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Analyses of Silicates by Atomic Absorption Spectrophotometry

in a Nitrous Oxide-acetylene Flame
By
Shigeru TERASHIMA
Abstract

(1) The optimum working conditions were studied for the determination of mag-
nesium, calcium, strontium, titanium, aluminium and silicon by the atomic absorption spec-
trophotometry in a nitrous oxide-acetylene flame.

(2) For the determination of magnesium, calcium, strontium, titanium and aluminium,
the sample was decomposed with a mixture of perchloric acid and hydrofluoric acid, then
dissolved by hydrochloric acid. A large amount of potassium chloride was added to both
sample and standard solutions for the elimination of the ionization interference. Aluminium
namely in ultramafic rocks which were difficult to decomposed with the ordinary decomposi-
tion method mentioned above, was decomposed by fusion with sodium carbonate and boric
acid.

(3) Two interferences on the determination of barium are a molecular absorption
by calcium and titanium, and a ionization by other diverse ions. The samples were decomposed
with a mixture of sulfuric acid and hydrofluoric acid. Then, the precipitate of barium sulfate
was separated from the solutions. The determination of barium was made by the solution
which barium sulfate was dissolved in ammonium hydroxide-EDTA.

(4) The determination of silicon by atomic absorption method was not satisfactory
in accuracy than by ordinary gravimetric method. Hence we applied a combined method
with both gravimetric and atomic absorption method as described below. The sample was
fused with a mixture of sodium carbonate and boric acid, and dissolved by hydrochloric acid,
then it was heated on the steam bath until completion of formation of gelatinous silica. The
gelatinous silica was separated by filtration after addition of polyethylene oxide solution.
Major and minor fractions of silicon were determined separately as follows. The major fraction
of silica as the gelatinous was determined by the gravimetric method, and the minor fraction
in the filtrate was determined by the atomic absorption method.

(5) The results on magnesium, calcium, strontium, barium, titanium, aluminium

and silicon in some silicate standard samples agreed well with those of reported values.
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o LKRBOETEETERLR, TORETESRY
fELUI VB GBEEMARY) BEBF MY v A LE
SETREL CERLT.

) Fxrv, =7 RYT A, INVYT A, AbRYF
U A, REEEERR LSS LKRBRTHBE LD
FHEBCTHEMEL, DV UV AERMLTA A LEIHIL
TEELR.

(5) AU ADEETIE, A3V ETHOERICH IV
VUL, FEVREIDHTFREBRD bhic. ®REE
TR & o LKBRTHMEL, NV U ARRBEL LT
SELTeDL7 v E =7 MEDTAREBICEM L TERL
7.

1. % §

R~ T v FL VIV —ATCEETESF NI T A,
BYT A, T FVT A, GNVYT A, w0 HY, 8, =
S, Zuk, §l, VFUL, =L, g, Abnw
VFY A, BEHICOVTIETTIRBREL 2 (FE, 1970,
1971). THALOWMETHEWMLLLO K, BEX—TF
VY TZv—ARREBT AN Y TEEBOEETIE, T
I=TA, FEY, GUVRREOELVTERD D, 2
FrYFT A, FrxUEEOTFHIEIRZ RN 5%
ERb otz LHL, ThHLORBEIARMY L L TR
Vo7 E Y HEERE S D, EREO V=S
RIVT b, ANV T A, ARRYFTAOERIINET
bHotc., LL, ThOLORSOERIC, HRLESR
~TE¥FVLT7U—A2ERTHE, TAIZUVA, F
2y, FOROTEIIIE LA ERTES.

TCEBREROTWEE, TAI=T LA, FRY, FOM
DIESY & RIS 5 51513 Laneuver & (1968),
Owmang (1969), Van Loon &, (1969), Boar & (1970) iz
I VA OFENMERSATYS. L, ZhbHo
FETTCREERLEER, SIEEIEHRET 3
%RETH 7. ZhiTxL T, AssEY (1970), ANnO
L7 iz XX, BEBERIZTVHEOEERRBITS
EEREE 1 AT TH Y, FFENEIL bRTEE
KRV, F, JUVRIITVBRENTOERRSTHE R
O, BEMMTORIZ L CREREEELELTS,
Dk, BERELRTENEEEH AR FEERN
L, BEORVCEREEEHEY L.
BEFOBFRBDECELOEETE, RIFREE
EHRI ORI OBRMEELEL T30, ZOBREE
DT CERERET S LEBRLST . ok, T
=T A, EOMOBNE, BREEE ROV CRE
Rk & 5o WAFBBTHBL TIIVHEERELEDDE

=L7%.

BEPEIEEIC & B Y 7 AOEEIE BowMan $, (1967)
CLXYVBESHTYS., ZOWPETERILVT L, F
R B HFRIVCENTE ST, THiHlozoR
BEEELEThET VI V&R, TAVI=T A, BV
VY ADERELL T3, EERNEE VS 0BER
bBHLLTWS. L, AP LEECEERS TV
V&R, ZOMOBEELEL L T5HEELEORE
BRI T OREHETHY, DAV T L, THV
X35 FRIIEBERMETLIFHITCE Ry, Zh
LT ERD, BERSERT S0, MEARELEL T
DERPE RV T KESMEL DL EDTA BIRICHERE
L, BFRIENMTTHHEERM LR LR HE.

