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X-ray Fluorescence Spectrometric Determination of Microamounts
of Sulfur in Iron and Steel by the Glass Bead Sample Technique

Kiichi NARITA, Masayuki TANIGUCHI, Noriaki OTa,

Naomi KoTtani, and Takeshi GoTo

Synopsis:

An X-ray fluorescence spectrometric method was developed for the determination of microamounts

of sulfur in iron and steel.

Sulfur was separated as barium sulfate based on a conventional gravimetric method and then instead
of weighing the precipitate the X-ray fluorescence analysis using a glass bead technique was applied to
improve the precision and accuracy in the barium sulfate method.

The outline of the method is as follows:

Five grams of a sample are dissolved in nitric and hydrochloric acids. The solution is evaporated to
dryness, the salts are dissolved in hydrochloric acid, and metallic zinc is added to reduce ferric ions to ferrous
ions. After adjusting the acidity, barium sulfate is precipitated as usual. The filtered precipitate is dried,
heated, and fused with 5 g of sodium tetraborate in a Pt—~Au-Rh crucible to prepare a glass bead. The
X-ray fluorescence intensity of Ba La is measured on the bottom surface of the bead and is converted to
the sulfur content. Calibration standard beads are prepared from pure barium sulfate synthesized from

sulfuric acid and barium chloride.

The proposed method was applied to JSS standard carbon steels and satisfactory results were obtained.
With some modifications in the sample treatment procedure the method was also applicable to steel making
iron and stainless steel. The method gives accurate results for sulfur down to 0.0019%, and is useful as a
standard method for the determination of sulfur in iron and steel.

1. i

T, ARBRER O RS HIR OB 2 I AT b T
WHD, TR E DR DTENRSEFHMETOME S it
AMEZRIE L 5 2 IEMER ST HESERSh TV 5.

BUE, SR S ORHGTEE LTI, ERIBIREE
IR BRAERD CRIVBIREED 75 &% 25 A 7o R
DL, P OEEMEO T SN RN I 0T RS K
Lo2dH 505 ZHDEETHE, SEFROMHENEEL
WLk 5 2 LIXEMTH Y, TEIIEHEREHO L
2 S HTERE & S AR DI e SR & Fe SRR & LT
Vv, SHNEZRDRFIIEL B, L Lass b
S OEEFHCBI LTz, FEOHIRGE D E03E8
HDHENDD LY, THOERENC X AME Sz

[

TE LT OEHEMEEMH 2724 DX AFEEE O 2k
TH5H. L 2T Th SMREEEOME A DB

LT, ETIREEZIRGE LS 5 RUES LR ST L,
TNCKDEITEHB TR ENTERME L Lo
W5 BIE, RO S ORUESITIEL U T IR
U U AERTED JIS IWRAY ShTw52, ZohEk
% 0.010% DAToME SoRRIcEHET 5541013,
EREBATTREMBEAPERINTERD, SHREER i
RIEDDTHBHD.

i, Zh HOMEEZ R % H b R <, Rk
TRERE TS CHALK SRR AR EED 0 K
L DBRIEMRFT SN D05 525, BH LI FEDSE
25, HERE CTHEH T X B RE &HEE R i x i Ak
LIRD S B L WG FIEREMESLT H720ic, HIRE

*OMRAN 51 SR 4 AARLEIEARICTRE WM 52 4£6 8 27 HE4 (Received June 27, 1977)
EO(BR) M BUERPT AP REFFE AT BRI - T (Central Research Laboratory, Kobe Steel, Ltd)
kR (RR) M E SURFR T et et (Central Research Laboratory, Kobe Steel, Ltd., 1-3-18)

Wakinohama-cho Fukiai-ku Kobe 651)

