543.426 : 552.4 : 549.23

FOEXBAWECLBIERFOERELIFMFTVOER
¥ B W

The Determination of Chlorine and Sulfur in Silicate Recks

by X-ray Fluorescence Spectrometry
Shigeru TERASHIMA
Abstract

Chlorine and sulfur in silicate rocks have been determined by x-ray fluorescence spec-
trometry. The instrument used is the Toshiba AFC-202 F automatic x-ray fluorescence spec-
trometer. Some conditions of the preparation of pellets for the measurement, such as the process
of crushing and mixing, particle size distribution of the sample, selection of binder, and effect of
water content are examined, and following procedures are recommended.

The 1.5 g of finely ground rock sample (under 200 mesh) was mixed with 1.5 g of Panorak,
a plastic binder, using the Spex 8000 mixer mill. Then the mixture was filled in an aluminium
ring and pressed between two steel plates at 21 tons. Calibration curves were prepared using
known concentration of the standard samples, and chlorine and sulfur were determined by the
operation condition as indicated in Table 1.

The method is satisfactorily applied to the variety of standard samples. The relative
standard deviations for chlorine of 10 and 1000 ppm are 40 and 39, respectively, and those for
sulfur of 10 and 500 ppm are 30 and 29, respectively. The detection limit for both elements is

about 10 ppm.
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CULFNEEEL LT~ v 7 AOFEBEHET S
FHEERE LK.
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VE—LRABOBREIE F VT AT U H — AL M
T 4002 v ¥ 2 LTI 2 0E D 1, BIEIEEE
TN S OFBELRL B 5. —HIRES (1969) e
UL, APRUYFULOERBIBVT, AMUF—-L
LT Iy 7R, BELOBEWE ST AF v 7
BHRTRALEOLNVy P 2ERL, BREFAHERLE
7o, ZOFEERE, Faser b okkic b T—REEY
D 3-4EOREPUETE, BELEETHE. &
Tk, MREEFVIREBROERGE, SMry—L
LTDEVR—2MEREN) Ty TOWER, ) Fv T
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ARERBC OV TOBREBREDRS.
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1. EBEBLUHE

2.1 % =

HZH AFC202F EF W AXBAITERE & Rt
7 v MEER (1.8 kW) 2{EH L7z,

RE OB, BA LT TRYERTROREENR & o 7 2
T =S MR, B)ITSROE) NI 0 5 ki
%, Spex 38l I F 94— I 1 8000 Fig X ORIFEH DR
SRS AF v 75 (10ml) LAR— NV (EEK 9 mm)
FERLRE.

TIEERERE Y, EAPESRMOBENBES v 2 & #H
L, 7TVIi=vay vy (44% 35 mm, N& 33mm, &
& 5mm) 2HWT, £FE2AMCCMESRELEZ. TN
I=U LY UUEKERET B Y U AEIR (J910%) TH
B LIOLREKTHREL, 77 AT v 7 FEITEREK

THEBELTHER L.

2.2 82 =

)Ty ZIEKRBAA VE{LFE BA-223, aw—
AR iZ Whatman CE-11, WMk vERY F ¥ A3/EL
FROEAELERLZ.

AT VCERIAEER I S 200 v ¥ 2 T IRBREL,
BRI (1000°C) T 1 BFAB L THEBRBIUA 4T
FPEBRELTHERLE.

EEYE I, KT v 8.780 8 I kT F Y T A
0.3308 LEEKREERT LY 7 A 0.890 8 204 THRL,
BERBLIVA T V2.00% 25T b0EEMLRZ.

3. ERBLUBRLBE

3.1 AEREOEE

XEERIZ, Z7ubl vV VA2 THRE L 2
B, AT VICOVTREEFEDIELALSE L X RHRE
NELNEN, WROBARZ v AEHRTH 2B VR
Enfgoni (8 1X).
DIREFROBETE, EDDT & Ge(l11) ZHlLic
R, Ge(lll) #Fv3Z &icky, HETH 1.50,
A AT TR 2HEOXBERE N B O, 2BHrbH 5
7a b KafBo 2 RMERL ZENTE (B LK.
Ry 2750y FOWEMB ERET 5720, HHER
T4 AT Img TR L T—EEDERBLUEY 75
RIEMLTEOREBLRGL, BREE2KTRLE.
— B CEET ORI A Y LRBREDCESHE
Bl 2BANbBN, TV TFVRAFTVEREDY
UTTCH 50, Ny 7790 FORMENEBX, HFE
94.5°, 44D 112.5° i Liz. ZOMOFEMTFIZo>WTE
BEL, MELEEE IROLICEDT.