2. HREELUEE

2.1 8 X

TOREERE BT CRERBL, SV -4
—HTHHH 0.58 FHEEDHIIPY LY, BkiRER
FTrY T A4 ELERALTIEBEL, BOABEKCE
PLUTTERMLIT W | mg/ml OB E Lz,

T = NEERE  ERT A =Y A ERHERT
WREL, 7vI=U A 1l mg/ml OBFIRE L.

FEUVEERR  BRTF I VEREBRTRMEL, F¥
v 1 mg/ml, WERHY 6 HEDEIRE Lz,

2 PRV NERRIR | SRS RV A ERHERT
WHEL, <72V A 1 mgiml OFHKE L7

TN T MEEERRIR | R LY T AR100~110CT
BB L IO L EEBRTHEML, 1T A lmg/ml OFF
WeLiz.

AL mUFU AEREK  RBR e F U AEHE
BCHEML, AtryFUa ]l mgml OPEELE L.

AU T NERERIE  REEAY U ARRIERETHBREL,
AU YA mgml OPEIKE LI
h 0y A B ) Y ARKICERLTH Y
¥ A 50 mg/mi DPFIK L Uiz,

RIZFLUFFHAFRE . R =FL ot x A
R0.18 &7k 200 ml jo s & B bAOBF oM T8
fEL7e.

AEBIR . =F VP T7IV4ER 278D 7 A K30
T UE=TAUA+AD 1L BEMLE (DT OB
EAEBHIREVD).

2.2 £ &

HAD Y—L A7 v = AA-1E BIRFREAHEERE
PEALE. REX, vk, TAI=ULA, FHrY
Gy z2Fr Iy 2, BTRH), </ kv
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A (Bf) BIUAIAYT A, AbrVYFUL, RV
A (PERFUSAY RFM, 3THEM) O AEEE
SUFEFRALEL., A—F—ik, ERLER-T T
vv—baRkERAr ¥k A—F— (0.4 X 50 mm) %
FEHLZ.

3. ERBLUHBREIEER

3.1 M EEH

311 ¥ R B

B ICDVT, HRLERRET MOt E—
FRLT, TEFVvUoHERERLEY, £k, TEFV

VIREFDOMOEEE—EIL L CTERLERRELEL
SECHRNEWEL, BREVAREE KD (F1R).
TV, FEUREIROFHEI VT 2FVUEED
ZCBATBCRENE LN, A—F—~vFiLH
—RUBHL, ERFHOMEREETSH .

3.1.2 A—F—LOXKEOFE
HARBETOMOELEE—EEL, SA—F—3FHEE
LT ERTA—F — EOFRKROE & LRIROBERERH
L E1E). REREIA—F—LOXEOE &
2 ~6mm THLIT.

PLEDRER L 7 v — ADREN, /A B LORER

#H1% bl E % 4
Working conditions
Al Ba Ca Mg Si Sr Ti
Wavelength (A) 3093 5536 4227 2852 2516 4607 3643
Lamp current (mA) 12 8 8 8 12 8 12
Slit width (mm) 0.1 0.1 0.1 0.1 0.1 0.1 0.1
H.L.B (mm) 4 8 8 8 3 8 4
C.H, flow (//min) 4.8 4.4 4.4 4.4 5.2 4.4 5.2
N,;O flow (//min) 6.2 6.0 6.0 6.0 6.4 6.0 6.4
H. L. B: Height of light beam over the burner
K
=

s

20 -

Juxy
ot

Relative absorbance
o

X
"~ sr(2)

A Ca(1)
» A1(100)
X Ti(100)

Height of light beam , mm

BIK

ERBEORER

Effect of height of light beam over the burner on the absorbance
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WEBEFRASE (BE28B%E %55

SO L EEEL, FERSONESREEE 1RO
IoicEni. DTz itbbhvh&YVZosk
HTRIEL .

3.2 EREORE

BEMICR LT LIEREECR SR BHRER D .
ZDOBRBEEOHERPETHEEDEEMMITESF
RRd5.

BERS AT 2R, W, RBOBERRN L
FE2HR). <7 ARVTA, INVT LA, AhuLFVY
b, RVTABEAFTALEIHIT S0 H ) ¥ A 5,000
ppm OPFRTHELZ. H2XPLEVCEEE T
HERPRNT ERDPB.

RBEDOTF & L EBRBENR - LIKIELST
DTEETS. ik, BT OIREEOT VHEIZ
REETHD (B, 1954).

UToERIZ, 2ILtbbRyHE VHEEKY 0.6
HETRBI o,

3.3 HEERSOE

3.3.1 A& LT

BR—TFror7r—a ($2300C) it TR
EOBvERLERE T tF L7 r—2a (3000C)
EHEATS L7V —bRTEL OTRBAF LT 5.

