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Vory little informatiion lags boen published on the methods of
amalyels for seriwe, lenthamm, and thorfuss Chesical methods for thelr
dotersiratione ts gemerally quite long. Homazite sands were selected
mw«mwmmmMQM&umm
qmﬁw for seniquentitative works Typloal amalyses of some of Uw
norasite sands with their localities is ms follows:r (Hopldims, 1938,
pe 13) and (lawrence, 1543, p. €)

Comp ovnds South Afriea  Idahw Other states  General avg. as
{percont) in UeBshe sugpested by Miner

™hp %4200 8400 leBw 342 b 5
3045036450 204042540 2030 30

.&:’”
Tetrtun group 28,0w2950 18,0.2840 2532 0
Pl 28402940 1840-2040 18450 25

© AX20y, 540
oo, Feg0s  3e0e 640 Low 40 2e10 5

The xeray spsotrograph and greting spectrogreph vere wed for 4he
sendquntitative amlysis of oepium, lanmtdmome, and thoriws: S5ix senples
of mormalite sand wore exmmined, the sowress of which ars given in Table 1
{page 13).




The ohenical propartiss of the rave sarths are oo strikingly similer
that mixtures of thase slements defy analysis by the usmuml methods of
snalytionl ochamistry. Although a majority of the rere earths cen be
determined spesoiropbotometrioally, yet the snbsordansy of their bands
is oot sufficlent for measuring thelr concantrations below severs)
per cent, (Faspel, 1972, pe 2012)s An investigation won mede %o
deternine the content of cerium; ianthanum, and thorium in sonasite
sands, Qualitative work was done o deterniss the matrix snd the trace
elemente present in mormsite sundss This informetion was used in pree
paring standard semples for semiquantitative wori.

The methode using the meray spectyograrh and greting specirogreph

‘are similar, exospt thut the Xeray spectvograph uses xeradistions to
exeits the elements snd on analysing orystal in place of a grating.

The emitted radietion is passed through s collimstor to & orystal whioh
ssparetes the rodiation lote its verlous wavelengthes The intensities of

individual wevelength linss are messured ap pulsations by s« Ueigerwcounier.

The inteneily of rodiation and the concentrztion of the elamant follow a

1irwar relationmship, which con be uced for semiguantitative wvori.
Semiquantitative spestrographic sralysis as suggested by Harvey

(1947, pps 1e2%) was not used booause of the nonaveilbility of the



senaitivity Cuclore for coriun, linthonuesy and thorium In the »otrix
of morazits pands. lorvey's method ls besed on vaporizineg o fixed,
welghed smount of sanmple with 10 =illigrese of pure graphite in

a direetmourrent arce In this method the line intensitice ure
meagured with respect to the backpround, rather thon the aleolute
intensitiess The concentrailion of the element i# obtelned by
multiplying the ratic of the line intensity to the baokeround
intensity by o sensitivity factor of (it lime in thal matrdix.

e to noravailability of the sensitivity factors for ceriusm,
lantharam, and thorium in the astrdx of sonpasite, larvey's method
had te be modifiod, In this modified method, o welghed smount of
sanple was vaporized with 10 sdllirrace of pure rrashite. This
fixod ssound of sra-hite glves the same anount of corbon vapors
in all the erxposmures. Oonsidoring the above facty the intensities
of the linms wers svalueted end the parcent dronsnissions for theoe
lines wore slotted sgaimst the songentratiscns of the slemants on

8. lornpitimic paper 4o obisin o worlking curve.
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The qualitative wark by grating spoctograph wep done on a throe

moter Ualrd gpectrograph, {iaird, 6%h sonfs ) using a grating baving

15,000 Yines per limear inch.

lanthammg and thorium ore very complem, # nerrow slit width (25 alcrons)

wee used for maximum resclutions

Sincs the enisalon specira of cerius,

A mumber of praphite sleotrodes were oul and sroed for o sot

period of time with approximately 10 milligren sanple. ilter the

raok pesitions hud boen comrleted, the plate won processods

The followin: operntlng cendltionma wore mointalined tlroughout

the gualit tive work:
Awrrent
Voliage
811t width

Areotwourrent 5 anjoron
50 wolis

25 microns

2250BO00 A

34504800 1

Sastmon Rodok Spectium Anelyols
Bumber 2

% millimotars



Zleetrodes Upper sleoiroder 3/16 inch diameter
Lower elestrodes L/4 ineh diameter

Developer Enstmon Kodak Del9

THae of hardening 2 mirutes

Time of develeping 5 mimtes

Fluep- Aedd soediwn thiosullate

Tias of Cixing 10 minutes

The elements dotscted and thedr estimated concentration ranges are

listed in the Table IT (page 14).