— 109 —



632

# &

% 64 4 (1978) 45 =

— R X TR 2 1770 5 1 WIR XERIHT ik & A
Hlikc. ThbbH oA — RECRAEFHGCL VIE
W 2T 5 2 23 RECH D, T CICHlH A RE
TTROSITCEAE L, BEFLERIETCVEODT, Z
TR EAP oM E S~OBH L. FoTFRYE
—~ NELORE L 2T, BEOX VWEHEEL VWb THY
% DRI X 2N\ XERG I D1 T b —EftRaT 2 0
Z7z.
TEROEREORBENMER CEL L 5EZ RDO—> L
LTROAR L 52 EBHFEICL D SEERKD TV D fids
HF oD, ZOXSEGETE BEFPEL, it
FLRL EC X HBROPELZZT 2TV LeRD>T
HEDEIAREREED LB OERFEE LTELILDE
DEICHE LTz TibbH T JIS EREobEERN
KSR E LTCOEMIRFFS A EE, fTRmaz
B 7=ic, S O BEEINGEREIRITERBICHE U T
v, EIR L7z SEDHIEZEE B X OERKICT <h
TR T VXSRS S 25 Hkeat L, oWk
EBIRFEESOEERENDZ L E L. FOREE,
0.001% = ToOSZIEHEEL S ERL S 5 HIELHE
LT, UTCEREREP ST 5.

2. R BR /&

2-1 FRHEELBLIOHAE

F U X g brE . Philips 4k PW 1450-AHP
A, oA — FOERICIITEEERUE — Ry 7
SV, ERARETERA TS s TV E—
FBEB| AT E2 A Lz, £ Ofth, RO 5
WREE/NY U A PR RE T QELERT pH 2 — %
— U —2—NZ, AZ—~F—7n R L.

A L LTI RREAREE R (N/200), (/N o &9
W (AOW/V %), LY o KEEEE R NY D A
2g ZIERE(24-98)100 ml AR} ZFAM L. 7208
R 3 X OTHRRILEBE L 2, T OO R L 2
Lz £ DIEd, HF28ROBTH & LT4LE Zn(99.999
%) %, TLBYERER] L LT ,95 2 NP-20(0.02W/V %)
LFER(0.002W/V ) 2 A, H5 A~ Rz kT 5
BRI UK S5 MY ¥ AR XOE LS Y
v ABFER L.

2-2 HKROBNBHLEROTHEE/NY D LEBRERRE

AUt N JIS OFRER N ) U A EEIEY CHEL T
T2 TOMEIS>ED LB TH5D. Lk
A7 VAR W TR OIS T S 2se4 iz [
WTEex2zD T, B X SIREEIMAT .

A 5.000g wiEREmMA VY A 1g BNz, THEEEE
RERCHB 2SR T 5. BREE L-0b, HEiEEmz
THIEZER L, WMEIRE2TECRETH20IC 0
E% 2 Bk KT, IEEREZIERCIER LD,
Bz 5L, €8 Zn 2 VCABEBOE 282 E 1
GRIBRILT 5. BEAH L TREGEDEE Zn 2R %,
ST DALY U AR Z INZ CHER/N Y 7 A D
e AR EE 5. AR, TRBEER & LT e
Zr 2mIWEinz, 0wmin X rEEEiob, —
KHERET 5.

2:3 HSZAE— FEKICKD SERBRE

HIRC 2-2HiC X D AR AR L7eRiER /N U ¥ A DTRIRIE A HK
Tzl sk (5#EC) ZHWTARIL, kN
VU AUEEHIAWCCRURIGEE S, R RO b
{IBETEKRTHRIF TS, WEIEAKE & diT Pt-
Au-Rh ®IOX Bz L, HAN—F—THRLTMEL
TAHRZIKILT S, WwE, E58F by v A 5.000g
BROEILEHNTRAE~ FOHEERZ X < T57-Dic K
b+ VoA 0.100gD%hn%, €— K35 —zk
DAL CH S A — F2ERTSE. €~ K3 5~
DFEXESNFT RIFEEE 1250°C, Fhf#rFR] 3 min ¢
5. WIAE—FRRILTCELTVWAHELEHETEE L
T Table 1 OHELHET Ba 7213 S @ X a2
R4 5. neXiEskicix Cr deiie v, &ko
HiJ7vx 50kV-50mA, f55H5T1E 40sec & L7z,

