '), • ~ 0 e 0 91 . 0 oo 0 8 6 6 

I to ~. '1:· r nt 3 
j 

I Bi. 4 
~ i 

0c074 o.oes 13 

0,053 o. 061 11 

l Bi. 5 \ 0.032 0.022 9 

! . 
t ... -.. .............. -~~...,,.:.--------.:...--·---·;..._;__ ____ ..... 

/5. 6 Boron ••. 
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5. 6 . Boronc 

TabLe 9. 

I Sam-p-Le--. ·---···~-o-~~: -~-~~--~en t lne~~~-t t-o-n~~ 

j· ;-p~c~~;~r~p~t~T ~-;;;,.t;~l--~ ] 
~--1----~----o·.--34----~l ----o-.-3-6--~~----6----~ 

B 2 o. 14 o. 18 I :&'2 

B 3 0.46 0 .. 40 II 16 

IB 4 0.60 0.45 33 

I B 5 o. 19 0.17 I 

I 

B 6 

B 7 

B 8 

I 0.24 0.23 I 

o. 27 o. 29 1 

o.8t o.8o I 
I 

12 

5 

7 

1 

I B 9 
I o. 77 o. 80 I 4 

i 

I B 10 
i 

0.13 0.15 
I 

13 

I 
~·--------~------------------------~----------_. 

The boron sampLes conststed of two batches, 

B 1 - 5 and B 6 - 10, whtch were anaLysed on 

dlfferent occaslons. ~t wlLL be seen that the 

accuracy for the second set ts much better than 

for the fi.rst$ the reason for thls ls unknown, 

as the sampLes seemed slmll.ar. 

/5.7 Chromlum ••• 
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r-·-· ........ --- -·-··--;-; -- ··-···-····-- -·-· .... ··-- . ··<'-- - -··· - • . -- ............... -·--

, I I 
! Sample · Chromtum per cent ! Devlatton % 

1- ···---·--··--·--- -·· ······-- ·-·-·-·-··--· --··---} 

I Cr 1 

I Cr 2 

j Cr 3 

Cr 4 

Cr 5 

l Cr6 

I Cr 7 
I 
I Cr 8 

Cr 9 
I 

1 Cr 10 

I Cr 11 

Cr 12 

C:r 13 

Cr 14 
I 
!C~c 15 

l Cr 16 
I 

I c ~_,_·7 i Jr 
I 
j Cr 18 
! 
Cr 19 

Cr 20 

;spectrographtc! Chemtcatl 
. I 

32 

23 

13 

23 

7.2 

32 

27 

22 

16 

25 

12 

. 22 

2.3 

11 

9.8 

8.7 

15 

23 

19 

8. 2 

i . 

i 
t 
' ! 
I 
l 

35 

29 

25 

20 

7~3 

28 

27 

24 

17 

27 

12 1',: 

20 

21 1 

10 ! 
i 

9.,9! 
j 

9.0! 
I 17 I 

I 
20 

i 

20 l 
l 

9.,51 
' 

9 

21 

48 

15 

1 

14 

0 

8 

6 

8 

0 

10 

10 

10 

1 

3 

12 

15 

5 

14 

·---------~-----------~--------·-----

/5~8 Copper and Ntcket.o. 



1 Cu 8 
I 
i 

Cu 9 

Cu 10 

I Cut--It 1 

I CuNt2 

CuNt3 

I- o. 001 

: o .. oot 
! 

i 

i 

0.004 

0.003 

0.002 

0.003 

·I o.o7 
I 0.21 

0.42 

0.30 

0.24 

0.20 

0.22 

0.50 

124. 

Table 11. 
~--,_ 

I 
I 
! , t 

I 
I 
I 
! 

