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Determination of Microamounts of Sulfur in Iron and Steel by the
Reduction Distillation-Methylene Blue (Solvent Extraction) Spec-
trophotometric Method

Kiichi NARITA, Masayuki TANIGUCHL, Noriaki OTA, and Renpei MOROOKA

Synopsis :

A sensitive spectrophotometric method has been developed for the determination of microamounts of
sulfur in iron and steel.

The sample is dissolved in hydrochloric and nitric acids thus converting sulfur to sulfate. After removing
nitric acid by heating with perchloric acid the sulfate is reduced with a mixture of hydriodic and hypo—
phosphorus acids, and the hydrogen sulfide evolved is determined spectrophotometrically as methylene
blue. For trace amounts of sulfur below 5 ppm, in order to increase the sensitivity of the method the meth—
ylene blue is furthermore extracted into dichloroethane as the ion pair with perchlorate.

The proposed method is applicable to a wide variety of iron and steel samples although a slight modi-
fication is required when the sample contains selenium, titanium, niobium and tantalum. The range
of determination is 0.5 to 100 ppm using 0.5 g sample ; the standard deviations at the 50 and 2 ppm levels

are 0.7 and 0.1 ppm, respectively,
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Fig. 1. Apparatus for reduction and distillation.
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2~3minFEH L, KT 100ml FHFR L.

BBk 7 ve=v 2B BE_$7 ve=v
A (24 ki) 30g HAKCHEML, 250ml 53D

CAFN-P-T 2=V T I VERK : N, N-o 25
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Fig. 2. Absorption curve for MB solution.
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Fig. 3. Effect of temperature on MB reaction
and absorbance measurement.
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BHEI RT3,
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HORBAK & LT, H@EfAEH (Fig. 1) & Kone
LMOBERARBREEZACTAF Vv v EYPEAEIE
fo. ZORBRTHELERXEEIRZhFh 0.522, 0.519(3
Ll DFIEE D) THELER /eh Dtz Konie 50
FEIEBRROROREBRAFERA LT s b BEa%k
HRAFE LR, TORDBREREYECT 2ERLRK
BB TOREYURELE LD LHEEINS.
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ORI DT, 3 min LIChIUTRIEE~ D
WRieh ot E BB REINE OR D ¥ E¥EMEY 10
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L, 47 &b 6 higBIkLich ot
3-2 HMEIBEOETEH
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— 156 —



BB AF Vv (EEME) BRXERC I SKMPOMBRBOER

2727

()

04 r .//

(2)

3) -Time of heating:
(1) 1.5h
ozt [/ /& (2) 60min
(3) 30min
(4) 20 min

Absaorbance

S :30ug
N2: 100 ml/min

100 150 200 250 300
Hot plate temp. ("C)

Fig. 4. Effect of temperature and time of
heating on sulfate reduction.
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Fig. 5. Effect of nitrogen flow rate on S recovery.
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WORINENZFAI. ZORE, RBE L kER
FTRTCEHNOBRIK I L2TER SR, #2 ORI
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N BB, BLEEREMNELILIKREL, HEEX
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Fig. 6. Effect of time for pre-reduction
on S recovery.
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X CHERGBRIELT, REORRNCRETEEYRITL
to. ZOfFER%Y Fig. 6 i,
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kL, HEOTEBEMNERIEEY 52 ItvZ Ehb
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BITCREBEL M L RARBR Y —BHE Lo bR
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7oL EDEBRBRE B L. Frogkv s ¥ i R
EERCETREZM:, BHMBEEFE LB E50OR
RELDBIFA—RERLE. LiehoT, HETKRE
LEBATRRBEODRT X 2HEBRLDOSFhILk
V. ZOFERCESELT, RRERE KSFTHIELT
30min ZZY LIcKR, 40°C LT CRib KT zHEE X
NI DE=DRR LT, 50°C T3 8 % DOFEMEIN
Ehte. BLREEGRMOBORIGEBW XA KEBEERA (7
deg. BE) *EET5 L, BREGMBFEORARBKOR
B 30°C LT & T 5 MENDS.

3:2.4 RITBEBRBMEOHE

BiEo (1) TRk ok BARD ZHERY B
Vv, ETTRE Y BTN, 10min HEHKE L TR
EECRIETEELRFE L. ZoE%Y Fig. 7 @R
.
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Fig. 7. Effect of amount of reducing mixture
on S recovery.