3.2 WMELLURLVY FOES &XiGRE

B Ll BRI R ERIEN IS Y, £0 0.5
g IiEYEE 50 mg, ) Ty Yy 2.58FMATI*¥
—INTISHERA Lz0bRr y b 2EHL, BRD
BB L XRE OBRERF L. (B 3. 20R,
BIEEDSHIA S BB LT i o THREB LU Y 0 XH
BREEIZIRA L, #4002 v =TI 60-80 A v = ichk
RTERT0%, |47 CISBREDHE & 75 o7c. B
B BREOREICE AR —H S E 5 NEND 5.
RN Ty EBERRE (1:1) OEEH 248 2R
TRVuy FEERL, vy b OES & XEEREOER
PR L. ZoBEARLy hOEX T 1.70-3.05 mm
CELER, EEB LU 4 Y OXERENEIZS
BUTTChole. UTHIcZ bbb vERIZRE 1.5
BIAAVE— 1.58&MATRry b 2EHLZ.
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FORXBANEL L EEFROERB LA A VOER (38 %)

Rh Cr
EDDT Ge - EDDT Ge
r{\_‘/ : /\‘/
Rh L« Rh La Cr Ka
n=2 Cl Ka(
Cl K«
Cl Ka Cl Ku
i ] | 1 i | k |
62° 66° 90° 95° 62° 66° 90° 95°

BN HROFBCRBIZXBRE L FRB IO REROBRFE
Intensity of Cl Kq on different X-ray tubes and analytical crystals.
Note the highest peak on the Cr tube and Ge(111) crystal.

Cl Ka«
(1mg)
( 5mg)

Pb Mr Mo La
“Omg)\ (2mg)
A 1 1 i

90° 95° 106° 114°

B2 HF, A4V, BREICEIITVEER LXBMEOBR
Relationship between X-ray intensity and amounts of chlorine, sulfur,
lead and molybdenum. The added amounts parenthesized.

3.3 TrUYIRDEE FCA AT EERL, BEWEL ) Ty 7 DRTES
EHEYVE 50 mg ot LT o ofEEHE BEEL vy b 2EELEEHMEERE 2 RITELE.
SETHEML, Thic) Ty 7 eMaTRE0EY 3 AbOEICE 2-5% OERBEERS TN O CHIER
izlL, UT 4.1.108ETRr v b 2ERLTHERE SHHIITELVY, W ThoRS b <A FRA0REERE
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#HEAEFAR (B2 8 4 5)

Bl W x £ #
Analytical conditions of this study.

X-ray tube Cr-target 50 kV-30 mA
Crystal Ge(111)
Collimator Coarse
Cl K 92.76°
Goniometer Background 94.50°
setting (2 0°) S Ka 110.69°
Background  112.50°
Detector Gas-flow P.C.
. Gain 0.28
Lower 300
Path Vacuum
Counting time 80 sec.

%, WERELCHAKREARZEED bh kv &
Tz, BADERBERML~MN) v 7 AREL>TLRE
BOMBEE T RERESED BRI & B I UEERE
DOHRWHRERIPMBONIEIC X BHHHE L 1SiF BIF i —8
ERLIEZEREDD, Bl b ) v 7 RAOHBEMHIE
THERERTbRCZ it L.

3.4 BROMER
EEOFVERERE L LTERAFR LY vy 7 RDOR
7% IG-1 (ERPRSE), IB-1 (ZRE), HK-96 (&
FA ) BB, A0 LTEKTIVES
BATAL v F— LBRHEE »2 TREROER IS

IR HERDOFE
Effect of other elements on the determination of
chlorine and sulfur (Relative error, %).