! 

l 
I 
l 
l 
' 

I 
i 

i 
I 

I 
I 
I 
I 

0.001 

0.005 

0.001 

0.005 

0.005 

0.003 

0.003 

0.002 

0.07 

0.18 

0,.49 

0.19 

0.20 

0.20 

0.21 

0.58 

I 
i 

I 

I 
I 
I 
i 

0.50 

0.63 

0 .. 70 

1.10 

0.61 

o. 80 

o. 70 

0.61 

0.30 

0.20 

0.16 

0.02 

0.03 

0.03 

0.04 

0.50 

0.59 

Oe54 

0.67 

0.55 

0.67 

O.e:i1 

0.37 

0.11 

0.12 

0.09 

0.02 

0.02 

0.02 

0.02 

/5.,9 Lead ••• 

I 
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I . 
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5. 9 Lead. -
}abte 12 • 

. ~-------..........,._. 
i i 
i 

I -,-------~·--:-

1 Chemical Pb% j Devn % I IR.esults i Sa:rnpte (1) ResuLt-s (2) ! 

I 
i ' --------~--------~------------~j--~-------- I 

! 0.0068 j 5 I Pb 1 0.0028 . i 0.0071 ' 

I Pb 2 0.068 0.062 I . 
0.0012 1 Pb 3 0.0060 

' I Pb 4 0.021 0.11 

I ! 
r o.058 I 7 
I I 

0.0067 l 10 
1 

0.11 0 
l 
i 

0.0026 0.014 I Pb 5 

I 
! 
i Pb 6 Q, 002'7 0.0060 
l I I 0,0021 0.013 ! Pb 7 ' ! 
I I I 
! Pb 8 I 0.0028 0.025 

C.011 27 

0.0048 25 

0.016 19 

0.024 4 

I Pb 9 l 0.0050 0.047 
l 
' 

0.042 12 

1 
' 

!"~·-·-· 
i 

ResuLt (1) were those obtained ustng 

an internaL standard mixture of cadml~n ln graphlte. 

ResuLts (2) were those obtained using 

an tnternaL standard mi.xture of cadmlum tn 2 : 1 

Lt CO : graphtte. 
2 3 

/5. 10 Ca LctU.Jho ~ • 
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Table 1.3 .. 

....... ~ ~-"-·--··· -- ~, 

I Saritple 
I j j I I 

! l 1 Ca 
I 

tCa Spec Chei!'lrno 1 Devn :Mg Spec Mg Chem: Devn~ I j 

,. . i % ! ~ l % : % % i % 

~---+-~- l 
! ~-.e: 

1 ·I I 
~ ~·r;; ! 1 8 i 1 7 I 6 0 .. 65 0 .. 60. 8 i 
~-~a J, ~ . I Q ~ & j 

'Ca2.1~ l ' :1s2 3.3 i 3 Os92 0~99 l 7 

lca3., , I 
I I 

l 

3~1 3"3 i 7 0~88 0.93 I 5 
l 

Ca4~ 2~ 6 2~7 
i 4 ' 0.75 0.69 • 9 I ! ! I 

! I l 5o3 6 ! 1 .. 7 1 .. 9 11 Ca5 5~0 I i I I 
! 

(a6 3 .. 6 4<>2 114 i 2.5 2..,1 I 19 ; 
i 

i I 

! 8 i l 

1

ca7 7 0 1 6 .. 6 

Ito 
l3o0 3.2 i 

8 l 
'c Q 1-.8 J.O 1 .. 0 ! 1 #ac, l 0 .. 95 I 5 I I I l I 1Ca9 . 2 .. 1. 

I I 1.8 i 17 I 0.97 I Oc89 I 9 I [11 
! I 
I ! ' 

~ca10 ~ 1 2e8 i 0.,65 i 0.55 I 18 "'-' -:; .. I I 

113 
I ; I l I 

j 
I i !Cali 2., 'I 2 .. 4 I Oc86 Oo70 I 23 ! I l I i ! ' 

I ' I 
; 

' I 
I 

_....._.......,, .. __ _, __ ~-~:'l->-•"..t.~:..,..,.__.,_.._:_ --~~--- __ . _ _,..,._~-~,.-----.... ----· 

''These samples were ln a desclotztte matrtx. 