Delrenicharver mathol wes domw on a Genorsl Eleotyic weray diffrastion
urdts The smmple after beinz ground and screened through 200 mesh
soresn, was rolled to a wire shape «ith the help of Duco sement and
smyl acetate. & lo Sorean strip film waa exposed for thres hours under
‘& monoohronatic radiation and u powdsr pattern was obteineds The
dimm of the comera wag found to b8 14%.2 aillimeters. 7The obssrved
¢ valuss were com-uted from ihe Natliorml idvieory Committes for
sevonautices tables, and the compounds determined by the Farmwalt
vard systesm (ASTH cards)s

The following opsrating conditions were maintained throughout
the qualitstive work by the DebyowScharrer method:

Oomers Dobyeeicherrer

Terpat Gopper

Filtey Hiolel

6.
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Primary veltage 192 volts
Segondary voltage &0 volis

Ko Soresn {Eaptmen Kodak)
814t syoten Gollimating pin hole
Specimen to £iim distance T1e6 millimeters

gualitative work wops alee dons by & NHorth jmericen Fhillips Xeray Dife
fraction Unit (Buhlery 1993, pps Jo5) using o goniometer and stwip chart
Wﬁﬁm The lines wore recorded on the sirip chort with thwiy intensite
Jor and the 4 vuluse coeputed as in the previcus gunlitative methed by

zeray AifTraction,
The felleving opernting conditions wers maintained for e riote

hout the qualitative works

Scals fastor 16

Hultiplier Ou8

o constent 4 seconds

Target Copper

Yoltage 50 &ilw&iﬁﬁ

Qurrent 20 milliemperes

The compounds detected; by the Rerey diffrastion method are listsd
in the Table III (page 16) , and thefr d veluse and intensities ore
lieted in the Tables XIV to XIX (pps 34=40).

Cs syction of stendard sanmoles Tor semicwsniitetive work

it wes observed from the qualitative analysis by the meray




Siffeaetlion work 95t ~sad of the mornaits sunds conteln rhosply tes of

goriws and lontheram, with ssall ond waryine azounte of 3402 Axaﬁgp e
a0, Varied rzounts of serium oxide, lanthamm oxidey snd thorluwm oxide

wors mixed in a matrix of 3105, 41503 ond DaC by grinding with o morter
snd poaatles The following anclyses of the st -ndurd semples were come

puted Prom the welzbed mmounts used 1o prepuare the sorplop.

Standerd semsle ramber Ceriven iantharme oxlde Thorjum exide
Loer cent ) {mar cent) (o cont)

o™ 1 1%e7% "eCEY 15.70
St 15a5% 1523 3770
e 257 5*55‘» D450

Ty 10.00 50,00 CalH
) A8 00 2050 .17
Swls 1160 Qa0 el

i4t:tive nmlyels Ly oo

“he seniquuntitative work was done by o three metor Inlrd spectro-

praph {fairdy 64h confejs Cther scosssorics used -ore the same ne
in the qualitotive work by the prailing spsotrograch excapt that a
sories of filiers wen uped 4o oul do0m the intensitlos of the lines
sl thus persit sralysis of both hirh and lov percentages of the
sleseuts sresent in tle momauite cands.

Ten =1lldipran eoplos mixed with 10 =illispome of Siel grade
poudarsd graphite were vaporized in ecarefully muchined undsrout
slectroeles. “he olectrodes were burnt et n conslant heirht of 9
zillinsters dovn to the nolehs e plate, after bolns expoussd, was

procesacd und the densitlen of the linos ware evalusted by an ipplied

Research laborstories comporatoredensitonoter (Jowyer, 2d. od. ope 265=265).



The follovin: conditlions vers mulnizined throughout the senie

guantitsotive voric by the grating spectroprophs

Seray Bpeclropraph.