AF MR, A UVBEBADEADDIZEREL,
HIEHBOEASEEOHEMNE LB P T2 RED,
1970). Awmos & (1966) Iz XiiE, AF{LEML 7.6
eV DRV T AETAF VL, A4 VbFEEI~S
YU A (2 ppm) 6%, w7 A (5 ppm) 43%, =k
v F U A (5.5 ppm) 84%, U T A (30 ppm) 88 % T
HB. TAI=Uh, FEULDTMCA A VTS
B, FeHBoALF U iFmbh Ty,

AFAETEE, A FLBROR T AL Y £ER
CEEREMLTEIEE S, RnmEL LTy
A, VTS, FRIT A, RAburFUARERER
Eha.

AU YA (10 ppm), Rk wXF T A2 ppm), HLY
7 A (Ippm), =7 %37 A (1ppm) 3§54 ) 7 A
OREBLEIFITRLE., HRALLIV TV LAEOHE
M U7eds - THRIR L ML, —EPRNAESN S X

Hielked. T, BV TERTV—BRTOALFY
LEMET DD THS. BT AF U EFHoHRlic
BFHVyaRFEALE.

3.3.2 ¥R

FOBRETFHMERSOERET, BEEDMRTIEE
BEOITFHIC L - TRMT OB (BUTAFRILE

mok B OB B o B B
Effect of acids on absorbance (Relative error, %)*
Al (170)** Ba (10) Ca (1) Mg (1) Si (100) Sr (2) Ti (200)
HCl (N) 0.06 0 0 0 0 0 0 0
0.12 0 0 0 0 0 0 —1
0.30 0 0 0 0 0 0 -2
0.60 —2 —4 0 —2 —1 -3 0
1.20 —4 —7 —2 —3 -2 —7 0
2.40 -7 —15 -5 —6 —4 —14 0
HNO; (N) 0.06 0 0 0 0 0 0 0
0.12 0 0 0 +1 +2 0 +3
0.30 +1 0 Q +2 +2 0 +5
0.60 +2 0 0 +3 +1 0 -+-8
1.20 +2 0 0 0 -1 0 +10
2.40 0 ~3 0 -3 -3 0 +15
H,SO, (N) 0.06 0 0 0 0
0.12 +3 0 0 —3
0.30 +4 0 0 —8
0.60 0 —3 —2 —13
1.20 —5 -7 -3 —10 —18
2.40 —11 —15 —13 —24 —25
* Acid concentration of standard solution was 0.06 N ** ppm
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BRILER—TeFLr 7 v—r2Bv sl vwBECEITRESF (8 #)

18f 5) DETHZLETTRRELE (8, 1971). &
EBTHVE, TAI=VA, FFY, /YT A,
Ba(10)  yuvwa, xhurFUa, AU AOSEERICRT

“r BATFRINERH U,  TOWRE, U YA (55364)
§ DOFHRCBIT BINV T A, FHRLBBIN (53
2 | H) 20FSELALERTESE b ol
g 12 Sr(2) Birvrines (1965) %, K —7kFL o 7v—Aa%H
. & Ca(1) WCARY TARERL, INVVT AREDZHTFRINEHR
'g sk 421 7z. KoRTYOHANN & (1966) & PRI E CaOH
k RV FOBETFHEELTHI LT 5. Capacuo-
o . M (1) Dercap & (1965) 1%, # A% Y AT E 55T RN
Al & BB —T v FL LT L AR B L ICk DIE
LAPERTEZLLTRY, KERERLERS.
ol P . BRVIZLEB LD LEDIS.
0 10z 6 10 DAY B, FEEEBHTFRENB S - & bDinw
Potassium, mg/ml KU ERETBHIT, TEFLVTE, BRLER
B TAY)EEGRCNTBN) v AORE BB IUHROR S L OBRERM L, HEREE 4R~
Effect of potassium on barium, strontium, calcium # 6 iR LT
and magnesium absorbance CRODEBEIAL YT A, FEUICED 4T BT
25 F
Ca
20 + Y
8
g 15 X
Qo
& eBa: 4ppm
w
®
]
:E, 10 A
9 Ti
[0
o
5 -%f
0 1" L 1 1
0 500 1000 1500 2000
Ca, Ti, ppm

EBIH aNvU LA, FEVYOFTFRI

Molecular absorption of calcium and titanium in barium (5536A) line Ba: Barium absorbance
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Relative absorbance

20

~
v

—
o

wEHEER AR HE28E K55

Ya: 400ppm

1 |

1 1
4.2 4.4 4.6 4.8
Acetylene flow, 1/min
F4H HFRRETEF Vv URBOBER
Relation of molecular absorption and flow-rate
of acetylene

25

Relative absorbance

X, ERRLERFRRICHLTCT2F LUy REEELL,
HRE 7LV — 2O THRBRIES LD LD &P
bbb, L, TORETIEAY Y AOBKRPRER
E, HFRINLERTEBETERY. Ok,
RV BFINYT A, FEAVHPLAHELEDBEET
BLLEBDEELY.