Elements Taken (g) Cl (1 mg) S (1 mg)

SiO, 0.2 to 1.5 —25to —59 —27to —62
Al O, 005~ 1.0 — 8+ —46 — 7, —48
Fe,O, 005~ 1.0 — 7~» —43 — 5, —43
CaO 005~ 1.0 — 5~ —28 —11» —38
MgO 002~ 06 —10~» —37 — 9~ —42
Na,O 0.10» 06 — 5~ —28 —10» —35
KNO; 010~ 06 — 3~ —23 — 4, —28
ZnO 005~ 06 —10+ —37 — 9, —A43

WTRRRT LTz

3.4.1 v —2BEEAVIES

ZhZhOMRBEHc—EBOEEME /ML, 2
AV F =L LTee—2BEREA, ANEDO 5 E
TR EBIES Lz by b #EHL,
RBIUOAFTVEERELE. B4R+ TizovTo
R AR L, BCR-1 88X MRG-1 {25\ TiR
MUIeAFUTIERL, BIPLERCEER TV
DTHDH. TOFETRE, BAOEEICX - THhThic
BREBROBEENRRERY, %k, BUPLERCEEAT
WBAF VIR BRTI-5%ECXBRE 2 E 6 h
7.
B LTH VS RAF v — A1 MUERFEHLT

1.0 |
R
= 0.8}
o Cl Ka«
> L
B S K«
c
9 o6t
=
r Cl,S: 1 mg
s | \ 5() L }
60 80 100 200 400

Mesh(Si0,0-5 g )
HEIX BROBE & XBBE OBR

Relationship between X-ray intensity and grain size of the samples.
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S Ka Intensity, CPS

300

200

100

Cellulose - 1.A.

] | 1 i

500 1000 1500 2000
Added S,ug

EAK wrm—2BREAS vF—-L L, AR O 5P TLIE
L BaOA 4 VIRME & XHREE O B R

Plots of counting rate against successively added sulfur into four samples
mixed with cellulose powder using the ISHIKAWA agate mill (I.A.).

*: No addition of sulfur

S K« Intensity, CPS

300

200

100

Cellulose-T.C.

Q}I.A.
X

JB-1
SiO2
JG-1

| { { (|

500 1000 1500 2000
Added S, ug

BOIK ruw—ZAPEKRESAALVE—LL, FVISARATVI—AAL

BBTLELLEBEGOAA A VIEME L XRMEE 0 BF

Plots of counting rate against successively added sulfur into three samples

mixed with cellulose powder using a tungsten carbide ball mill(T.C.).
I. A.: ISHIKAWA agate mill.
*: No addition of sulfur
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wEARERAR BUE £ 45)

LR RAERERET-BREE S KR L.
ZOFETIEROBEENELE > THIREELVEED
REZHELN, BUPOERCEENTCEAT T L
BMLIcA Z Y OXBRECREZZERIBD L.
BHRIcOWTLIREALREREER S .

3.2 NSy rERCBEEE

RAVE =L LTI Ty 7 BRVIZEA OERER
2EORITR L. ANED O O B CHIHES L
EAE, IFV—INVTRAELEESIL BRTECX
HRENEOIEN, BRUNLHBICEERTVEH0
L BRTHEL, TOHELFIVTRAT VI =114 v
P E R A RNENSHSB. Ll, S Fvrksvy
AT VT =34 DTS T LR, Blick 5Tt
P IRPEESTLECRV Yy R TERDP -,
Tk, R Ty I ERCBEFETE, BEBIOS
FUVEEREMORE A TREREZERES LIz
Liz.

3.5 NAUH—DEFE

ARERS (1969) EAEP YA, AhnrFUADEER
(R B —DRETEN, ATTY VR, 13D

B, ) 5y 7 il iconCEMARE 21T, BE,
BAE, BEOELL A Ty 78R LTI TBZ L
BIEL. —F, Faser 5 (1970) Z&vw— 2K
RFECAHEFHERLTVAOT, FRERTIZZD2-
oW THER L.

RSy ERCESEE, KPEEENE R E T
i, vy MERBOREORE L L b IcERB LU
AT OXBRENENT 22 ERlbhoin. AATITD
CCOBRERREEZE 7TRIR L. BIRZAAVER
ERD i, KPEFEDHECHAICKEL BB LN
bpd. ZOFBEPRLTIHELCOVT, SLUF
—RBIONEFEEREL RN LIERE2E 8 KIiRL
72, Huvi=stkhidks 5.2% D PCC-1 ThH 5. Erm—
AMEERCTE AT U — AL SRS CaLE
BHEEMAVBRY FULES) Ty 4 DORAY
EEV, %Y — I TRAMET 5 HET IR XERE
OEMRDI. MEAVBRYF UV ADORERACD LSS
T XARIREE DWW 72 5 BRBHC & » Tl &
Dz, Ny hRTER.