ZORBRER, D, BTEEK 15ml Y Eowmne X b
—EDORIEMEHIE B DL T & EHTELHDT.

3.2.5 Wried

RILIRE OB R IE ) HHEsT 2 HaR R, &
RSN TRINE~NA D Z DR 1=, hEH
ELTHAF VK 30ml S/ Ui -F—ESKaEy
BELTHEA LSS, SEBREOHEMIMES b
MOTh, 4~ 5 ELECIIREEIREN R A ICETL
fo. HEERMLUTCHEI S LB THE LT L.
3-2-6 HiERE DR ILR

EHREABK (S :30ug) * BTEYELTELISD
AFVVEBROBRKEL, Tbr vV v aBK (7
B 0.3mgS/ml o ow FARL, X>5EBEET
IERE/ IR E S BIEH, B BiEsEAk < 100 212 585 L
Fo) 10ml B EBEEE I TECRICE &% i L.
Z OFEE THRD - MEAEREITTRIZK 98% (3 FIEMD
) T, WEBREXEBRT D LALEOBRTEETTO
BRALAKFENDBETIIMEEERE 2D Z 2 TE S,
3-2.7 Zofh

RAERRH O UDIER L BETREYRE L, A5
HUHEER L. BPIEF oF&Erich ot Ticb
b, B S0 pg A E LR OEBICERRB T ERZ L
Th “2x) - FEDLRT, LOUDBEETD
EUREROE T ixfed ot BEAEVHEZEL L EMse
BEBAC I SEIBEHLTL 50T, RINEHIL2HE
1L L, BFEREEE LD EL LT 5min YR
ROEFCED X 5>HE L.
3.3 ZOMOEESZHE

3:3-1 @EEFMAFNIE X 5B OKE
ABBR MBI EET S &, MBREECGETRE
ERIGEL, X 5FER B TUHEOERMBINY e
T5EH, TOBRTAERY ANRINE H CHENERESY
BLTAF v VyERIGEHT 5919, FBE20pg »2F
THRBBRCOWT L oEEXHRHN LER, HE5E
2 1mg LAFC, 3mg OFLETHWE Y, Smg Ty

30% DABEFER b b L. L > TRES I B
T BRI BRI DR TR B £ DTRECBEL TS
CUEARHD. Wi, EALMTir, REBEKYER
HE LD b O WY Ik CHE % Tingd 5150
% 3EIL BB T hE, BBOBEIELTHOL. L
By LEERE, B\ EEEEH s & oAy, HmmcET
LB EE I hsicd, FORENEEEE /v
h, ZRRNREAPNCL S EOBENEEIR, Bbh3
HEMTEL, o2 kX LB EANS DO, ¥
T MRIET B HEY 7t & hRates, B S
W X200 R SHETH O, BEEBIRESH
Mg EMRORERBC D lpg/mlFL OFEr ST b
DB Y, ERBRE~OFEYRELTrOEREY |
BV ED 3ml Wiz - LichioC, WiEdE4cik
ET DI, BEFMEEI T L AL RE Licd ke b ¥
TR A INBERE T2 = L@ Uieas, 88 L&t
OTTHLEOBERRIIBF L LCEAeT, L

K &d2ml ¥ CRFBIEORETICEELY 5 fohore.

3.3.2 zolEa

LEARBBCI B A + vREE LR 0T, HEE
EFIE LT, —MRIET7 4D VIENARININ DD,

KRRETZEL, HEMNS Oy S tritkeR
R (S 130 pg, BREEH ) v ATIZIC L, FaERDs 5
B) wRMEF TV v s 10mg RyRinLCEIRERY T
Dfe. TORR, EBC X ABEYRE U Ba g
BED T2l L, BEEBEENE LT o8
HOEIREIL 10~2097 LR <, BBEROMEL
THREXEL Z EbDl. AU v AERNOBE L
MRIZBERRTH 2. ZhIC DO THREH Uit s,
TEEERE LTI, TA 3 =9 Al EREHT, 7
A YD XS BN L EBERREY R T 5 TE
RARBELUTHD I Ehbhok. BEFOHEMEIAR
TLL, BOGEDE Ed Smg 2REI T, B
HOBRYFELH S Z ENTER., BHEFEOTTIL,
BEFGRENHGD INERE 122 V57 4 A4 Tit i
{, &y P Fv— rRE 250~400°C CHEE YR —
ETHOT:.

