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Flame Photometrie Deternlination of Sodium and Potassium in Rock Samples (G-1, W-1)

. by -
Atsushi Ands, Ei Omori & Teiko Yamada

Abstract

In the flame photometric determinatiqn of alkali metals in refractory'materials, the sample
is first treated with Lawrence Smith’s or Frezenius' decomposition method. Then alkali metals
are determined flame photometrically, after separation from interference components, or without
separation. but -with corrected background. = Separation is the best method for the removal of
interference components, but long and tedious technique is necessary, and often the separation
errors are produced in this result. Other method is rather simple and expedlent but detailed
knowledge of interference is necessary. .

The alkali metal contents in rock samples are very important in petrology and geochem-

istry. * In this experiment, materials are limited to silicates of igneous rock samples; the inter-
ference is measured when Frezenius’ HF-mineral acid decomposition. method % applied, without
any chemical separatory procedure. :

The interference .studied ; 1) Effects of main chemical components except alkali metals
mutual interference of alkali metals and acid effect 2) Combination effect 3) Compos1t10nal
change effect in rock samples i
Then the standard measurement condition was determined.

» G-1, W-1, samples, the well-known standard rocks of U.S. Geological - Survey, have been
used in this experiment. By these samples, three methods of decomposition (HF-H.SO,, HF-
HNO;, HF-HCI) and the method of preventing interference are studied, then the results and
the ‘precision are discussed.

The influence of main chemical components is very low when rock sample is acidic, but
it increased gradually when the sample becomes basic. In such case, the probable influence is
prevented by the moderate dilution of the measurement solution. On. the other hand, the
mutual interference of ‘alkali metals and effect of acid concentration appear significant, and must
be corrected. Rock samples were "decomposed satisfactorily by any method described above, and
good results have been obtained, within 2.5% range in the relative deviation

"This method can be applicable for the analysis of alkali metals in silicate rock samples.
Furthermore the procedure is simple and expedient.

Standard measurement condition; 0.1 g of rock sample is treated with HF- mineral’ amd in
platinum crucible and heated until complete decomposition. Then the residue in the crucible.
is dissolved by acid and diluted accurately to 100 ml with distilled water. Of course this solu-
tion must have constant acid concentration, and -this condition can be applicable when rock
sample ‘is acmllc Flame spectrum intensities are measured by the direct method. The mutual

" interference - of alkah metals and the depression effect of acid are corrected with same back-
ground, :

Equipment used in tl’llS experiment is Perkin-Elmer Model 146 Flame Photometer w1th

Acetylene-Air. )
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U. S. Geological Survey DEHEEFZR, G-1, W-1

1% G1, W-1 BB ob2EE
Chemical constituent of G-1, 'W-1 samples

G1 LW
Arithmetic| Consensus. Afithmetic Consensus
mean ] mean mean mean
Si0: | 72.22 | 7245 | 52.25 | 52.50
"TiO, 0.26 0.25 1.09 1.05.
AlLOs 14.44 14.30 | 15.23 15.15
Fe,0; " 0.94 0.85 | 1.85 | ~1.40
FeO | 1.00 1.00 8.51 8.75
MnO 0.03 0.025| 0.19 0.17
MgO 0.39 | 045 | 652 | 665
CaO ~| 1.42 1.35 10.95 | 10.95
Na,O 3.26 3.35 2,06 | 2.10
K0 5.51 5.45 0.71 0.65
HO+ 0.37.| 0.35 0.62 | 0.5
PO, | 010 | 010 | 0.13 0.15
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HoE WS 3HEL FVE(D)
Quantity of metal ions at measurment condition (1)
G-1 W-1
| Weight | ppm of | Weight | ppm of
percent metals in | percent metals in
as metals | solution as metals | solution
Si — non — " non
Al 7.57 . 75.7 8.02 80.2
Fe 1.38 13.8 7.78 77.8
Mg 0.27 2.7 - 4.01 40.1
Ca 0.97 9.7 7.82 78.2
Na 2.49 24.9 1.56 15.6
K 4,33 43.3 0.54 5.4
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Quantity- of metal ions at ‘measurement condition (2)
' RS 1 - “Rs4

Gn | RS2 | RSS | wa

Al ppm| 76 80| 80 81
Fe ppm 14 25 - 50 7_8
Mg ppm 3 10 20 - 40
Ca ppm 10 25 50 78
l Acidic « ' —> Basic