I 50 11 I rono 0 .. 
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Table 14., ...... ~,___~ 

-~---r--~-. f ' I --:-----....,----·--.._......, 

Sample! Mn % j' Mn % 

1

1 Devn %' Fe % Fe % Devn,. % 
1

1 

l Spec., Chelll't.. Spec. 
1 

Chem .. 
i I . .....-~ I ~w -- -·· 

o .. 21 1 o.19 1o 5.o I FeMni 

0.10 II 0~12 8 10 ' 

Oo34 0.36 5 6.2 

FeMn2 

4.8 

9o7 

5.5 

FeMn4 0.41 Oa38 8 12 12.6 

FeMn5 0.57 0.50 14 6 .. 1 5 .. 9 . 
I 

FeMn6 0 .. 46 0.42 10 1.2 1· 1.a 

FeMn'l 0 .. 21 0.25 8 9.0 9.3 

FeMn8 0~23 0.20 15 3.1 3.7 

Fe.Mn9 0 .. 70 0 .. 60 16 9.1 8.9 

4 

3 

13 

5 

3 

7 

3 

14 

2 

FaMn10 0.31 0.35 11 7.0 6.8 3 

1

FeMn1 i o. 27 0 .. 29 8 3. 9 4 .. 2 7 I 
IF eMn 1. 2 , 0 .. 16 0. 14 14 6., 5 7. 0 7 I 
I I I I 
·-,,---·-------......o....~--:....---~----~--------:· 