AE DR FeE U T OERBRERERXE 0.015 &
T, ZDO53H0.003FHL7 2= v v 7 I vEE—
DRIGERCERTS. fEE LTz g 55c, FH
BE, H@EERBI L0 ONKESE DB, 4
EO Y BMLT AREABREECERT Lk
n, ERLS ABEWER TS LT

3-3-3 BREHEOFR

EHREREBREE (X LEREERE LT 10mg
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EHNL Teh Dt hd, HEHERROWE L TEBHIEGEA
PlEeBicd, FEEFIRTUEETHI LT L. &
Efix Fig. 8 o X 5 BFETTHEREH LI, Th
12312 Tl Ne 2 F v v BEROBIUF RIS <

3:3:4 B FREE DR & 7 R OTREER

SR TR O LB B OV ER A D DR A FRE BN SR & BY
BT ERBNABEFHREERIR LA EfThR Tz o
T, FMHR. TofER%Y Table | R .

L OBRBRY A LSS, MERNELES
R 1R —EThok. WBTHBLIBED
FAEN OEMER, BIGHAEML R ARECEL L
RIBTHEPED D EE 2 DD, BLIIFEE O
FE LTREFENT<h, BRI S bAAER L OHf
Az roTh, ERTHBLLEAOERMEE X —&%
THEENE LR, B0 28, BEWEEY Y Y AT

0.7}
0.6t
©0.5¢

anc

20.4 |

sor

20.3¢
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02f
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Fig. 8. Calibration curve.

Table 1. Effect of acids and additives used for
sample dissolution on S recovery.

Acid and additive S (25)*
HC1** 0.0001
HCl+KNO, (0.2 g )** 0.0002
HClI+KC104(0.2 g )** 0.0019
HCI+Br (1 ml)** 0.0055
HCLI+HNO, (94 1)** 0.0056
HClI4+HNO, (4 + 1)** 0.0055
HCI+HNO, (34 1)** 0.0056
HClI+-HNO, (1 4 1)*** 0.0056
HCI+HNO, (1 + 3)%#* 0.0057
HCL+HNO, (1 +4)%** 0.0056
HCI+HNO, (1 4 9)*** 0.0056
dil. HNO,(1 1)*** 0.0027
HNO,** 0.0050
HNO; +Br (1 ml)** 0.0057

Sample JSS 240-7(C steel), volume of acid(s) used : 10ml.
Each figure represents the average of duplicate determina-
tions.
**%  Sample dissolution was assisted with heating at about 200°C.
#tk  The sample was dissolved without heating.

BEH] & LT ORI a2

wie, BE (1+1) 240@Be L, gtk KREM,
AT v U AHRARE 2BESEL, RICERT A BICH
EREEhBME SR BR Lic, Thbb, £57T3
HARENT £ 752 -2 B CREYEUHB~EE,
ZTOWRIZHEINLIHEOBEYH .. ZOFKER,
THROREOEEGIC S RIGH ACIFHBIFE LR
ERBELMIL DR, s, TORBRTHERALLT &
& — it et vF o —kEERETH 5 DT,
FRIF 4y i D BRBHARIC DWW T A BRBEOERZITok
B, FOEEBERIZ7 5 A2l CHMLILEaE—%
L.

3-3-5 HFETROEE

E 20 pg Et ARlEK, 31 o TELY EL
Y, WERE, S0l O TING, BEOHEYHR
F L. TokERE% Table 2 wind .

CODERBREEND, =g, s, EY)ISF VI
E 21 TEROFERIMEEEYDE LI L2320
o, 2V IZATVROTGWEEZ, RRBEF ST
ERT DY, TOFEREEBECHEEYEL T, Thit
Y ABEO S LKFEBR TS R LICBEDE
ERRLRFLA—FER L. Zhitg LT, =47,
FrV, 2 /ELDSTENETNLEST, BEFRBR
FIENEE ORBEHBRECHENZE IhDd, 50
{bARFEBE % CTRE Y T2 RT3 LERH O
Uit KEEHE LTHIEKEE & REH I,
BT AF Vv vBEOERYGETSHDT, HOMLD
BELisiEiasinne. Bfpe LTHERIw L
CIDTCEGEBRET B ENTE, RILAFREINL
TIMEGERT % #IF% 21D B, A7ed&d s
mg D+t U VORERFELTH DO (Table 3).