Spectrogranh

Uurrent

Flate

Amount of osample
Amount of groghite
Filters

Timo

Zpactyral range

33t width

Ypird three seter pruting
srectrograph

Diractecurrent 1l.5=12 amperes

Ffastmen Kodul fSpeotrum Znalysie
Famber 2

10 =illigrems
10 =1114p

0648 percent tronsmission
90 seconds

2250e3450 A

5h50-4800 A

50 microns

The results of semiquantitative nramlysis sre showm in Tablem IV, V,

VI {ppeli=21}e

s analysis by zeray gpocirorn

The semiguantit:tive work were done by a Horth foerican vhillips Jompuny

Flee 1 (febry 1953, pps S=7) showe the principlee

e

of opercitlion snd the busle geoometry of the mepray speciroprnnhe

A w200 mesh rround seaple was subjected to un intenme, short wovow

lengih, primeory xepadistion fram o tungsten Lirget, csusing the elements

to fluorecee.

Yy monuelly seamming with the goniometer the mescimusne

intensity lin-z for ihe desired element: were localed ond the tine for

v Piwed wmomber of

sounts wap recorded.

The following oparuling conditions were mulnteined throughout

the semlquantitotive vorls by the xeruy spectrogra-h:
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0.

Input hegntive
Cparztion Fired gount
Seale foetor 16 for lantharmum

16 for eerium
4 for thoriun

Rate
3sale fuotor 16
Time constant 4 sesonde
Multiplier 0.8
Target Tungoten
Voltage %0 kilovolis
Ourrent 40 millianmperes
Voliage to the Jeiger tube 1500 volts
Angle 20 49.19° for cerium
Z1e356% for lanthanus
15.56° for thorium
Total counts 6H00 (four consecutive

readings of 1600 counts)

The ‘msults of seniguantitative amlysis for corium, lanthanum,
and thoriuvm ave lisisd in the Tables VIIIy X, and XIT {peces 25, 28,

and 31)e



il.

The results of qualitative analyeis by the grating spectrograph
are shown in Table 1I (Page }4)« The qualitative snalysis by the
grating spectyograch shows the presense of ceriumy lantlonum, thories,
»m@mm* salolumy 8luminiaie #ilicon, as the chisf msjor slemenin,
msgneaiony MW* el tl%nius es ninoy u&mﬁm and
dynpronivmg m}ymm saloniwsy tunmgeten, uranius, ond vasadiue
a8 trace viesents: The o nmpounds detosted bg? ths weray diffraction
ammiysis sre shown in Table IIX (page 36) and their 4 valuss are
tabulated in Tsbles XIV to AIX (pages SiehO)e The weray diffrastion
 amlysis shows the presence of cerium and lantierum as thely plwephates,
thorive und titardum ee dloxides, and cnleélum and alunionm es thelr

silioatess OSome of the d valuss of the lines wors not verified
as there wers no & valuen llsted in the ABUM cerds for cerius snd
lantimman as thely phosphates. Howover, corium and
phosphoias vers shesionlly prepared in the Inboratory snd theiy 4
values were obiained by the powder method se listed in Tables XX and
K1 (pages 4le42)s The powder methed of meray diffraction ie not very

sansitdve at low convontretiones

The resulis obiaired bty semiquantitative armlysis by the zrating
spsotrogrmph are shown in ‘Tebles IV, ¥V, and VI (pages 1722},
These reeults, 1€ compared with the goneral aversge as given



by He 8. Miner (Nopkins, 1938, p. 15) and lawrence (1943, ppe lo8)

do not ;hw an srror of more than 30 to 50 pmm-nt, which 48 the

smount of scourasy gererelly expected in seaiguantitative work

(Barvey, 1947y pe 15) + The reproducibility in the xersy spectrozraph

seema to be Talrly good as shown in Tables VIII, X, and X1I (pares 2%31).
The results se shown in the Table XIII (page 52) show scme dimorepw

angy botwesn the two methode followed for semigquantitative analyeis.

This mey be dus to the various errors involved in the methodss The

pessible sources of errore in the grating spectrographic work wers

fomcouracy in welghing the sample, mmm of pample waporized, flustuations

in the Mmt and voltage, inconelstansy of the gap between the slects

rodes, opettering of the ssmple, wundering of the are, sffect of the

major constituent om the line intensity, and the gmugwphia

thti&W@ m possible sources of error in the xersy spectrographic

worlk were ebsorption effect, intensity losses dus to scattering of

xerays, fluctustions in the currenmt and voltage, mesh prind, and statisw

tica of counting.