5.12 StronttU.!!to -
(t;:"~.ft!~ .. -,(:..r..~ 

Tabl.e 15., .......... ~----~ 

i- .4'~~----....... I. zcs:a .. -- ,-
~~~le Sr% Spec. Sr % Chemlca~ lnevtatton% 

Sr ·J .; 0 .. 21 0 .. 20 5 

sr 2. Oe18 0.16 13 

lsr 3 0,.27 0.19 42 
I 

lsr 4 0.16 0 .. 15 7 

lsr s o .. 14 0 .. 12 17 
I 
I 
jsr 6 0.19 o .. 17. 12 
I 
i ._i. !_....-.-:,..~ 
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Table 16~ 
lloUa ......... 

Sai1lpl..e % I Sn Chem. ~ 
! j 

Sn Spec" 'Devtatton % I 

Sn1 0 .. 31 0.28 11 

Sn2 0 .. 040 0.032 25 

Sn3 Oa40 0.31 29 

Sn4 Op36 'I 0 .. 46 22 

SnS 0 .. 32 0 .. 30 7 

Sn6 0.78 0.72 8 

jSn7' 0 .. 45 I 0~45 j 0 f i I I ! - ! ;, -.:.::~~:'" ..... ~ -
5.13.2 I!D.• Method c. 

r~ ~pe~~-~n% 
i Sn1 0,17 

lsn2 0.12 

Sn3 

1
sn4 

1Sn5 

1Sn6 

lsn'7 
I 
fSn8 

Sn9 
I 

!sn1C 
I 
!sn1 t 

\sn12. 
ls:n13 

0.30 

OG30 

0.24 

0 .. 02 

0~19 

0.12 

36 

24 

40 

Table 17. 
~: .. .c::::d 

Lab. (1) Snf~JLab. (2~ Sn% -

~19 1 tess than 0.05 

0. 08 I tess than 0 .. 05 
i 

40.60 

0 .. 12 

0.12 

0.10 

tess than 0.05 

u 

tt 

II 

If 

38.55 

26. 11 

15.86 

1 4o .. 49 lsn14 
' ~~-c._...._,..., --~---,-=-w_,,,_ ___ .;_l ----·.-w.,._...... 

I 
-~ 
I 

/5 .. 14 Ztnc .... 
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5.14 Z'l..nco 
~.:.~ 

Table 18o 
--...~·'1111 

~-~amp~e 1. __ Zi..nc per_ cent 

-~:ectrographtcl themi.cat 

~ Zn 1 1 0~27 Oa26 

I Zn 2 0.18 0.20 
l 

l Z:n 3 

·1 Zn 4 

i Zn 5 ! 

I Zn 6 

I Zn 7 
l 
l zn 8 
! 

' i 
! Zn 9 
I 
! 
I 

I Zn 10 
I 
I 7. 11 i ... n 

! Zn 12 

Zn 13 

ZTL "14 

Zn 15 

Zn 16 

Zn 17 

!Zn 18 
' 
Zn 19 

,Zn 20 

I 
:~- ... ----

0 .. 12 

0.25 

0.095 

0.087 

0 .. 026 

0.017 

0.011 

0~034 

0.076 

0 .. 26 

Oe33 

0.37 

0.057 

0.010 

0.021 

Oo 10 

0.076 

0.23 

o. 10 

0.25 

0.10 

0.079 

0.022 

0.018 

0.010 

0~032 

0.080 

0.022 

0 • .30 

0.40 

0.049 

0.010 

0.019 

0.095 

0 .. 074 

0.24 

j De vi..~ t ton % 

4 

10 

20 

0 

5 

10 

18 

6 

10 

6 

5 

1.8 

10 

8 

16 

0 

10 

5 

3 

4 

/5.t5 Tm1gsten •• o 
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5.15 !.ungst~ .. 

Jable 19. 

Lab:-(1) woffi 

w 1 11 11. 96 

w 2 9.0 9.09 

17.80 

15 .. 54' 

16.55 

28.41 

w 3 19 

w 4 

w 5 

vl 6 

w 7 

w 8 

w 9 

w 10 

w 11 

w 12 

w 13 

w 14 

VI 15 

V{ 16 

w 17 

w 18 

Vi 19 

I\!>! 20 

'V{ 21 

w 23 

w 24 

I 
I 
I 
I 
I 

17 

18 

34 

10 

8.0 

11 

24 

22 

6.1 

10 

16 

10 

29 

15 

8.76 

11 .. 00 

14.98 

20.96 

28.47 

5.42 

11.77 

18.63 

17.63 

27.00 

13.82 

l 
i 
I 

; 

'• il 
J• 
>I 
:i 
I' 
' 

o. 15 o. 14 l 

c.~ o.o& I · 
o. 06 o. 10 ~ . 

'1 
~ 

o.35 o.t6 1 
o. 10 o. 20 i 

" Ou 25 Oo 40 11 

~ 
~ 

0~04 0.04 ~ 
I ~ 

0 .. 13 0.07 ~ 
~ 

I Vl 25 

o. 11 o. 10 i 
0.15 0.15 ~ 

I• 

J 
'I{ 26 

w 27 

Lab. (2) WG~ .. 

13.1 

10.0 

20.1 

18.7 

13.1 

23. g 

9.3 

12.6 

12. 1 

23.0 

13.4 

5.0 

9.4 

12.3 

19.2 

32.4 

14.9 

0.033 

0.026 

0.053 