3.3.3 EMEEEMELEW

HEAF VR EBADOTHL, & LA ¥ BRI LS
BOERIZEZLDEEZLN, TOBOTHOF &
i3, 7v— AR CHEME LSS ERL, RFRRE
ERRT3EERRDBIILICI - THETEZZ kT
TleD_7e (3, 1970).

WA LER—T bt F Ly 7L — a2 VAR
BT 7A=Y AOTFHEE 7RI R L.

% 8 X3P LU S RCEERACHT 2 HEA L OT
B A—F—LORROFSOEKRERLE. Thb
PEEPDDPD LI, KEAAVICEDADTHIR
TL— A0 IR EBESES LI IVBIL,
PR > TELTIREOTHLEL B, ZOHRR
13, ZR—TeFLrr7v—brAVveEAICLA LR
BN, ELLTT L —hD L THEIEIE LAY ERE

. x/
/ Ca: 400ppm

! 1

1
5.8

!
6.0 6.2

Nitrous oxide flow, 1/min
EHK HTRNLEB/LERBEEOBER

Relation of molecular absorption and flow-rate of nitrous oxide
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ERIEEE—T7TEF1Lr7v—2a2Av3dvBECRFEEST (5 )

30 |-

Ca: AOOppm_x//AK
/7///
X

Ba: 4ppm /

i: 2000ppm

10

Relative absorbance

0 — 1 1 L
0 4 8 12 16 20

Height of light beam, mn
HEOR HTFRINE FRE S OBER

Relation of molecular absorption and height of light beam over the burner

_20 L.
Ti(200)
NS
g OTR X Mg (1)
o
o
=
. . . Cal1)
© 20 a
ot — Ba(TO)
+
o Sr(2)
©
_40 -
(): ppm
1 1 Il f 1
0 1 2 3 4

Aluminium, mg/ml

BT Tri=viroRE
Effect of aluminium on titanium, magnesium, calcium, barium and strontium absorbance
Height of light beam: 8 mm Potassium contents: 5 mg/ml
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-
W

Relative absorbance

Ba: 4ppm
i

1 4 |

0 4 8 12 16 20
Height of light beam, mm

B8 RNRYVLEHTBEFEY, THNI=UL, FUEOTH

Relation of interfering elements and height of light beam over the burner on the barium absorbance

A: Ba-+Ti 2000ppm B: Ba alone G: Ba+Si 600ppm D: Ba+Al 2000ppm

EIR FHEA A OEBLEROGT S

Effect of interfering ions and height of light beam over the burner (Relative error, %)

Elements Interfering ions Height of light beam (mm)

(ppm) 0 2 4 8 12
Al Li* (4000) —11 —5 0 +3 —
” Mg2+ (4000) —19 -5 —4 +5 —
” Ca?* (4000) —20 —8 —6 +5 —
” Ti** (2000) +4 +5 +6 +6 —
” 81042~ (2500) —40 —19 —7 +8 —
” PO~ (2870) —21 —12 —3 0 —
Ti Lit (4000) +11 +18 +24 +23 —
” Ca2* (4000) +15 +22 +34 +52 —
Mg Si042~ (2500) —33 —4 +2 0 0
Ca Ti*+ (2000) —15 — —14 —7 -5
” Al3* (1000) —43 — —30 —28 —23
Sr AR+ (500) —50 — —38 —20 —14
” Si042~ (2500) —38 — —20 -2 0
Ba Al3* (500) —38 — —30 —25 —15

Concentration of acid; HCI1 0.60N
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HRILEE—T e FLry7r—b2 B33 vBREOREFEEST (5 &)

LT iz Ebhs.

PR TR LIZERETIE, W oh0THRE
D NN, EEOTFVEBESMT TG LA LERTE
7.

3.3.4 B OERR

AFUVETFHEREIL, 2TFRERFEELRVICLD
POETTAI=VAEFEIVIE (BTR),FH¥ VT
V=P hic (B4R ERREEEZTYS. Th
o Marxs & (1970) ik, 7V — AT AED
B B ER LTV TEN, FEOKSOHFELLL -
TERL D AR IE S B e DRI NS 5 LB
LTw3.

EEOFCBESMT TR, TVI=VARHT BT H
VOTFHBIIERTE . FEVRHTEITAI=T A
DT, FF UEERIEY VI =Y AERILTHE
L.

3.3.5 I v &K

FeRicHT B LEA 3 DEEBII b (F5KR).
Sl E o L ARERTHML, BOBREMZTEET S
FETED ) TV ARAORERE XS (HED,1971).

FETRIEBREOT WREERAK TERT 5O TH]
AT DEETEEALER Y.

3.3.6 TAI=U A

TAI =Y ARERMERE—T EFL TV — AT
A AT Lvbh, o4 F LR T WIERR D

ThREDFEE2E2D (E5%).
UV ADRMTHETES (B4HR).
FCBRED AR TIE, oA LT mREN
HFT5 O CEEREKICORDL Y ¥ A (1000 ~5000 ppm)
ERMTRIE X,

3.3.1 & x v

EROBAT VP EDREES 2D (FE5R) B, ¥
U a 5000 ppm DEETIHIE LALLM E T B (F4
). HIVTABBRNLTAT U bEMEILTL 7L
SV AREOREEEZD FETR). BEILEET
Bcdicid, HY T ARRML, RELERCEEND
TN =T ABEEE-RSEILERDD.