2-4 AfEiECEBZ S TEBRE

—75, AMRERC XD SEERTAEAIE, 2-2 fiiic
L BWEAERTHA R 0.2um AL TI - Tauk
—&ey FLEES|AEBTAHRIL, RERITRS. L
BIiE 7 avg—Lihizrrn o BoEREY v SIS
AICEZEL, F¥i—&% - Tkt RS CE
E® LT Table 1 OBIELBCHRBELZIIETS. &
BEROH NI L EOEy b TS & Ba D2 5ERHIE
T 57D SKe 13 50kV-45mA iz, Ba L, |3 40kV-

Table 1. Instrumental condition.
Element Line Angle(20) ( Crystal Detector Collimator P.H.A
Ba L,(1) 87.25 LiF FC Fine 300-700
S K, (D) 110.68 Ge FC Coarse 300-700
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Fig. 1. Calibration curves obtained from glass
bead samples prepared by using BaSO,

precipitated in two different manners.
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Table 2. Comparison of analyitcal results of sta-
ndard sulfur solution.

Carated TR Calibrated by

Sample S(I?ldc)led BaSO, pptd. BaSO,
8 IS found| . |[Sfound |

(mg) (mg)

1 0.160 | 0.177 | 0.017 | 0.169 | 0.009

2 0.237 | 0.253 | 0.016 | 0.242 | 0.005
3 0.315| 0.326 | 0.011 | 0.311 |—0.004
4 0.520 | 0.545 | 0.025 | 0.521 | 0.001
5 1.040 | 1.097 | 0.057 | 1.058 | 0.018

* ¢ = S found — S added
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Table 3. Comparison of accuracy data obtained by
measuring Bal, and SK, lines.

S S taken S found (mg)
ample (mg)
BaL, d* SK, d*
S-1 0.023 | 0.021 |—0.002 | 0.070 | 0.047
2 0.047 | 0.046 |—0.001 | 0.110 | 0.063
3 0.093 | 0.094 | 0.001 | 0.007 |—0.086
4 0.233 | 0.237 | 0.004 | 0.231 |—0.002
5 0.467 | 0.466 |—0.001 | 0.459 |—0.008
6 0.934 | 0.928 |—0.006 | 1.017 | 0.083
7 1.401 1.407 | 0.006 | 1.259 |—0.142
8 1.868 | 1.866 |—0.002 | 1.915 | 0.047
agd 0.0037 0.0784

* d=8§ found-S taken

Table 4. Data on precision.

Repeatability Reproducibility
n
(mg) (mg)
1 0.228 0.232
2 0.230 0.221
3 0.227 0.228
4 0.230 0.232
5 0.231 0.226
6 0.230 0.222
7 0.229 0.233
8 0.228 0.236
9 0.227 0.228
10 0.228 0.229
z 0.2287 0.2287
g 0.0014 0.0047
CV (%) 0.61 2.06
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Fig. 2. Comparison of calibration curves prepared
by measuring BaL, and SK, lines.

Table 5. Analytical results of standard sulfur
solution.

S found by filter .

S added technique (mg) iri?:ili)ri(tiatlél bf;ltgfa:‘snd
(mg) S K, Ba L, |bead technique* (mg)
0.500 | 0.380 | 0.390 0.455

7 0.582 0.505 0.445
4 0.498 0.480 0.480
4 0.503 0.515 0.480

* The technique was applied after the ignition of the
membrane filter with precipitate
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Table 6. Effect of addition of flocculating agents

on sulfur recovery.

S S added S found (mg)
ample (mg) —
“Separan NP20” | Agar-agar
1 0.105 0.125 0.110
2 0.210 0.230 0.215
3 0.420 0.433 0.430
4 0.525 0.535 0.527
5 0.613 0.602 0.613

Table 7. Recorery of sulfur in presence of iron.

