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Spectrophotometric Determination of Elemental Sulfur in
Blast Furnace Slag
Akihiro ONO and Naokaru Y AMAGUCHI
Synopsis:

A new spectrophotometric method for determination of elemental sulfur in blast furnace slag has been

developed. The outline of the procedure is as follows.
disk mill and elemental sulfur in the sample is extracted into n—hexane at the same time.

A slag sample is powdered with n—hexane using a
The ultraviolet

absorption of the n-hexane layer is measured at 275 nm to determine the quantity of elemental sulfur.
By using this method elemental sulfur can be determined with high accuracy, provided the amount is
higher than 0.002%. The coefficient of variations at the 0.05 and 0.2% lebels of elemental sulfur are
2.3 and 1.49,, respectively. The time required for analysis of one sample is less than 10 min. There is
no interference effect for sulfur compounds in the slag sample such as sulfate, thiosulfate, sulfite, sulfide

and poly-sulfides.

When a slag sample is powdered under the dry condition before the n-hexane extraction, lower ana—
lytical values are obtained, because elemental sulfur changes into poly-sulfides by the reaction with Ca

components of the slag sample.

This chemical change is found to be suppressed by simultaneous per-

formance of powdering and extraction. Based on this technique, an analytical method is proposed and
successfully applied to determine elemental sulfur in a slag sample.
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PHMBERED S VIIHEARENAELSTVWHEEY
FIR LRI nEd R DR TV 5.

TELIL, ChECEFAS /it VEERBOSHTIC
BAubhi-z it ZHERER ECHEREER
¥, BRRE AFERSOBBLLOBE TR LELD

iz n-~F VA FHHBE L T AREREERCT O W T
B L. RABECH LM DR, A5 7ORRE
HEABEGREOEREBEC S X 5 HEXNFT2 B B2
5, A5 7@K E n-~Fy vEAOCTEARARTS L
R B AR A T A T A B RN L, REFRAE
BeEr-nTcRETS.

2. R B B K

2-1 RBRAK

25 7R Ak BB, F4A2 IAEAVT
BEABREC -~ vHEBEZTG, ERT A2
AT n-~FH vyEAVTERBBETV, A7 7&K
o BAHREO T ECE LIchFE X U &
VTN, Eh, BERER IOR S SEERSCH
W B RER R CTRRAERT, BRARCKT S
BRIl K e oW TN, ERIBFIL,
%k 3-7-1 EEBFCELK.
2.2 8 ¥ v
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Table 1. Chemical composition of slag samples. (%)
Name Sample Cooling method s Si0; Al,O3 CaO MgO  TiO, FeO  MnO
A Furnace pit 0.71 34.6 14.6 40.6 7.7 1.0 0.5 0.8
B Multi-thin-layer 0.74 32.0 15.1 43.4 6.0 1.1 0.7 0.6
c Multi-thin-layer 0.58 34.1 12.1 40.6 6.3 1.3 0.6 0.6
D Furnace pit 0.75 33.7 13.9 40.9 7.6 1.1 0.4 0.5
VML TIERK 1000ml 15357,
- o.sf
(2) n-~Fvv ZEARBEKEOEGEHHEEH
7c.
2.3 ¥ I 04
(1) By A~ FIBUERTBUEE) s o IT-1008), ° 275 nm
BRER (0cc, METR, A7 v L Al). BHHESR €03} ﬂ
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T 20 £, T ces.
(2) F4AZ730 JIGETHT + 227 AT-100 o1l
A, BFesEE (100ce, F4 27K, 7ra 2F—a
). BRASLEOEE (REF 11mm, 1000RPM) I
LTHBTEHROLD. # 1~3mm oOFE 10g % 200 300 400

#110s T 200 2 o v U TFroBecx 5.

(3) BEHEIRE>EE BAESE NUG 5272 #
BERRIESR (BHREH 750W), REINEST (B
# 40 kHz) .