3-3-6 xF v VvEOREEHH

BREOEEYBNE TS A5 L vEBEMBEE LT
Tl 59 o= F v v ¥ UFEHES S SR T
W3, L Loy, EiHEO-SES 25ml
% 3 ECA TR R B LR ER B DT,

FrTCAFVvVEEEYREAA v EOAF VRIEL
Thi T KIB7 e R R Bh b & EF %, Iwa-
SaKT 522 2LBEFRMIEOTE B - 7c iRk A i
CHREERCIGAT S Z & ¥RAR k.

T ORER, VEOBERBROFEDOTTL, 2-v 7=
n=x YR X TR lEofHTcaF v vEY
EENCEBRHE~NBITLS 5 &0t = OHhiH
IESLHOELTTbR, Y2 ez v 10ml i
2T 15s L EBLLIEY ¥, sz 100%
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Table 2. Effect of coexisting elements.

‘s Fe addition S found
Addition (mg) (mg) (1g)
— 5 20.0
— 100 20.3
— . 200 20.1
— 500 20.0
Ni 200 300 19.7
Cr 200 300 20.0
Mo 200 300 19.5
Co 200 300 20.0
Mn 100 400 20.5
Cu 100 400 20.3
w 100 400 19.8
\Y% 50 450 19.6
Nb* 50 450 19.5
Ti* 30 470 20.0
Si 30 470 19.8
Al 10 490 20.6
Ta¥* 10 490 19.6
. Zr 10 490 19.7
Na 10 490 20.1
K 5 495 19.9
Ca 5 495 20.3
Mg 5 495 20.4
As 5 495 20.2
Sn 5 495 20.1
B 5 495 19.6
Pb 5 495 20.4
Bi 5 495 19.8
Sb 5 495 19.7
Se** 5 495 12.9
1 500 16.1
0.1 500 16.8
0.05 500 18.0
Te 5 495 20.2
Ba 1 500 20.4
Cd 1 500 20.1
Ga 1 500 20.4
Ge 1 500 20.3
Zn 1 500 19.7

S taken : 20.0pg.

* In addition to HCl, small amounts of HF was added to
dissolve the residue after HC1O, treatment, otherwise lower
S recovery was obtained.

*¥ The element is distilled together with S and interferes MB
reaction. Therefore it must be removed prior to reduction
procedure.

Table 3. Analysis of Se containing sample.

Sample S found (ug)

Fe 0.5g+8 20ug

+Se 5mg 19.8 20.0

19.8X19.9

Se was removed by treatment with HBr.

THhote. BERBEHEMEIL MR B8 52 T,

Table 4 1Zir$ X 54 0.1~1m! OFET—FEDORNLE
bR, FTh AFvyERMNBRO BEMD BRiF
T, PAHEAD LD 2 hid—CEDOREELX R L. &K
IR % Fig. 9 R Ui, #HEBICAbHEEED
SEHCIBRIRE -7 (Fig. 2) »ikelich, BAR
IRFERIZERRE~>7 + LT 657nm Lot HBE

Table 4. Effect of addition of perchloric acid
on MB extraction.

Absorbance
HC10,(m) 1 st 9 nd %
0 0.133 0.132 0.132
0.1 0.425 0.422 0.424
0.5 0.427 0.426 0.426
1.0 0.424 0.425 0.424

Sample : Aliquot (S 2xg) taken from MB solution and diluted to
100 ml with blank test solution.

0.6
0.5

0.3F

Absorbance

0.2r
0.1}

550 600 650 700
Wave length (nm)

Fig. 9. Absorption curve for MB dichloroethane
solution.

0.7

304

.30.3 r
0.2}
0.1}

1 i 1 A H

1 2 3
S (ug/10m1 dichloroethane)

Fig. 10. Calibration curve (extraction method).

iz Fig. 10 o X 5 CRIFREZEEY R L.