Ee S S Net S Recov-
added | added | found d* ery

(g) | (mg) | (mg) | (mg) (%)

5.00 0 0.008 — — —
4 0.008 0.022 0.014 0.006 175
4 0.016 0.028 0.020 0.004 125
4 0.040 0.033 0.025 |—0.015 62
4 0.079 0.068 0.060 |—0.019 76
4 0.158 0.157 0.149 |—0.009 94
4 0.237 0.251 0.243 0.006 102
v 0.316 0.333 0.325 0.009 103
4 0.632 0.655 0.647 0.015 102
4 1.027 1.018 1.010 |—0.017 98

¥ = Net S — S added
BEEPZ25Z LM LTHEARMIc X ThRERS
ER LTV DT, HBO5 G DB K E T DB
BT S OERPARELTHINEEEBECERELE5 25
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Table 8. Loss of sulfur during sample

decomposition.
Sample

Low alloy steel

Flask attached

with condenser Covered beaker

0.0619%,
0.0619%

0.056%

(0.06095*) 0.056%

*  (Coulometry method

Table 9. Analysis of some rimmed and lilled
steel sample (%).

Sample H.F combustion Proposed d
p I.R absorption method {[method
Rimmed 0.0031 0.0017 |—0.0014
4 0.0037 0.0021 |—0.0016
4 0.0039 0.0023 |—0.0016
Killed 0.0038 0.0028 |—0.0010
4 0.0040 0.0028 |—0.0011
4 0.0032 0.0028 |—0.0010

THER & IR X D @7 5 MR RS B 7R U7z tE AR TR
#} (Fe-0.25C-1.25i-0.3Mn~0.2P-0.3Cu-0.6Ni-0.1Cr
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Bz 2w To Y & P, Fov PSR 1 flZ2 5
JEI R TRV R & el L€ Table 9 iR, Ak
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WV FRFOREFBEC OV TIISBRTT LT FE
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I ok iER, S Ke O¥— 2033780 b, SiEHic S
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Table 10. Comparison of S determination in gray and white cast iron.

Sample treatment Method described in clause 2.2 Modified method
Sample Kind Gray (0.0099,S*) |White(A) (0.0059,S%) White (B) (0.0022,S*)
(5g) |'S content 0.450 0.250 0.100
(mg)
S added (mg) 0.200 0.200 0.200 0
S measured (mg) 0.612 0.580 0.054 0.081 0.297 0.292 0.124 0.093
S measured
S content - (%) 94 89 12 18 99 97 124 93
S added

* H.F combustion I.R method
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U7BREZ/ N U U AR AREBE L, 43[BT & 7 5
O EEZBNG. T LIRBICRNS X 5 I
ERRB RO 7GEICBEIREP A LTS itk 2T
LTINS, b UFHERRSRIE L & Thid e i E
{5 DEFZZ LS. & X FRT DOV T LR AF
BOBRPCEED T T 7 74 b - I—RURED B
BH, PLFHRE < JLBRARKHT O 5 AL X DTk
T & 50 THEX LDk,

L7 DTHEENY U ADIMBOAREZINRILTWDS
WEWREOMBF2RET ST 2mz, &
DFET X DT 77

okt 5.000g % 2-2 fiOFMEHE T THEL, &0
{bAKSERRKY 2l 2z Chndl, REEL, b vik
RS S DT 2-2 8ioFNEC X > CRIVETEIREE
REDEWER SR L, Sk 50 ml DUFICIRIET 5. IR
e AR OB E A Thr bawRt e L, WE s
FEOXFN -4 VTFN -4 b (MIBK) 2inxC
¥9 5min KL< S0 ERS. WELT2BICHHE
TIEOBREENE IO SR BT LBk (MIBK) %
g (1+1) 10ml Ty, BERGERERCAYE, LE
W5, zo BRI 3 lio Fe & & il
DRIy DIEER IR FEHN RS TFEEE 10 ml 2 MIBK
50 ml ZERVAVKICINZ, £S5 minfl.e 0 F¥ T TEORE
BRI E—H—icthE L 5. ZOBABKA 10 ml T
IRME L, XD 30 ml 2inx CAORBET5EEH
RBEGEL 7o © LEEARREZE L CHBEZRE,
2-2 HiOFNEIC X DOTHERNNY ¥ & ORBEEZARES &
5.