(4) 2HKEF HIZSIERTR 200 BH-FKEEE,
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Fig. 1. Absorption spectra of n-hexane and
elemental sulfur in n-hexane.
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%, BERIR: S X 5HHNE2E L CREREYE
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R a@mmbEc b, RECHRFLEE Th Ok,

3-3-2 Fghic X rBRE

AZ 7EK 10g RPASTEREREL, 205
LD 5.00g ¥ —H—Ah, n-~F+ v 100.0ml

iz, EEKRE > % Smin FOTHHEL, n-~F
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Fig. 2. Effect of ultrasonic vibration time on the
extraction of elemental sulfur to n-hexane.
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Fig. 3. Effect of powdering time using manual

mortar on determination of elemental sulfur in
slag samples.
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Fig. 4. Effect of powdering time using vibration
mill on determination of elemental sulfur in slag
samples.
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Fig. 5. Effect of powdering time using disk
mill on determination of elemental sulfur in
slag samples.
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FE LT BEREN n-~F 4 VB Ih2T< .
ootz L CHRBITE S, Behlifd IogawEE
RT3, BPLRR R A EARESLEE
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FHEE TR L.

Fihbb, FiAZ I ACRE 5.00g & n-~F ¥
v 60mi Ah, Bk 3-7-1 CRITEEBRIET LM
STBARFREE & BAREOERE L ORI OVT
A,

A¥A, B, D oWTOBRFERE, T4 A7 I
BIVAKC I ALXMBROBRIfELTC T R £ h
Fig. 6 wRL7. BEREOEEMIZ, WTho A ¥
ZoWnWT ) 60s OB chREfELXRAL, ZOfEikft
OMBFEC L ABECHERTLDELBECETH
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WA BRI R BRI B LI BETH >
. ZHIBRSRRC BT A AT rhOBEHEOE
DEENKIBCEMINICZ E2ERTS. TOEAL
LTk, BRMFTHHIDRARYERTHHI N
PL, BRBcRABcnGsENPRBOEEHIWPH S
bz k, B¥IUHPLFRRCEARER n-~Fv v
BB LTLES 2 dkEnErzbhb. ik, Ai

o 0-08
008 Proposed method
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006, 006
9.:, | Mortar 015
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Fig. 6. Effect of powdering time using proposed and conventional methods on
analytical results of elemental sulfur in slag samples.
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Table 2. Comparison of analytical results of elemental sulfur in slag samples with -

various powdering methods. (%)

Powdering method

Sample Without powdering
(grain size : 1~2mm) Mortar Vibration -mill Disk mill . Proposed method

Slag A 0.058 0.060 0.075 0.060 0.078
(300t (60) (10) (60)
Slag B 0.042 0.047 0.057 0.055 0.068
, (300) (60) . (3) (60)
Slag C 0.047 0.051 0.055 0.055 0.058
(300) (60) (10) (60)
Slag D 0.043 0.162 0.168 0.158 0.178
(300) (30) (20) (60)

1 ( ) : Powdering time (s) required for the maximum analytical results of elemental sulfur

X O THEATREBEOMM 2 — valRie 58, ZhutA
S 7DBBEHECBERLTAT 7O0bEX, BX%ok
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ha. $%6°o1C, BEOKMILERZEIIE Lickh il
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B XoTEPDERDLLDEEL DRBA, 60s D
R C RIS OREhe oW T REE R B .
DEDRERN S, SR 7 hBEAREOSHTIIL,
n-~FH VEHANDET 4 A2 I ABRERELEAL,
B & Ui s Lo SR Lo TREE
wBBhB 60s MEo—ERMERET S Lic L.
3-6 XSURHOMPBRICHT I HEEHEDEL
BFER S 7 EBRM T LU BF LA, BE
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3-6-1 FAEEOEL ,

A5 ZRBOBFEAER T a-BEED, Sl BRI
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3min WRHRLLDL, LD 5 bO—FEEY n-~FH v
THRLTRNARZ  AXBIE L, BB OBRFE
MEOBR LHB L. F0EE, WEORINAR2Z b
ME XL —F L.

OFR ALO; B XU Si0, KB KFEY 104 B
L, 4 A2 32T 5min Pt L CHB LR 0 X
BEFH W RIT O, FORER, a-FELIA O REHE
B IO L OMOMBLEWIER S hinhoi.

¥, A7 7RBEMER 10% BEL, F4 A7 3
AT Smin HREL CHRE LcRBORESBL L 17
fz. ZD#EFR, S.(Orthorhombic)z==Ss (Monoclinic)
D 95.5°C DEBREMRTHZ A TE .