AFVIHYI e VBKROEAMREERIL 7.0
x10¢ ¢, lEEOFAC L AREM AT 1/10 Bog
He 3 2 BMUREEFDTH 17 ffThotk.

4. E B K &

3ETRRAREERICESVTEEFEXXRD LS
THRE L.

AR 0.5g X VM OTHBLLSTEZ A2 A
, BB 0ml iz, HFERTHE L TEroAkE 25
BLIcob, MBALTHBEYTETT5. RIGAEER 3
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ml RO 0.2ml & jing, Bl THEY e SR
5. B, HEOSmlEing*, £ 300°C iy b+
V=t ECTEE T EAERE LR ks ETHELT
TET 5. KAHK., R 10ml Einx*, mslL i
BABBLIcDb, 30°C UTIAHT S, ZhiBTER
W 20ml %7 5 A NEERTEV /e SNk, 10min jk
BET5. RBLEAREBOREHCAKSOm, HvNEH
TR S0ml 2 Ah, RBBEE a7 9 & 2 2
T5. EF% 100ml/min OWETHED £ D, HREHEE
Wk 250°CreFE Lick vy + 71— b BT 30min jj
B L, RBAELLWEARERIE~NZ TR X5,
BINAEZ 2 I1ET L, 25°C ORI AR TH 20min
BT KKEREY 25°C L LIS AFM-p-7 2= U
YT 3 VR 10ml 2RIRERD FNEEC bR T
%, BOCRAELI.ObL, HBEST ve=7 %K
2mlxinz, BBO=2, 7%ACT Imin B LLIEDY B
o, ZOBKY 100ml 2 2752 a~BLCEEE
THR L, 15min B, 667 nm 12 3513 2 WL % BIE
T5. WESEEL Sppm LT OBAIRKOEBIFIC X
5. Tiobb, A7V VEEEEKEY 250ml kR
~BLARN, BEER 0.5m! RU¥'1, 2-227ae1=i
v 10ml %z T 30s MLLIRDELS. HELT2
MBS0, HEEL SRR OMFCED -
ARMTHBLTAEERE, BNeAr~BLAR, o
g =g v BEE UTHER 657 nm T O EEE % il
ET 5. ERBRELMIES BER> OHEEYRD,
ERRYFHET 5.

BB, BRWHE 10 ml o ERAERR BV e % B B B9 v A0
%, B E AR UCERT 5.

5. EBRERUZEH/IMELZEONGI

51 FERE

Table 5 RO 61z, AkDOERBED | flrrd.
BB T 2 EHRBTSRAE L, HTLY
RIF &Lz e, L LEBRER TOREL LTiE
BHETNEIDE 2 X5, EETREOFBEMC X
DTRLDH, BERORE (BARERYSL ) ORE
E) XM LT, B EstA OB 41 0.5 ppm,
5 THRVCHET Sppm L EOREY EHT 5 HAMO
SWCHEAL>BLEL RS,
5-2 FREZWEERNOTIRGI

Table 71z JSS (HAZSMEIREARL) 7 & A FENE

Table 5. Data on reproducibility.

S (ppm) X g CV (%)
55.3 54.4 55.7 56.7
27 265 a0 7| s5.69| 072 | 1.29

Sample: JSS 240-7(C steel).

Table 6. Data on reproducibility (dichloroethane
extraction method).

S found (ug) X I CV (%)
1.07 0.93 1.04 0.97
098 106 098 27| 1.001] 0.055| 5.49

Sample : 10ml Fe solution (Fe 0.58)+S lpg.

R ORI LB 0WHERD 1 fla R

EEDIZ, £ JSS 0 0.01% LIT ok
TREDOEESEA LIRS & ERIgH LY 2%, Koy
WEE OB X b Dz L —BHE k. Zh
REREEORKFRMN 0.001% THDHZ EMNFRFT L5
T, MEREERESREL TS D7 icdIcst iz by
R LADR 20T ¥\, 13 o NBS i
DEPHRERICOWT S, SEFEE, MET X oTEmT
HBHH, BEE SEO @arabhs s ik JSS o
BE L AFETHoOk. EURO 078-1 Kor BAM 234-1
DEHEEEICIY pPpm {72 TOEFRNH S S DD, LFL
TR TREBDHHFHBT v )V BEE L & 5515
EEE R, TORBREE 10ppm 2z TwW5 o &
b, TOEBRERLTLLE G IRV WEL. 251
PRI TAED BEEL I — KL AT 2 —FvD
JK 24 pEEERE A bR i skt s L,
RBE-KFEIL- 2 F vy ERIECELED, GrEg» V) v 4
THBIE L7z Leco IR FE3%:E, Stréhlein 7 —nr Vi
BEREL T L 2RRERFENAG LR, FHEED
0.4 ppm T X3 TRIFTH D).