"3.3.8 =SFVUA

AF AT BIDOAF AR T OEAIC L 5T
PEPBEORERZITS E2K). EXR—TEFV
VIV—ATELVADBEEERTBZTNVI=T A, F
2y, POROTHRIE LA ER 6K, 57H).
FOBEDONH T, TS =Y A L REBICEERTE
ZOHH DU AEFRMTHE L.

3.3.9 AAVTA

AF AT BOTT VI V&R EERML THES
%. V@A 5000 ppm ORWETIHIE L AL DRSS
DEBPERTED (B6R).

JOBEOSF T, R LEERRIT Y I U A
(2000 ~ 5000 ppm) Z#IT 3.

AF AT D

B4R HY T A O.SUBBERICBIBTVI=V A, FEVRHRTIEFALORE
Effect of diverse ions in the presence of 0.5%, potasium on the aluminium and
titanium absorbance (Relative error, %)

Tons Concentration (ppm) Al (170 ppm) Ti (ZOO\?B&)
Lit 100 to 4000 +2 to 0 0 to -3
Nat 100 ~» 4000 0 ~ 0 0 » 45
Mg?* 100 ~» 4000 0 » —4 0 » =2
Ca2* 100 ~» 4000 0 » =5 —2 7 =3
Sr2+ 100 ~» 4000 0 » —4 0 » -2
Ba?+ 100 » 4000 0 » =2 -3 » =3
Niz+ 100 ~» 4000 0 » 0 —_
Cu?+ 100 » 4000 0 » 0 0 » 0
Mn?* 100 ~» 4000 0 » 0 0 » 0
Fe3* 100 ~» 4000 0 » 0 0 » -—10
A+ 100 ~» 4000 — Fig. 7

Tit+ 100 ~» 2000 +1 » 45 —
Si0,%~ 125 » 2500 » —10 0 0
BOg~ 1600 ~» 24000 0 » =2 0 » —13
PO2~ 287 ~» 6888 6 » =3 0 ~» —10
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WEHEETAEH (BEBBE H5 R

®HE  TAI=VLA, TR, FEVYERTIREFEAFORE
Effect of diverse ions on aluminum, silicon and titanium absorbance (Relative error, %)
Tons Concentration (ppm) Al (170 ppm) Si (100 fEEl_)\ 1.;1(_230\;)_;)2)
Li* 100 to 4000 +2 to 0 —2 to 0 +9 to +24
Na* 100 ~» 4000 +4 » 42 — 0 +3 ~» 438
K+ 100 ~» 4000 +6 ~ +3 — 7 —b +2 » 420
Mg?* 100 ~» 4000 0 » —4 -3 » 42 +9 ~» 33
Ca?t 100 ~» 4000 0 » —6 0 » 0 +2 » +34
Sr2+ 100 ~» 4000 +3 ~» —6 0 0 +7 » +18
Ba2+t 100 »~ 4000 +3 » =2 0 » 0 +5 » +17
Niz+ 100 ~» 4000 0 0 0 0 —
Cu2+ 100 ~ 4000 0 » 42 0 » 0 r  +19
Mn?* 100 ~» 4000 +3 » —6 0 0 » 420
Fed+ 100 ~» 4000 +1 » 45 0 » 0 +5 » 420
AT 100 ~» 4000 — 0 0 442 —
Tit+ 100 ~» 2000 0 » 46 0 » 0 —
Si04%~ 125 » 2500 +3 » =7 — 0 » 0
BOg2- 800 ~ 24000 -2 0 -2 7 0 —12 » =9
POS2~ 287 ~» 6888 -2 » =5 0 ~» —10 —12 » —12
wEFR WU TAOSHARBLEBTZS RV T L, INVY T L, APRYFUL, NYTA
ety BEFEA LV ORE
Effect of diverse ions in the presence of 0.5 % potasium on the magnesium, calcium,
strontium and barium absorbance (Relative error, %)
Tons Concentration (ppm) M ( lﬁpp_m) Ea_(l/ E)_m_n)\ /Srﬁ/g;;m) w&)
Lit 100 to 4000 0 to 0 0 to -5 0 to 0 0 to —2
Nat* 100 ~» 4000 0 0 0 0 0 ~ 0 0 ~ 0
Mg2+ 100 ~» 4000 — ” 0 0 0 0 0
Ca?* 100 ~» 4000 0 » +5 — 0 7 0 Fig. 3
Sr2+ 100 ~» 4000 0 » 42 0 0 —_ 0 » —10
Cu2* 100 ~» 4000 0 0 0 » 0 0 »~ 0 0
Mn?* 100 ~» 4000 0 » 0 0 » 0 ” 0 0
Fedt 100 » 4000 0 0 0 0 0 » 0 0 0
AR+ 100 ~» 4000 Fig. 7 all elements
Tis* 100 ~» 2000 0 » 0 0o » -7 0 » 0 Fig. 3
Si0,2~ 60 ~ 2500 0 » +4 0 » —15 0 » =2 0 » =20
BOg~ 800 ~» 24000 0 0 0 » 0 0 » +3 0 0
PO~ 287 » 6888 0 0 0 0 0 » 0 0 0

3.3.10 AbmyVFUA
TAhVERBEEERMLUTA A U ALEIET 5.
YT L LERICH Y T A 5000 ppm OFETIEIE &

MEDFRLOEEPERTES (F6R).