0.06~ 

0.096 

0.13 

0.022 

0.036 

0.066 

0-037 

0.075 

o· .. o1s I : ~: :::1: :::: I 
! w Jo 

1 

0.11 o.,14 I o.1c 

; vi 31 ·. o. 09 o .. o·~ ~ o. o21 

L~ 32 _1_ ___ ,~o-" __ o9_. ______ ~.1~___j__~[ 
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F
ple·~-, ~,. Ber;~ U.um per cent -, De:l-::ton ·~ T 

1--~ sp~-tr-;;~+~~~-~- l 
I Be ! 0.26 I 0.30 13 I 
Be 2 0~24 0~25 4 I 
Be 3 Oo18 Oa16 13 I 
Be 4 0.,15 0.20 25 

Be 5 0 .. 15 0.20 25 

Be 6 0.48 0.50 4 

1Be 7 0.37 0.33 12 

Be 8 Oo60 0.50 20 i 
I 

jBe 9 0.72 Oo75 4 
I 
I 
I 

0.80 0.72 I 11 I lBa 10 i l I I 
e 11 0.35 Os29 l 20 I I 

i I 
e 12 0.27 0.27 I 0 1 

14 
I 

13 0.57 0.50 ' I· I 

! ! t 
I 

I ! 
,;_.;~- ,._;a::W~-Z::'1..00..~,.::t<';l:hl..~~-

; __. :C::U::* ... ___ ,., 

/5~17 Germanlumc•• 
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Tabl.e 21.. 
-~ 

I 
I 
j 

Devlatton ~ SampLe ~ Germanium per cent 
~-···- ····-·· ···-······--~ ·--· r-·-····---:·--·-·-···-·· 
Spectrographlcl ChemLcaL 

~__......,_.~~ 

!Ge i Oo051 0.060 15 

IGe 2 0.026 0.023 13 

Ge 3 0.034 0.041 17 

Ge 4 0.017 0.02.0 15 

Ge 5 0.046 0.036 28 

Ge 6 o. 10 0.092 9 

Ge 7 0.2.3 0.2.5 8 

Ge 8 0.37 0.33 12 

, e 9 o. 54 0.45 20 

te 10 Oc 61 0.62 2 

Ge 11 0.,50 Oo50 0 

Ge 12. 1 0.,89 0.88 1 . I . 
J-. .. l 

/5 .. 18 Ntoblum ... ,. 
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Table 22.. 

r . -· Niobium per cent Deviation % SampLe 
. ..-..,...., .... ·;.;;;~ ---------···- ·-· 
Spectrographtcl Chemtcat 

1Nb01a o .. 31 I 0.33 6 

Nb02a 0 .. 68 o. 61 11 

1Nb03a 1.. 75 L90 8 

!Nb04a 0.14 0.14 0 

1Nb05a. 1.20 0 .. 75 60 

fNbL1c 0.32 0.35 9 

~'ibL2c 0 .. 76 0.64 20 

~bL3c 0.12 0.14 14 

N'bL4c 1..10 1. 27 13 

~TbLSc 0.22 0.28 21 

' 
'j 

.. .,._._"' ~- - .. 

In this case the chemtcal results 

were obtatned by paper chromatography, wtth one 

tn three being checked by gravtmetric methods. 

I 
I 

I 
I 

I 

I 

; 

/5.19 Tantalum~·· 
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5. 19 Tantatumc. ·--
Tabl.e 24 

SampL:---r- Tantatum per cent loevlatton% !·---------------------------' 
!Spectrographtc! Chemtcal 

r 
! 

'fa 1 0.062 
I 

Oo070 11 I 
Ta 2 Oo25 I 0.23 9 

Ta 3 Oo17 I 0.14 22 
l 

Ta 4 0.063 l 0.080 21 
I 

Ta 5 o. 20 I 0.30 33 i 

I 
1'a 6 Oo27 I 0.30 10 I 

t 

Ta 7 0.43 I ().45 4 i 
Ta 8 o. '61 I 0.59 4 j 
Ta 9 0.44 I 0.46 4 l 

I 

10 Os72 0.81 11 
I 

Ta I I 
I 

Ta 1.1 0.18 0.20 10 I 
I 

~: 
12 0.26 Oo25 4 I 

~ 

. I 

13 0.43 Oo50 14 

ra 14 0.52 0.50 4 

a 15 0.81 0.70 16 

a lG 0.79 0.75 5 

Fa 17 0.25 Oo20 25 
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·Table 23o ----
~--~:-=-~· 

Sample Molybden~~ per cent jnevtation % 
--·] .. 

Spectrographic Chemical 

i.Mo 1 0 .. 02.5 0.023 9 

Mo 2 0.039 0 .. 042 7. 

Mo 3 0 .. 20 0.24 16 

Mo 4 0 .. 21 0 .. 24 13 

Mo 5 0.59 0.69 14 

Mo 6 0.063 0.071 11. 

Mo 7 Oo30 0.38 2.1 I Mo 8 0.14 0.16 13 

I Mo 9 0.048 0.056 14 

Mo 10 0.,44 0.46 5 
I 
I 

Mo 11 0 .. 21 0 .. 22 5 