ZDOHBER X > THBRER 5T LickE R % Table 10
O L BB R BRORE IR, MR TNEE
2HRTw5.

3-4-4 7 Cr Ao S EIRFEDMET

AFU LA ED L St Cr 4B ICE8H T 538
COWTEE, AR BEIR CRRBIZE T 5 LA B
Cr g4k L, ZhPMEEZTRIRALLY, $/-2Zn
X 5 Fe OBITIHEC X2 TCHMBRMRTSh, 28
EDORER®I S L VWb T,

T Cr B2 sdicxrhth Cr XK
SEFRDIELTCHHREMEAT 2 VMO LENIE
HESRBL 2 T VT 2- 2 HiOERIZ 31 5 S D[R 2 FF~
7o BB SOEEBWNREMEAT L VAIROWEI D &
DE (&85 g) DERLERRIVEN L. Tk
£% Table 11 ZRLTW5%, Cr &L 3% DI E
Wit b LEEN 90% ATk 5.

Cr 0B a i Fike LT, BIERES F-MIBK

Table 11. Effect of chromium on sulfur determi-
nation in the method described in clause
2.2.

Stainless steel

Sample (prepared plus carbon steel

by mixing S.T.S
and C steel*)

S reco-| Reco-
vered |very

Cr(g)**S (mg)*¥ (mg) (%)

0.050 | 1.341 ) 1.382 103
0.100 | 1.310| 1.240 95
0.150 | 1.273 | 1.243 98
0.200 | 1.239 | 1.060 86
0.972 | 0.715| 0.607 85

* S.T.S. 24.29%Cr 0.011%S
C steel <0.05%Cr 0.0275%S
(S determined by conbustion coulometry)

**  Calculated from the Cr (or S) content and the weight ratio
of stainless and carbon steels used for the sample preparation

O QO N —

TSR, Wby v v e LT Cr 2IEsss3 2
5, Nydahl pE202070 Bp3d 278, 0 4 i 24
MEEL, BREOD HFERPB LN 1Dk Lizss
2T Cr OFET OV TR LakER, Crix 3 hodk
BT L CMBEL VT LR TELDT, 22Tk
Cr OREE{TR Y, MIBK x> Fe #fpk+5%
TEICXY Zn T X B5ETTHER AL FIEC X D ERT
5T R

A DMEL RV 3-4-3 THOBB DB A ICHE L T 1T
otz R LB WEOEEIRIEIIE R, o
FRGr PR R DEZENTIE & {WIEBE L, VR 1R 25 T X /o0
FTHWHEILT, B2z LTk ) Rk Cr 1o
Lzfhib Uz, F28 1EIHO MIBK #hH# o
Wiy, ©—H—TRO>TWEL, WH{FELT w5 MIBK
RS IE0b, WHEE 3 ml iz T Fe 2E{LL,
BE MIBK hH 52 T2 ZoEEc X 99.8
%L\ LD Fe pfrEahd. 72 Cr lg 245K
Fe % 0.001~0.15g ¥ Chnx/-&HETo SEINEER T
Fe 0.05g FTix 9% Ll EoRINISHERIN, BET
%5 Fe OFEIRD S0tz B Fe ORISR~
DOFEER D IRIE A H 3 BESEic X o T Cr 28 2 ffid Cr
WEBILINTWB BTN SO0 THRILIER Z Biic
CO%E 3 ml jnxic.

DHET X HHIREERB O 4P R% Table 12
WY 2L D EBREOS HEIMELR T VWS,
EEEXDEREEEok. DX 57MER T, 1EHE
fEHEROEFEEE DWW T RITBS X S IeE TR D
KM H 5 EEPNEL, WTFhit LTh Cr 248
ELERNT DV TR A R I KE & 78 5 ERDS % <
SIS R IR OLEID L.