3.3.1

AU T A

AFACTHLEINY T A, FHURIDH5FRINN
bB. AFUAETEE, YA 5000 ppm D ¥ K
TRELAERY (E6R). HTRIRE, Bk LEE
BICEENDIINAV T A, FFUVDOREEZELLTS
TLRIXVAETEIN, BEILBETDIKE, Th
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HRIEER—TEF vy 7 v—2 2 Av30vBECRTEESN (F5 %)

BORS LHMTBZ EROFEL,

3.4 NUDLDHEEME

3.4.1 NY YV AOHESEY

HEWRAPHD Y U ADHHEL, IR, AK
ENELET, 5L pbEL OWELE Lo THRESHh
TOVBHEEAY U A EEE e, EEECTRIEE
B4y DIIE, BB ERTOEEEEICLDRE, BFK
FETEHREL>ESBETRIT I, RV U ARRERE
LUTHAY Y 2 b0HETS8A, bo b bREICk
BT INS Y ADIEBERTHS.

By T A 2000 ppm BEIROBEE S BILERE, B
20EERIILEB LD bIEIETH O A Y MEERHEL,
BIORORRER/. FBREBEEZHNIHECL 2
&, HEBRBEN L2EETHIAMY Y MERESRRKITE
5.  Fi, HEBRBEC.1MEL L THRBEERELS
D LBEEOHIMC U2 - CRFER BV T 5.
FiscHER & (1953) Iz XAUE, BBV 7 ADHEGIZE
BBERBEVCHAICKRE L, BYERAINELRY, &

W TR L ARSI Zbhed L, 5B
HREICTS.

TNoDZ b, FEAY U ADERSME T ERE
EERN0. 12878, HRIRIREE0.8~1.08IE, I AV 7 ABEE
800 ppm LATF, FUERFHI0~2005/ & L7z,

3.4.2 FREEAY U LD

TR Y 7 AR AEBEIRICIET 2 2 L bbb
WTRY, H—BEL L cfHsh T3 (Heynp,
1954).

AR ik E AT 5 L pH 2385635,  AEZK 10
ml ZIEIEERDOKEMZ, #1200COFR L TH»ICE
L7 BARTOm! L LT pH Z2HE L (BE10KX).
BUYEREMERE R P o720, K5EBLEEED
PH {2 9.5~10.5 T 7.

NY v AORILE PH OBZERF L (FI1K).
pPH 8 ~ 11 Cilig g —E DRI E SN, 198 ETiRA
DIREVRHBDRS.

AE 351 10 ml T3 ~4 H5EWTHZ Lick ) 30mg

1500 |-
<]
1000 o
8 sool
& A HO1: 0.12N
- T | 1 ! i 1 !
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Relation of solubility of calucium and concentration of acids

Added Ca: 2000ppm
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Relation of boiling time and pH

NH, OH(1+1) 10m0} Boil 5,
EDTA (3%) IOml} —

ETORHRBAY 7 AREME L.

CLaL, 500~600°C CEAL ZRRER < U 7 ATUSIRIR
Tholr.

3.5 DOEBERHOSR

3.5.1 REBOER

JOER D JUFEERRERR L TART 5 2=2(100
ml) [z =@R{kiJ 5% 10 ~ 100 ppm (2725 X 5 HE L,
WRRA+DTHRL 20 BERIC 20 ml iz, ThiciR
BFrIUA28LIE5FE0.38 2MATEIIEYEE
TERETS.

FAI=UAA) PAI=AEER K & 5~ 100
ppm L7525 X 5 AL, Y ¥ Al 5000 ppm, #FR0.6
0.6BELEBLDICTB.

TAI=T AR TAI=VAERERIE & 5~ 100
ppm 235 k5 A7 52z (100ml) T4, KRER
FRYTA28LIE5E 0.38, HHRA+1) 20m! 2
2IBVETREDOBEELTS.

FHY L FEABRERIRE 10~200 ppm L7255
FIRL, Y ¥ A# 5,000 ppm, 73 =17 5% 500
ppm HEO.6HELED LS LTERLTS.

TSRV AL SRV NEERIRERR L C 0.1
~50ppm &L, %Y v AfH 5000 ppm, 3 0.6 HE L
BX5KkTS.

AV B HAY T MEREIREARL T0.1~20
ppm 2L, %Y A# 5000 ppm, HELO0.6HEERD
X5iets.

APuvFUA A rrFy AEEFKREYFRLT
0.1 ~20ppm L1, # Y ¥ A% 5000 ppm, HEE 0.6 #1
EBLRDX5KT 3.