I 
I 
I 

[Mo 12 0 .. 074 0 .. 062 20 I 
I 

IMo 13 0 .. 024 0 .. 018 33 I. 
Mo 1LI. 

I 
0.009 0.009 0 i .. .. 

I 
15 0.02.3 0.015 13 

I 

Mo I 
I f ! 
i i : 
i.~~.::Z.-~~- --r·.lo~ 

/5.2.1 Titanium.~. 
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s. 21 Tttantum .. .,.,.,..._., 

~e 25. 

Sampte T tttantum per cent fnevtatton % 
sp~~~~-~~grapht~·r--ch~~~tc~-1.-·-·i 

-..---r I 
Tt 1 5~2 . 

Tt 2 1.7 

! 

Tt 3 

Ti 4 

Tt 5 

'Tl 9 I 
jTt 10 

Tt 11 

fTt 12 

E :: 
iT: :6 

fr~ 17 

lrr. 18 

I;~ 19 

I 
I 

l 

1..3 

9.2 

0.30 

0.17 

14 

8 .. 6 

0.87 

0.95 

0.47 

0 .. 43 

0.36 

0.33 

0.71 

0.77 

0.54 

0.11 

0.18 

I 
I 
I 
t 

I 
l 
I 
j 
t 
j 
' 

5.2 

1.9 

1.3 

9.3 

0 .. 34 

0.15 

13 

9.0 

0.90 

0.95 

0"43 

0 .. 46 

0 .. 33 

0.35 

0 .. 72 

0 .. 74 

0.51 

Oo095 

0.15 

I 

0 

10 

0 

1 

12 

13 

8 

5 

3 

0 

10 

7 

9 

6 

2 

4 

6 

15 

20 

I 
I 

/5o22 Van~dtumooe 
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5. 22 Vanad~~~ 

V4 

IV 5 

v 6 

V7 

jv 8 

v 9 

v 10 

v 11 

v 12 

v 13 

!v 14 
I 

tV 15 

!v 16 
I 

lv 11 

lv 1s 
i 
!y 19 
I 
IV 20 

! w• 

~e 26 .. 

0.69 

1. 2 

0.34 

0.78 

0.53 

0.91 

0.0<)7 

0.047 

0.049 

0.023 

0.071 

0 .. 25 

0.31 

0~57 

0.33 

o. 61 

0.82 

I 
I 

I 
I 

I 
I 
' ! 
I 

I 
I 

0.67 

1.1 

0.30 

0.80 

0,.50 

1.01 

0.091 

0.051 

0.050 

0.020 

0.065 

o. 27 

0.33 

0.50 

0.31 

0.55 

0.82 

10 

21 

.3 

9 

13 

3 

6 

9 

7 

8 

2 

15 

10 

8 

6 

14 

7 

11 

0 

' 

I 
I 
! 

/5.23 Ztrcontum ••• 
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5. 23 Zl rcontum .. 
~--=~~ 

Tabl.e 27 o 

I 

Sampl.e I . ~1_rcgplum per 9-~:..;;,.;n....,t __ -IDevlatlon % ! 
lspectrographtc Chemtcat I 

1·----+-t~·-----+-.---+----"· 
1 Zr i 8., 6 8. 9 3 

Zr 2 

Zr 3 

Zr 4 

zr 5. 

Zr 6 

Zr 7 

Zr 8 

Zr 9 

Z:r 10 

Zr 11 

lzr 12 

Zr 13 

Zr 14 

Zr 15 

fzr 16 

1zr 17 

izr 18 

lzr t9 

Zr 20 

lz:r 21 

lzr 22 
l 
IZr 23 
I 
i 

!Zr 24 

lzr .~5 
' 

5.5 

0.87 

0.91 

0.55 

0.38 

0.56 

0.18 

o. 21 

0.27 

0 .. 23 

0.31 

0.41 

0.47 

0.52 

0.60 

0.71 

0 .. 75 

O.o81 

0.85 

0 .. 93 

. 0.95 

0.17 

o .. 21 

. 0 •. 37 ! 
l 

5 .. 1 

0.90 

0.89 

o.so 
0.36 

0.59 

0 .. 17 

0.18 

0.25 

0 .. 23 

0.34 

0.45 

0.50 

Oo49 

0.51 

Oo70 

0.69 

Oo81 

0.81 

8 

3 

2 

10 

6 

5 

6 

17 

8 

0 

9 

9 

6 

6 

18 

1 

9 

1 

5 

0.90 3 

o. 99 5 . 

.o .. 22 18 

o. 2.0 5. 

0 .. 35 6 I __ ...,...__..._ _____________ ·---·"------· 
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Methods have been found for the 

spectrographi-c determi..nati..on of p~ As$ Sb, Ba, 
, 

Bt, B, Ca, Cr 1 Co, Cu, Fe, Pb; Mg, Mn, N'i.., Sr, 

Sn, Zn, \t{, Be, Mo, Ge~ Nb, !a, v, Tt, and Zr ln 

ores.. Four internal. standards are ernpl.oyed, Te, 

Cd, Au and Pt.. Both accuraci..es and coefftctents 

of vartation are tess than ± 15% for all. elements 