3.5 RERPOFTHER
Ak 2, 30 SRR ENL DO EE R
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Table 12. Analysis of some stainless samples by modified method (%) -

1 st determination 2 nd determination
Sample Certified value
0.1mgS added | S not added 0.1mgS added ] S not added
JSS 651-4 0.005 0.0028%* 0.0029 0.0029%* 0.0023
JSS 654-2 0.010: 0.0077% 0.0074 0.0068* 0.0068

* Corrected for S added

Table 13. Analysis of some actual samples(%;).
Certi- Results
Sample fied S 1ot
value added 0.1mg S added

0.0010(0.0012/0.001 1%*
0.0006/0.0008/0.0010**/0.0014%*
0.00990.0098|0.0097**|0.0098**
0.0105/0.0107/0.0109%*0.0106%*

Pure iron A
Pure iron B
Pure iron C
Lowalloy steel

JSS 240-4* 0.009(0.0070/0.0070/0.0073%*|0.0073**
JSS 241-4* 0.023/0.0215/0.0217
JSS 430-8* 0.030/0.0294/0.0293

* Carbon steel ** Corrected for S added

A LR 1 fja Table 13 wiRd. EEHEITM
SEIT 2 BISHT L B2 7R Liodd, &3tk & d FEMD
HAHESME DN TWS. L S &FRO/K VK
ZOoOWVTIE, SEE LT 0.1mg MY E OMEMEAE AT
BURIMU TR LB DT i L7223, HimL
VISR EIEEAERUEZRLTVS. £72JSSD S
S HT MRS DFBUE & 1% & 0.001~0.0029, FLEE{K
WHER DTS, L LZOHH, EEHEITERREIC
I BIETIERL, BREERCIOTRODONZETHD,
D KO SR (FREERED) OO Fix K fHREY
BB L ubhvTtwab. 7 K. WATANABES) I5 X O%#h
R BERELIIRRDHETDH D5 JSS G2 547
L, BMEEIVIEEEZRTLEEHLTVS. Lz
HIDTRIEIC L 2 EREOFHMIT DWW Tit, 4% hd
RO IRUEE O TGS b &0, ik & D ks
PLETHB.
EERBOSHCRI 2HEBE L LUL, SEFR
0.001~0.008% o jik &Mk} 28 fEiz >\ Clisric 2 [El
SRt L, 2{HOERECHE X 1 kDB RE (R/
dy) 1% 0.00017% (0.0085mgS) =5 RS S,
0.001% FTOSPHEILEBETE 5 2L D
7z
4. ¥
SRR DR S DEME L 7 B TR R FEL T 5 720
FUIE XS ITERIC DV TG L. AEBRCIIERE
OOk S BB ERXBEETE S 5 2 L2 HNT,

il

BEEBICE U TAER LAY ¥ A oBoBlzEs: &
LT, HIAE~ FERSIOAREDHE T OV Cif
Rz, FIAE—- FERILZEBEEAHETL L. K
TSRO BEEETE L CME Lk 2 AFTEEOT
~DRFEC L BIRER IO X 5 REA2 s, 0.001
%ETD ST DONTHED X WERENFRETH O

HEHETIE, Oz BREBE~OLGETEOFE RS
Z b, (EROERD SHE Cr ) TIERE 2 77 ) H3
HHEVbRTWS. RERTH ZOEPHRESN, £
72 Cr 25 E VW TL BT BERRED 5 Vi
TR F DR FRRRE LT W AEEITIE, EENY D
A DU DA ES RIS, SOBERENRDLL RS T
LERDTIz.

L7230 CAIED R G MR IR AR & < g
DLV RFEM, Cr 3% LUF OIRAE, ¥ L < LBtk
BREST U788k & Cdb. Cr 3% LI Lo Cr $iic
DWTIE, AT IV T dANHL G % —SHESE L 7253
BT EI DWW TIE S L OMERE TN TH D, 4515
T LITHETT AR S, ok, 41T SETABEE
DIRET s LI E, HELZEDDITIELTDH, KHFE
BWCHEL L7z 5 A E— PR SBORIEEE LT
ERTHE, 2o WiEXEoike LCod <hzm
W T I EBTES.

F AT OB R LR LY, ERED
L BRI FERES WL LTCOEF 2 2>Tw 5D T,
IKHE R DR N B 2B EOFEHEE 2 M LXE %
PO DHLR G HEE VR 5.
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