BED X5 uRBERND, 25 7828 LR
LIcBECh, ARPOBEGEMEN n-~F9 viThH
IR WL LA RMEBE L ECET A Rz EAE R
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3-6-2 =35 7EA EDILERE

AN PEBR CRARENA S /s & L LTlho
HEOMBLAHCELTHIE, n-~F 4 VT XOTH
HERhicdtd., 22T, A3 70D<b VY, 7 AESE

BT & 0 RHE D\ C i~

BFEAS 7O<= 1Y » 7 A & LTRIED AlO;,
Si0, Xt CaO B, “hbiz 0.1% Mo
WE RN L CIEE) : 4 C 3min ByFEE, n-~F v
THE LTRINAS? P AZRIE LY. FOER, Al
O; B XV Si0, DHBAHFITEARZ LI 100% EIY
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Table 3. Chemical change of elemental sulfur
under disk mill powdering procedure.

Disk mill Recovery of elemental sulfur (%)

Sam-

le powdering n-hexane extraction spectrophotometric method
P time (s)  without pretreatment after acetic acid dissolution
=
- 10 93 98
°3
¥ 60 52 76
=8
SS g 300 0 42
[oF:B:!
R
[3-3]

VRIBERN AR 7 v AHBIB LI 2 A, BIZHEIZH
gk s —F&K LA, CaO OFHiE n-~ 4 vEiEoD
ARy P E—FKL, BEREIIHEIRHOL. &
b0 £ L FRFCRE-PIEEEREC I DR D 2
R FhFh 0.09%%, 0.106%, 0.035% T, §i2%
BRI U BEREORIIFT 100% MRBELT 7= 53,
CaO OBEHILH 30% LHrBEL CWishok. CaO
DHEAE, BBD X >BHILH vy s (CaS-Sp) %
ERL, BRBEDODICKIFDKS & RIE L T—8Hr
HS ¢t b RIMBER LI D EELDRA.

CaO LEGFHELORIGKOVTECELLH#@NS
fediz, CaO i kiiEs 1% BRIMESLTTF 4+ A2
I AT—ERRERREL, n-~F ¥ Vi L 3HEREB IO
Eefp ALEEE ORI DWW TRE Uiz, &R % Table 3
R Lichy, BEMEOEINEIX 1min OBFETIIH
50% T, 5min OWMFTIILE BB IhL k2.
—J7, SWRILDOFELELHERTI2ENTI bR
FE %ML T CaO % BML, EbK n-~F ¥ v T
M LCHE X, Smin PROFETHE 40% OB
HEE B IR, ¥, BRYFET L LBU0BE
PEE~EEL, Kezs BBEQLE.

L EDERERN S, #nR Lo BAEREIL UGN
EZILLBRCKY, ASI/EDERETALDLEELD
hi. &< CaO0 LR LT, BARETHC
LR IOHBBET CHBL CHERELERT5 - &
feEh b CaS-Sy HERLTWBEEbIS. BF 2
5 rEiEEE D CaO 12\ s, A5 FFoFRED
KBS R T B Loy & (CaS) $FEEDORIE
R LBHDT, LERINIA S 7OBRPAR T4

Exbhb.

3:6-3 ER{LRIL

AR PBE CHAMBENESBIL Y ST C, Rty
BEBRE (MS), FATREREFRR (MS,05) B 5\ 15
s MSO,) KB ELT AFREI DV TH
Rz, Tihebb, T4 A7 I VCHBRAE LA S 7R
oA EHMEN Y BEER L. AVWEEE
FBATEE VBB LI HEY T, A7 7R e ERE
BB TRARR L0, FREERSIVERER X
DTCEHMEOHEAWELRDDB LD TH 5. K&
1k, EEBEERZIRTV MS RBRDPLER CEH
1% L ARh{bES - LCRET S, EERFT
OB ABFIELTWA. i, ARETIESFLY
(MS-Sy) BEFELTW554A, MS-Sx ¥R T5MS
DLMNEESh, Sx BEEShic\.
SPEREERDBOE S L EE L C Table 4 w/RL
7=. Table 4 DFE R X, FHEJNREEEMEOR
M (28) 1, RpRAOBATIeREEREME (T:
S) LI—HLTWHDORKER, BRABOBETIT
T-S ko dEVVELXTRLTWA. 23 7RARcH X i
HEWM LU THPAER LB X ECmEOENIEK
Lz, ThOoERENDL, B AR X OTAS IFoD
BABREIX, Table 4 R LicLUrOHRBOHEILEY
CEEL L2 5. Lrl, BRI >T T-S &
fE2i7enz & D, BEAREIRIEKRZRSFCELL TSR
SMCBERR Lo EixE 2 bhiov. —J, Table 4 iR
Lic&HREH OMBLLEHOEERE R bIX, LR
X oTAS 78D MS 124 L, MS,O4 133835
ErRehb, MSO,REL LKW @B D LRS. &K
FEERRFER LR TREE TERVD, 3:-6-2 OBEE
BLAbeTELD L, BAHRAIDAART CaS &
RIG LT CaS-8; w&blL, BMEREEZT T
CaS-S; D—F 1N EKIEMILEFF T CaS,0;, ®1{LT 5%
RIGHE I DTWAZ ERHEEINS.
3.7 W LlawmhE