RV T A NY Y AEERKEFRL T, 0.5~20
pbm L7555 2275 2= (50 ml) IAEL, AR
& 10m! 2%, Vv A 3000ppm L5 X51CLT
EELTS.

W, TVI=gh, FEV, 27XV VA, IV
YU A, AbulrFUARERO—MEZE12E, FI3K
WRLz. HI4K, EEEEAYV TV AOF ¥ — b Th
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Effect of pH on barium absorbance

24-—(9298 )




HERLER—

Relative abgotrbance
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Calibration curves for aluminium, titanium and

silicon
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Calibration curves for magnesium, calucium and strontium
(B): Turning the burner by an angle of 90°
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Barium absorbance

AHOFEELS LTHELEZD DO THS.  v»Ihd
BEETIE ) A ABRKECR, BEEELITEII LK
V#9520 ppm = CTEEAELRLS.  HIHKIEAY T A
BRERO—HIEZR L., 7 A4XBRECEARERT
ERIZEBR. HAVT LA, APRUVFTADER
THEHEE (% 30 ppm PLE) TiZ/ A XBRKRELEE
HEETH -7z,

3.5.2 JVERORE

FVBET T WROEEEREEANEERL, EEE
LIBRE R E A HER & 5 (JIS-M8852-1971,
TVCEMMTHE).  ZOFEOWRER X5 EER
EERTFERE TR R ) FIEE RN LR, Exo
BREMBELET, HHHELERTESZ LRbI-
7.

1) RE0.58EHELE (100ml) i@»V &, k&
BrrUU A28 LIE5FR0.38EMATERATS.
LIEWITIREE 25 ©1000°C DB K IFHIT15 ~ 205 BHHE
LCRAEET 5.

(2) BEMBHEFITRZEL, EHER(Q+1)20 ml 20
%, KR CINEEME L 720 BE204 05 6 T v
BEFHEES.

(3) BEASH%0.38, BVxzFridxd A FHEK

(23 & 5 &)

5ml #METELPEERZOLH 5 SHHKETS.
4) A% (57B) ZAVTAHBL, 2WEART T
2=(100mil) (25 3%,  HEER(1-450) TA{ELS 100m]

ChBETCEETE. ZO53REVEFREECL -
THVREERL, UTOBEC L > TRDBFVERE
BT 5.

5) ARZFR2DMhbYICE—Dh— (200 m) & B
&, JEB AR 150 m! OBk THERTS.

(6) IEEE AL LLICASBEOEIRAR, HRER(+
D 1§EENz, KETAH|ERMLL 2D BH1100£50CT

60ppm

40ppm

N
(=3
T

20ppm

Relative absorbance

=y
(=4
T

10ppm

BISK AV yrDFe—1t (2)
Barium absorbance
(Turning the burner by an angle of 90°)

W—REERET 5 .

Fyy—F—-THBL, ERZEIPS.

7) FH—B L VHEEATHIDBL, FHEO+D) 3
& 5o fb/kRERK 10ml 202, IR ETHEL TK
FHHETD.

{8) 1100£50C THy 5 NI L, SV & —& —HT
KABBEEZEPS. B TRPHERLOELDITV
FEPRDS. U TROETICVHEEEMZS.

FOBEROFVEOLERTSHE, (IORMEERE
FEA—F—ERCTBIEY, BEMREHICE b
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Calibration curves for barium
(B): Turning the burner by an angle of 90°

FERDTI., L, BEEEER OO TH
—HEEP B 7 v A, TAI=U AEERTZIRITHI000
CTTI5~205FET 2 LER D 5.

EHEAB RO T VEROERETAHEP BER ST
Fi30.1~1.5%Th o 7z.

3.5.3 TAI=UADEER

(AE R —5 - (LK SRR R

(1) 3%k 0.1~1.08 ZH&ELH (100ml) iZid» Y L
Y, PEOKTS 3BT, BHEFEER 0m! L5k
F 10ml & Nz BREBEHETS.

(2) WHEFRLOFERECIZT D THRMMEOREIH
bHEANE, BWHBS (KR 3 ~5wl ¥z, »
{FALZZO LBUREERETS.

(3) WEERMHEDRENIKT L bl bIcBR X
V5. B+ 10ml LIE/KK S0ml &z,
IR L COMBAERM R EAL, FREIRET5.

(4) 7= AEE 5~ 100 ppm, HERKY 0.6 HE
LRBLSILTT I =y AA)DEEREIKE L bl
EL, RERIVEFERRDS

BF: % &

BEEMA L & ORERBE—5 o LKEBRDEERY
BELTHREYWERRET RN, 3.5.2 TORRY
VCEOBREBREC LR o TREIZRISETS.  WTE
TRIEE B CT M =y ABOEERIRE & bIcHiE
L, RERIVEFEERDS. SHIERKES
WG ERBEE P BEERIRICE LT3,

EARREERREL PCC-1, DTS- sh o7 v =7 A%l
WHRR—5 o LAEROETER L FER, B1%2%0.38
~0.45%, #%%730.05~0.10%C &b ic RIFARERED
nhhrotz.