12,
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Table X

The fellowing is the deseription of the ssmples and scurece of supplys

Description of ssaple Source of supply
Monasite sand mumber Rxperimutal Flest
Mondgite sand mumber 2 Copper Passett
Memasité sand nunber 3 South Africs
Monasite sand nusber L Keres

Monasite sand muwber 5 Tdahe

Fonazite sand mumber 6 Climax Molybdeunum Company
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Table 11
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Oud=0,01. percent
0,010,001 pareent
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Teble 1II

fesulte of guslitetive analysis by xeray ﬂigmaﬁ;gﬂl

Hormzite Sample Number Compounds lateoted

1.

i CoPQny LaroOys ThOp, T0a,
CaD* 540,
CePOy, laPoh, ThOo, Ti0o
Ce¥Oys laPQy, ThOy, TA02,
Ca0*5402, Al203+S402

4 Coroy, larcy, ThOp, Ca0+S10;
3 CsPOyy LaPOy, ThOp, Ca0*840p
6 CeFO), LaPCys ThOa, Ca0*540,

For tsbulated 4 values ses Tables XIV %o XIX.

16.



Table IV

Results of semicuantitative mnmalysis of verium content of monmsziis sands
by greting spectrozraph

Line used 4737 &
Cerium (percent) Trananission (percent)
1575 Standord Bamples 1645
59.80 " * 1.5
10,0 " " 5500
11.60 " " h%540
Sample mumsher 1 13.5
Sample number 2 110
Sample mumber 3 1249
Sample number 4 Dad
Sample mmber 5 12&6
Sample mumber 6 1342
Results
Sermple number Carium (percent)
1 1725
2 18,5
3 175
4 1946
5 180
é 1743



Greph 1. Working curve for cerium
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legults of semiguantitative snslysie of the lanthapun content of mommaite

fable V

2ands by the gratipg spectyograph

ldpe used 4T48,3 4

Lanthemum oxide (percent)

9a0

13#33

6465

2040
Smmple mmber 1
Sample mumber 2
Semple number 3
Sample number &
Sample number 5

Sample mmber &

Hepulis

L e e Y

Standard Sompler

] L]
L ]
H L

Sample number

Oh G B W B e

Tranemission (perceni)
3640
2148
40
1545
213
2840
2640
7545
Bhe9
510

lanthanum oxide (perecent)
11.0
Buk
115
D0
Ga2
10.0

19



Greph 2, Working ocurve for lenthsmmum

Line A4748,3 A
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Teable VI

Begulte of sswiguantitative suslysis of thoriwm content of monesite sands
& grating spestrograph

Line yeed hE190S A
Thorium oxide (percent) Transmission (pereent)
1,175 Standard Seaples 62,00
6488 B 26400
13.7 " ® 20,00
8.9 " » 24,00
Sample number 1 51,00
Sample mmber 2 53400
Sample nusber 3 50400
Sample mumber L 1,00
Sample number S 11900
Ssmple mumber 6 51,00
Results

Monazite sand swple number  Thorium oxide (percent)

1 1,95
2 1.95
3 2.0
L 3.05
5 2.3
6 1.95

LIBRARY
COLORADO SCHOOL OF HWINES
GOLDEN, COLORADQ



Graph 3+ Working swrve for therium
Lins 4619.5 A
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Table VI

Besulte of counts per segond vs, geriwm content in standard sawplss by

Standard sseple number  Total counts Time (sec)] Coumts par Cerdum

Second {peroent }
Sl 5 e 123 15475
Sed 5768 111 13433
a3 6500 20,2 317 39,8
Swdt 6400 7642 a4 9ed
Set 65400 51elt 204 25675

A working curve (Greph &) was plotied with counts per escond we. perocent

comnosition of cerium by welght.
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Table VIIX

Angle 20 = 49.19°

Sample Total counts Time (asconds) Copunts per Cerium  Ave Corium SBtondard

ramber (4 in a row) sssond {percent) (percent) Deviation
i 3940 1644 20460
B2 165.5 20425 A ,
5941 1640 204750 20432 194
3946 162,0 20,15
5840 16340 20430
2 S0x4 1270 - 1575
Ouli 12740 1%:75
50,2 127.8 15,00 16,08 43
4841 1530 16475
5060 13040 16475
5 L5 b 34X 1760
46,5 12840 17.40
tﬁy& 14040 17.50 1753 75
5848 15045 i?#ﬁﬁ
L #5245 15140 19400
< 15140 19400
52,6 15043 1875 18490 095
K2,6 1505 1875
v 15140 19400
= L8 15540 19425
52,0 L 18245 19420
42.2 15240 . 1900 1917 087
h2,0 15245 1920
5243 15245 19.21
6 46,40 1591 1750
5740 15642 * _
45,9, 14140 1750 1727 «179
#ﬁuﬁ 1391 1730