Elw—RMRER, ZUTRTUH =L SR

400
300
(9]
[a
(&
> 200
byt
)
c
o
-
5
100
<
wn
0 1 ! 1 |
0 500 1000 1500 2000
Added S, ug
O /T v AL F— L LBAOAF VRENE L XBEHRE OBRKR

Plots of counting rate against successively added sulfur into three samples mixed
with Panorak using a mixer mill(M.) and the ISHIKAWA agate mill(I.A.).

*: No addition of sulfur
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FoBXBANEC L3 BFFOERBLIVAAVOER (F5 )

[o-]
o

k

(<)}
o

N
(&)

H,0,% S, ppm
PCC-1 5.2 20

JB-1 2.0 59

JG-1 0.6 14

—2 BCR-~1 1.6 398

o

Increase of S K« intensity, %
>
o

Day

BITH AAVOEEICHT S XFRRE WML KSESHEOBG

Increase of S Ka intensity with time and contents of water when

mixed with Panorak.

(o]
o
T

~
o
T

N
o

Increase of S Ku intensity, %
T

o

Panorak-M.

Cel.-1.A.

Li2BsOn « Panorak-M.

Day

%38 BB OLE G & XARIRE o 3o Bk
Increase of S Ka intensity on the four ways of preparation.
M., 1. A., T. C.: As for Fig. 4-6.

Sample: PCC-1 (5.2%, H,0).

BTRBE LRy y b RGP ICHET 5 L RT I
REL, REIL-TRTAI=T LY VBT

BOTFYr— 3 — P BETBRERDS. ) Ty

ZERCEAVy MEAKTIBELThHIELAERLL
Lighoiz.

AL F—ELTEAr =K, Pk LTy
FRATZ I =4 MERRAC3 L, HRKC X 3HRE
BOVERINTIRTH B Z L, ADEBEROEERD L

REDHEREZN, N Ty 7eHBHEIRL B
TRBHAE I B BRI 3-4 005 2 &, g
LEVIRTY, aANEREBMBATSREDRAN
HB. ZOED, REBIZACIRBOEERL L UA 4
Tikere—2BRERAVCLEFETEEL, —HKOBE
SFTEA) Ty 7 eHCRILIC L.
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WEBETAR (B % £ 4 5)

4 EEHREEERER
41 & 82 K &
411 U 5y sk BvEEE
BREE (2004 v 2 BAT) 1.58L°/)59271.5
RS TAF v FRBTEMND LD, F—AEARTEH
ek L, FTREIR VIBE/ZOL 2 29— IV THISH
MEBHREET 2. TAI=U LAY VI E2FCTRER21

BT, TAI=vAY I ERRA, £FE2F THE
BREIL, qvy b 2ERT S,
BRERAOSR VY M, —CEOEEYEEZZ IR

#£3% JG-1,JB-1 iz o\ T o split BIHHFEER
Analytical results for chlorine and sulfur in the
various split samples (ppm).