3.5.4 FHYV, S RXVUN, INVDA, Rbr

VFUADEER

3. 5. WD FHETREENMET S, WEROEHER
SOWPWEL, F&xy 10 ~ 200 ppm,w Ry b 0.1 ~
50 ppm, ZAY T A 0.1 ~20 ppm, X FrrF 7 A 0.1
~20 ppm OFERDZFE LY. 4V 7 2 5000 ppm,
ERO6HELRDXICL, EHREKL LIE1IR
DEGTHEL TRERLIVIEFEERDS.
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3.5.5 AYTADER

(1) BHEFHB0.1~0.582H&ESHIINY LY, B
BOKTHBRT. B A+ 5ml b5 ofbkER
10m! ZiMx X< FATS. BRECEKRBER
L, BERESK 05 ml itk - 7= bBR L Y BA .

2) REWELE—n— (200m) jchoL, HEE 1+
D) 2ml &z, AT2&EEK100ml izL, ZHLTH
MR R AR T 5.

(8) WREBWLAERDL, & bLHLT H60~70°CITHE
L7ehilg (1+1) 4 ml 2 - Y &ML, Z{p&E
¥D. FHETIO~0WEHEL, BREEAY T A ELR
IE5.

(4) AL, GHEC, 9em), ¥—h— & HHE (1%)
T2~ 3EWEHLTARICEEL.  BHEENSLIBE
> THDE —F—iz Ak, AE FHK 10 ml Lsk#y 10 ml
BB ZALEND 3~ 4 45ERMT 5.

B6) BBBART I 22 B0ml) gHhoL, BV YA
3,000 ppm L7235 X 5ICLCEREALTS. LBWERE
W, BHERIRE L LI | ROSKMETHIEL, RER
LVEEEERDS. '

3.6 B it B

BEEAEEABPOT VR, TVI=D A, FX
Y, RTRVT A, AAVT L, AburFI A, SV

U ADERBREE TRIOR L. FRS L bOT
BIc ko TRLNELIZE—RLTRY, BEMIC
THERTEZLOLEDRS.

4 B YIS

(1) HEEBRILZEE—T FL 7 —ar AV IETFR
MBI LY, FCBETOIVE, TAI=T A,
FHRY, 2TRVUN, AAVT A, AbvYFTUA,
AV Y ADREBIZBITS, MESlE, HERSOEE,
el MBS KRR L.

2) FCRITEEE LS COWBEREL, £
{RECC 3 BREDEENED bhEEERIEETSH -
. Ty, BRELEFIDEEGHEALELER
BERML, RELEREEL.

(8) EEALDEETOT LI =y MNIBEER—5
SEAERMBTEETE LN, BEEEELZ OB
ETELRAMMELRVEREHE T Vb VAR 2 BERD
OTC.

4) Fxv, <RV TA, ANVVT A, AbulF
YA, SEEREHE EESRE L 3o LSRR TR LT
DEFERTHEBEL, 7YY AERMLTAF VLR
B35 itk VEETER.

B5) ARYTADEETE, AAVUTFHLE I LYY

E A BRHERR 4 AT A R
Analytical data for eight samples of standard silicate (%)

SiO, AL O, TiO, MgO CaO BaO SrO
JG-1 X 72.18 14.30 0.26 0.73 2.15 0.051 0.022
(Granodiorite) {A1 72.17 14.11 0.25 0.71 2.12
JB-1 X 52.28 14.67 1.33 7.77 9.35 0.051 0.051
(Basalt) {Al 51.90 14.49 1.38 7.72 9.13
G2 X 69.13 15.27 0.51 0.75 1.91 0.203 0.050
(Granite) {Az 69.19 15.35 0.53 0.78 1.99 0.186 0.059
GSP-1 X 67.38 15.00 0.68 0.97 2.00 0.136 0.027
(Granodiorite) {A2 67.27 15.12 0.70 0.96 2.03 0.138 0.043
AGV-1 X 59.05 16.95 1.03 1.56 5.09 0.133 0.072
(Andesite) {A2 59.00 17.01 1.08 1.49 4.98 0.115 0.080
PCC-1 X 41.94 0.79 <0.01 43.43 0.55 <0.0005 <<0.0001
(Peridotite) {A2 41.87 0.86 0.02 43.56 0.53
DTS-1 X 40.42 0.24 <0.01 49.80 0.14 <0.0005 <0.0001
(Dunite) {A2 40.46 0.55 0.02 49.81 0.16
BCR-1 X 54.38 13.60 2.21 3.43 7.00 0.073 0.042
(Basalt) {Az 54.49 13.66 2.23 3.28 6.95 0.065 0.041

X: Average of five analyses by proposed method.
Aj: Values reported by Ueda et al.(1969).
Ag: Values reported by Flanagan(1969).
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A, FEUREBZHTREPBD bhie. Eaxdblz
R L 5o b RBRTHMBLIZD B AY U A EHRE L
LTHEEL, ZhE7vE=7 EDTA FRicE»L
TEELE.
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