Table 7112, MEFTCHESMFCHER LT\ 5 EEE
RABE-FAHRIB IR E B 258 (Leco IR 32sp) iw X %
SPEZHEE L. OB X250, —Bch
HEREBENOBEERPIC X HEBKREYLEE L, &
ROPE" L2, BIESITARE & SRR
ZEOIAL R TIHIONMEEL LTRSS ZenTE
B, ZH5LICBRND, $iek RKREW S48 s
BERLARICOWT D 2 SO EREY s+ 5 &,
KS M-1 (== — o) %8BT Bife—Bhia

* eV UMNAITNIHER, RIKER (47%) 5ml 2EML, BE
FaE % Tk, HIIEER, RULKEEE 2mi 2, UTFAL
BB 5.

¥ Fsry, 2ATHEINIESR, HBRCRELEEEDET 51
¥, TOZIFERIH L TEHOKEER 0.2~1ml 204 5.

*3 Bt JSS 240-8 /2 ppm {1 TO HEEEEHS T b h i BEED &
HERNMET AN, 2 OMBHRTREL TS ELE
R PNBERXCOFMSRN 2R T Izic JISKEASNAED
BFETIRAEE 7L o HRAKEES BV A TS D, CC
T~ & 5 R EEOBEROZN T & 2 dind 3.
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Table 7. Analysis of JSS and other standard iron and steel samples.

Sammo] S (%)
R Certified | Present Leco IR | Other
value method* | 32 sp™* | methods
JSS 240-7(C steel) | 0.007 0.0056 1 — —
JSS 240-4(C steel) 0.009 0.0070 — 0.00721
JSS 651-6(stainless steel) 0.007 0.0062 0.0063 —
JSS 607-6(high speed tool steel) 0.006 0.0042 0.0041 —
JSS 610-6(high speed tool steel) 0.007 0.0054 0.0052 —
JSS 680-1(JAERI-R 7#¥*, heat resisting super alloy) 0.006 | 0.0042 | 0.0042 | O-0057H
NBS 365 (electrolytic iron) 0.006 0.0052 0.0052 | 0.00562
NBS 339(Crl17-Ni9-Se0.25) 0.013 0.0117 — —
BCS 260/4 (high-purity iron) 0.004 0.0036 0.0036 —
IRSID 114-1(49, Si steel) 0.004 0.0034 0.0032 —
EURO 078-1(C steel) 0.0066 0.0062 0.0060 | 0.0066!"
BAM 234-1(high speed tool steel) 0.0049 0.0039 0.0038 | 0.00441"
JK 24(Cr-Mo steel) 0.0010 0.0011 0.0010 | 0.00102®
KS I-1(iron for steel making)**** — 0.0018 0.0017 —
KS M-I (maraging steel)**** — 0.0041 0.0045 —

* TEach figure represents the average of 2 or more determinations.

*% Calibrated by JSS 240-7(set-point value : 0.0056%). Each figure represents the average of duplicate determinations.

The precision expressed as R/d2 was 0.00012%.

##*  Japan Atomic Energy Research Institute Ni-base alloy standard sample,

#kkk  Kobe Steel “‘company’’ standard steel sample.

bhp. AEMEMEERLAE KS M-1 iz Tio.5,
Zr0.01% BEXSENI 50T, BERBLIE OB
RIS T { B R b S oL KRB (R LI
P, BRERCETIINDR. LeniDoT, §0LZ
AR—HORERIARHTH BN, BOETILS & vig
AR M F L R TR & TR OB & REEIXAS
Fo=g Lis AN, DY, HRERLS>DLIhTE
TSN RE D b OFRBEEIRC DWW T b SR T2
DERHDEEZ DRB.
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