JG-1 JB-1
b UTHEREY S, TRRERASV Yy PLLEbIZE Split No. T a3
I ROFMHTHEL, ThENAY 77TV FOMEE
LB TREME Y SHREEKD 5. ! 596 145 172 586
WP LA 4 7 BFREMORE S L0750 73 2 602 146 169 602
EM ORI B E BT L BRI LTS L bt ; 0z M2 I o7
D BB R 4 59.0 14.0 168 58.8
KO EHE RN 2 %) EOREITIL, PIAYERY F ¥ A ° 0 142 70 2
" ’ 6 59.0 14.4 170 59.4
&3 Ty 74 DERE LIS v 8 =& Fe TRl 7 602 142 170 57.8
BIOBRERESVy b &8T5, 8 60.8 13.8 166 56.8
4£1.2 eprw—2HREMACZHE 9 59.8 14.0 170 58.4
BERRE 158w —IWEK 1.58 2 2L RF 10 60.6 14.2 172 57.4
VI — AL MUBBRRBRZENY LY, 05 EREYR X 59.9 14.2 169.7 58.5
AR BURBLTHOEZEBI AT VONWESR
Analytical results for standard silicate samples.
Cl, ppm S, ppm
Samples —_—— —_—
X + S.D. Ref. X + S.D. Ref.
JG~1(Granodiorite) 60 + 4 59 14 + 4 23
JB~1(Basalt) 170 + 8 175 59 + 6 40, 50
G—2(Granite) 51 + 4 50 644+ 5 24
GSP-1(Granodiorite) 306 + 9 300 200 + 6 162
AGV-1(Andesite) 112 + 8 110 46 + 6 <10
PCC-1(Peridotite)* 734+ 5 60 204 5 <10
DTS-I (Dunite) 124+ 5 11 11+ 3 <10
BCR~1 (Basalt) 544 8 50 398 + 9 392
MRG-1(Gabbro) 158 + 6 — 544 + 10 —
SY-2(Syenite) 128 + 6 — 112 + 2 —
SY-3(Syenite) 134+ 6 — 346 + 9 —
NIM-D(Dunite) 294 + 8 430 66 + 4 9
NIM-G(Granite) 221+ 7 175 68 + 7 125
NIM-L(Lujavrite)** 1056 + 27 1200 510 + 11 650
NIM-N(Norite) 41+ 6 42 454+ 3 42
NIM-P(Pyroxenite) 744+ 5 65 110 + 3 160
NIM-S(Syenite) 454+ 6 36 35+ 6 65

Averages of this work (n = 5) S.D.: Standard deviation
Data obtained by Li,B,O, and Panorak binder

*¥: Sample used as calibration standard
Ref.:

Rl

Other data from FrLanacan (1973).
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FWRXBASFWECIZ2EAFROERBICA A VOER (8 )

FUh =L MPEBICEMD LD, ThiZEKTVEE
Mz CLES 1.581CL, &bic 1.58D k-2
Kemz, LILRERcLEL CERTS.

42 E 88
EREREREROEHRER IO & v OSHERSITE
CEoThh ) BRSIERRESRL TS (ANpo &,
1974; FLanaGan, 1969) ¢, = oFEH VEREE DI
BRIz BT B b 00 E 5 ERT 5720, JG-1, JB-1
{z-ov~T Split No. D& 58EHz >V THEFRR I U
FTUEERL, BREEIRITRLEL. 9 E © #
i, JG-1 DT 59.0-60.8 ppm, A F7 T 13.8-14.6
ppm, JB-1 0EFK T 166-172 ppm, A # 7 ¢ 56.8-60.2
pPMTH Y, DIEEU FLOEFRD O TELDTHY
—RERENMERENTY BRI ENHL P E R 5T,
4.1.2 OFETHAZEERE NIM-L oERBS LU
FUREEL, TheRERARBLLTHY, 4.1.1
DI CHEAREERBTOERR IO AV EER
L, 5EOHEEDLTLHER IVEERZELRD T
BMEL B L TE 4 RIR L. HR v TRISER
Wh—EERLTBY, BEMTICL Y SAMATSE
BLEDRS. A XTIV TIE, Mo HEcL3
SIHERD IR &, BIOA AT OFTERBIFERE
P L > TXBHRENRRE LS (ELSHEIMER 5,
1975) = L bEERERITTERVE, SRkhicT
EBFEP L EERE E A IE L D BAERT
x5 LBbh3.

TEMREL, HERB LA TIZ o TH 10 ppm
B4 30-40%, 500-1000 ppm Tk 2-3% TH Y, HH
MRS 134 10 ppm Th 5.

5. b HIT

ZIT, ADEEELWU OB EOE VTR
DRERTER L, RS, HEME, BEEEs
REBHEICC L S OREREERT I LICXY,
EoicBEFAERABEOAD LRDNS.

4 AT O/ BCTE, FEREBESEBER 2 Y,
EusEmER B (1975) iz X4, Bz 5~ ThHig
BECRRB%ECXBBRERELNS. ZOEBERE
FT57-0, EOMVFULLERE) VAT VEZY A
TEMEL DL ERTAHEFRE L. L LREL
B2 L HREN D200 01%UT DA v itEER
g7z B D TTE BT ATRBNCEEL U7 BiER s &
AWCHET 2 2 EnMELEbh 5.

(FEFI504E11 17 B)

BJIETF  NRETTES - R (1975)
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