Table XX

mvmemmmwmmm% in standard saples

Standard ssapls Total Counts Average time Counts per
| ( s) second

Sl 400 2h0 26,7

S 8400 109 5867

Se3 €100 214 30.0

8«8 6100 89.8 710

otodent)

5.0
13,33

6465
20,6

A working ourve (Graph 5) was plotted with oounts per second against perosnt

composition of lamthamum axids by weight,

26
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Table X

mgwmﬁxmwm in monazite sands

Angle 20 - 51,560
Sampls Total Tima ~ Counts per Lanthsnum oxide Avg, Lanthanum Standard
mumber ocunts (seconds) seoond {percent) oxids (percent) devistion
b § Ghod 129, k9« 12,66
GO0 1X.6 hBe7 12.33
6hotr  188,9 k946 iR.66 12,57 0.1225
600 19,2 L9.% 312.60
6400 156,00 L9.5 12,60
2 GO0 15640 h0.15 990
Qv 124 M 0 9u50 0,259
&0  155.0 kil 9495 *
6400 o0 1.0 9.70
3 400 b 2.6 10,25
6400 9.3 h3.$ 10.34
600  15).0 h3.0 10.30 10,29 0.0326
60 150.6 L3.2 10,33
6400 150.0 h3.h 10,
- I
600 133.9 LB 12,33 11.96 003113
6400  136,0 h7.0 11,65
6400 13h4,0 k77 11,90
5 6400  126.2 5047 ;
€00  130.2  19.0 12,75
6400  127.2 S0k 13,00 12.99 0.121
6400  126,0 5040 13.00
6500  126,9 5046 13,10
6 6400  Ua.2 L5e5 11,10
6400 139.2 L2 11-35 ,
139.8 hb.8 1110 11,19 0.,0276

139.3  Lb6.O 1.25



Sample Total Average time Counts per '
Fumber Counte (seoonds) socond mﬁ
Sel 8400 85.9 TheS 13.7

S-3 6400 125, 51,3 B9

B 61400 153, 11.8 6,88
8«5 8400 LG, 1640 1.17%

AWWMMM(,Mé) with counts per second vs. percent
composition of thorium oxide by weight,

29
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Tahles XII

ingle 28 = 15360
Semple Total Time Counte per Thoriws oxide Avge Thoriwm Standard
nmbey counte {(seconds) second {poroent) oxide{percent) deviation
b § 1600 7040 2245 2465
1600 7146 2244 250
1 7146 228 2450 2450 040316
b 1 716 224 2:%0
1600 710 2246 24
1600  £9,23 2341 2,80
1600 6946 2340 277 2478 040224
1600 €941 2541 2480
1600 6942 2540 2P
5 -~ 3600 7540 -3 1% § 2455
1600 7543 21,0 3:{5
3600 B8040 2040 2e15 228 040276
3600 7640 21l 2430
1500 TS 2049 2425
l‘? m 576‘9 3&;3 Ium
1600 5846 - 27x3 - Y vl
1600 578 2842 5280 e 76 0404
1600 581 2746 375
1600 560 272 - 0% 4
5 1600 7546 21,2 2430
1600 g:; 213 2432
1600 : 2143 2#35 2432 04056
1600 50 213 2435
1600 TS 2142 2030
5 1600 6ol 232 2075
1600 Ol 22,8 2455
1600 Tieh 2244 2470 2462 04161
1600 6940 23e2 2475
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APFERDIX

The following prosedure was adopted for reporting the estimated
intensities for the powder methods

Vs Very strong
8 Strong
M Hoderate
W Weak

™ Very weak

mmmmumnmmmmmmefa
sompound &n the ssmple

a Ceriwv phosphate
b Lanthamm phosphate
¢ Theriuw oxide
4 Rutile , "Ti0,
0&0.31.02
Ah%;ﬂiﬁz
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cesults of ihe & values obiained Lrom artifiicially crepored lanthamm
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satimated intensity 4 values
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Hemaulte of the d values obtulned from artificlally prepared cerium
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