4 Eﬁoﬁwzm@&ﬁT%@

Effect of constitutional change

Na 25ppm . K 25 ppm

) l Deviation (%) Deviation (%)
RS-1 (G-1) non o non
RS-2 non non
RS-3 . non ‘non

RS- 4 (W 1) | non —l— 2
Zﬁﬂﬁiféﬁbi Wi d conc. MR Sce % 100cc DY

WIZETso RS1~3 ETiE, F YV A DY TALL -

CRILHEE DIEZRD BRI o RS-4(W-1)I2H\C,

VT ADREL, +2HDENRRH LI, Tihbb
OUEEAC B TE, BREE K30 T, AL H
HERITROY %&mﬁ L3 52% MBS OB
ST H DRED BENE LT 5. RS3. THE
PEbII N C L REL DY, RSA BEO EEIEED
BRI R Th, REAEELED 2 FRE F CHRRT U

TS HEI NS LB, e Lﬁ%ﬁ%@%A‘

k,ﬁUVAéﬁEmﬁﬁioﬁw%%m&é(azé
K.O #E), 0 X5 mBary, AEEREoBE %%
CBLT, BReSCE0E slEL, SEROMEY L
B PRECEELDH B, Sk v o= —HOTY
=& T xh AR, BEERRO TS
Y SRR 2B ppm DT & 72 43, EENER
I & D IR DI e BRI NN Do EDTDITIE
B 3%D 10 fFIBEOER Y, AIEEERO FRE L
TR LTI < L BRI TH 5o BRI 100 cc & & e
10 ce BMLIUL Z\o FEROME, SMoF= 52,
ERALY v A OREDOEAT LT B b,

7. G-I, Wl BEBOFFITLE ST
AYVILDE
7.1 %ﬁfl )
HBER - SR THE B SR T 5 BEAT, TR,
BRI, FH-LERR D 35 O HYE 0 % bh,
T B OEMREYENT, GLEEHOF YUY A
BEONY Y ARERLUCERELB SRS LOH 11 K

(88 10 % %8 &)

*Na,o

w—
O

s
R

o

8511 B 5ER-1

Experiment-1 . -
HEhER EHR-1, Gl DEERHE
Experiment-1 results of analysis, G-1

K ppm K.O

No Method ml\e{;lsﬁfég D(h}:o measured | (%)
1 a | 253 | 3.4 47.5 | 5.72%
2| b | 263 | 34 | 46.0 | 5.54

3 c 24.4 | 320 | 47.9 | 5.77%
4 d 25.0 3.537 46.0 | 5.54
5 d 24.6 3.32 46.2 | 5.57
6 c 248 3.34 | 447 | 5.38
7] e 25.1 |- 3.38 | 44.5 | 5.36
8 d 25.2 | 3.40 4.4 | 5.35
9 d 25.3 3.41 45.0 | 5.42
10 d 24.4 3.29 46.0 | 5.54
1 d 24.3 | 3.28 | 45.7 | 551
i : &%v 5.43

o Exceptwnal value, omitted from % )

Method : a. HF-HCl 4#%%, conc, HCl 5cc % mz

B, 100 cc @YEJ%F’W&?ZJ
b. HF-H.SO, & | k-
- c. HF-HCIl 42, %8 » conc. HCl % -
2 CTEREEM,100cc O WERBE LT 5
d. HF-H,S0, oy E
‘e, HF-HNO; #f# [ E

R AIREDEIC L 5 HHTEORIED bhitto
Hk - SRS IR, B AR L LTRBTLL
—RRII I TR\ A%, B D KERAERUBHE 350 C
BASHN Z LS 5L\ 5 B % Bl BB
BT, MERANARIL £ TR X DB L8
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%12 1 SR-2
Experiment-2

H6% EBR-2, Gl OREMRE

Experiment-2, - results of analysis, G-1

BT, mOREREI DT E OFEREH L, —o 0K
BIET - Y 80 B LW Licgr, Yo
DI 0 PME DR B PANT R, RELS 6 KR
I OB I2RCRT, 856 BOFEDIHEL, a-A, aB &
5% DITAHITER-1 OBE © X 5 I BRI R
T, HEMET AN ) RBORE T o s L ERL
BAETIHE - 7 40 ) RBE L CLESBITHRICOL