except Ba, with an accuracy of ± 19%, and As, when 

p:.'esent tn htghly stl tceous matertal.. 
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7. APPENDIXa 

THE CALCULATION OF COEFFICIENTS OF 

VARIATION A~D ACCURACIES. 

(a) Coefftctent of Varlatton. 

When n deter.mtnatlons were made on one 

sample, the result for the t th determi..natlon being 

xi ., the standard deviation a was calculated from 

the expression 

--where X:::: 

Cf:::: 

.,JL 
1 ) 
n t~1 

X· \. 

The coefficient of variation was then expressed as 

100 a% • . ~ 
·x 

Thls ls the standard method for calcuLating 

coefflctents of varlatlon, incorporating Bessel's 

correction for small samples. A descrlptlon will 

be found in most te~t-books on statlstlcs, e.g. 
123 

Horoney ( 1956). 

When the coefficient of varlatlon was cal-

culated from a large number of sets of duplicate 

determlnatlons on dlfferent samples, a procedure 

recommended by Professor Kerrich of the Unlverslty 

of the Vfitwatersrand was adopted. 

/Theo•••• 
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The distribution of the rangeR~ xN- xi' 

where xN and xi represent the largest and smallest 

values of a sample of n 9 has been investigated by 

Pearson and Hartley124• They tabulate the distribution 

of _g for samples of size 2 'f n ·:: 20 for a normal 
0' 

distribution with vartance a 2 

From the table of fractiles Wp of t.he distrib­

ution of range probablllties glven by Hatct1 ~5 lt 

can be calculated that the mean of the range 9 whlch 

wilL be called M(R) 9 for two determinations wllL be 

glven by lol2S. crx~ The coefficient of variation 

Ls LQO cYx% as before, but wlll only be constant lf 
·-X 

ox Ls proportionaL to x. If x
1 

and x2 are the values 
I . 

of two dupllcates9 !Xl - x 2 jts the range, and ls 

proportional to o xl tx2 , 

-~ 

I 

L e. 

Graphs were therefore plotted of jx1 - x 2 1 

versus x1.;. x 2, and, although there was considerable 

2 
scatter 9 theta appeared to be a straight Ltne relation-

ship between these variables. The best possible 

stralght Line was estimated graphlcally9 as, wtth 

errors on each a ·ts, the Least squares method could 

not be rtgorously employedo H(R) equals.1.128crx , so 

the slope of the ltne, ls equal to 1.128 

The coefflclent of varlatlon, 100 vx% was 

therfore calcuLated from the slope of the graph. 
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(b) Accuracy 

The accuracy was calculated by assurnlng the 

chemlcat results to be correcto If x{ and x~ are 

the chemlcat and spectrographlc results respectlvety 

for sample L9 the percentage devlatlon of the spectra-

graphLc from the chemLcal flgure ls glven by 

x? - X~ %. 100 1. 1. 

c 
XL 

As,Ln thls case, there seemed to be no 

reason for uslng a geometrlc mean, the arlthmetlc 

mean of these devtatlons was used to express accuracy, 
I 

n i c 
100 ) ... ! Xt, -···I n .----1 

1.= 
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