CRER ol T LR T WIS X BER L < —F

LTish, BIEHRBOBEAT, 745 ) &R0k
FRRATCRC O THEUEEER 2 FV 5 B8 e
Z LAY, EROHEOBRET b bitk, -

7.3 283 W-1 ®#zouLT

R OIRECL Y, FrIVARBIV BV VA
FEELCEREYE TEBSIVCHEBRE RT. 0%
AL, BIETI W THAC L ST a-A R aB HREHE
FOEED b B, MR B WL B0

ENS
NazO
»_,r"r:gia__ﬁ
15 .20 25 30 %
| K0
,
— ' ‘. .' T r L,
o 0s Lo - 15 %
%13 W B3

Experiment-3

No | Method |8 P03 R H7FE KBS, W1 OREME

1 { a-A 25.1 3.38 46.0 5.54 Experiment-3, results of analysis, W-1

2 | w-A 25.1 | 3.38 | 45.7 | 551 =

5 | y-A | 249 | 3.3 | 46.0° | 5.54 No | Method [NePem/ NaiO | K pem| (&9

4 | un-A 25.2 | 3.40 | 46.2 | 5.57 ! a-B | 16.4 | 2.21 | 5.4 | 0.650

5 aB | 245 | 3.30 | 4.2 | 545 2 " 16.3 | 2.20 |\ 5.6 | 0.675

6 | n-B 250 | 3.37 | 45.0 | 5.42 3 ” 15.9 | 2.14 | 5.4 | 0.650

70 #-B |-250 | 3.37 | 46.0 | 5.54 4 " 16.9 | 2.28° | 5.3 | 0.638

8 | »-B 25.2 | 3.40 | 46.8 | 5.64 5 " 16,5 | 2.22 | 5.7 | 0.687

9 | u#-B — — | 45.0 | 5.42 6 | n 16.6 | 2.24 | 5.4, | 0.650
2 3.3 | | 5.5t 5| | 2.22 0.658

1) 7.4 28

72) 7.5 2
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Precision in analysis

B

Arithmetic mean

. Number of observations, analyses, etc.-

4'? .
d Deviation of an observation from the mean
S

2
Standard dev1at10n—l/ Zd the uncertainty of a single observation

S
Sx% Standard error= V-

the error of the arithmetic mean

C Relative deviqtion=’_ci'>< 100, also known as the coefficient of variation
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E Relatlye error = Ve
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Precision and comparison

Material "Refergnce No. of k Na0

b . N5 . Observatlons % s ‘ S% I C ! E %

Granite. | G- 11 3.35 | 0.0527°| 0.016 | 1.57 0.473 | C 5.43*
, | " A5.52%

SRY | 837 | 0.036| 0011 | 094 | 033 5.51
Diabase W1 6 2.22 | 0.0467 | 0.019 | 2.10 0.859 |  0.658
. Granite G1. 5 - 3.34 .2.55 1.14 5.46
"o GL | 8 3.58 1.40 0.50 5.42
Diabase Wl 8- 2.29 285 | 1.01°| 0.693
Granite ‘ G1 - 7 S 3.43. 021 6.23 5.43
Diabase Wi 6 2.20 0.13 Cls72 0.68
Granite G1 | 34 3.26 | 0.284 0.06 | 870 | 1.81 5.51
Diabase - wio| a4 2.06° | 0.230 0.05 | (11.1) - | 2.39 0.71

* C: Consensus mean

- A Arithmetic mean
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. Remarks
S Sz C E
9‘0896 0.027 1.65 0:497 lExperiment-l Flame photometer precision data. Geological Survey
0.1382 | 0.042 | 2.50 0.754 of Japan
0.0734 0.025 1.33 0.444 | Experiment-2
0.0186 | 0.008 | 1.15 0.470 | Experiment-3
2.95 1.32 Spectrochemical precision data, Margaret Kearns, M. 1. T.
. 0.83 0.29 ‘ : ;
}Flame photometer precision data. Geraldine Sullivan, M. I. T.
2.28° 0.81 : _
0.21 3.83 Precision de.tm. in replicaté rock analysis by U. S. Geological
: }Survey. ‘Chemical method but three analysts detmed alkalis -
0.05 : 7.06 ! with flame photometer :
10.549 0.11 | 9.9) | 207 | , ,
) : Precision detms in rock analysis by 24 Laboratories
0.19 | 0.04 | (27.6) 5.8 | -
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