3.7.1 FEERBE

(1) BRLIEFEAZ /%Y a—25 V4 —T35H

Table 4. Comparison of analytical results of sulfur compounds in slag samples with

and without powdering. -

Sample Elemental sulfur and sulfur as sulfur compound (%) XISt T-Stt 1S/T-Sx 100
p S . MS 8203 MSO, (%) (%) (%)
Slag C without powdering 0.057 0.325 0.064 0.133 0.579 0.581 99.7
Slag C with powdering by disk mill for 5min 0.000 0.256 0.126 0.139 0.516 0.581 88.8
Slag C added with 0.2% of elemental sulfur, 0.020 0.278 0.170 0.131 0.599 0.781 76.7

with powdering by disk mill for 5min

XS : Sum of contents of elemental sulfur and sulfur forming sulfur compounds (MS, MS;03, MSOy)
1T-S : Total content of sulfur determined by combustion-titrimettic method
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mm BEONECERLT—EBEBREZL, 3~5mm o
BE BN L ToRAs 2R 51,

(2) BREK 5.00g1? & X n-~F 4 v 60ml
¥F 4 A7 IARAR, KI60sRiko—EREH T
5.
(3) BRABRBPONEYRLK 30ml O n-~F 4 v
TE—%— (200ml) e B L, ¥ 3min B F ¥
e 5ET, BAREYHERCHETS.

(4) BB 5 FERECcHET 5 o ¢, LEBO
n-~FHvBE2A75A2 (100ml) wBL, BEA
5 FEREGE LI n-~F9 vRIERT CMLCRD ¥ ¥
5.
(3) n-~FyvEEERAK (5 FA) THAT
5. BEIDOK 50ml TAHHKE X ORI« % +45 & Bk
LD, AWO—PERIN L L ARTHEE 275nm
BT ABREELXRETS.

(6) EREBEAHRESRK (ImgS/ml) © 5ml ¥T
PAA75 A2 (100ml) wEEFHCIEECH L, n-
~FH VCEREFTHITDS. BE 275mm kI 5%

KEXRAE L TRERYERL, (5) THLRXERXL

SALTCEBAHEERFRERD 5.
372 EERESRIUCEE
LEREEREC LA O TER LICKRER © — 6 %
Fig. 7 wR L. BEEEIRIEFC, § 0.002% Ll Eo
BAREOECECHATE S, AHEOEERE L L
Tix, B2 7#@A, C, DEXRREVELER

1.0
0.8
@
e
< 0.6
-
g .
n0.4F
<
0.2 Wavelength : 275nm
Cell length : 8mm
0. | L 1 1 ] !
20 40 60

Sulfur (pg/ n-Hexane, m\)

Fig. 7. Calibration curve for determination
of elemental sulfur.

t HESOBARESRSEL 252D, ANPHESCHOASL.
12 BRROKI2REL TEROMERTTS.
T3 ﬁ?&;;az 5 ORI & HBRA O HIBICE L 12 BPEERE 2 B
ULSBET 3.

Table 5. Reproducibility of analytical results
by the proposed method.

Elemental sulfur (%)
Run Slag A Slag C Slag D
1 0.077 0.058 0.176
2 0.076 0.058 0.178
3 0.078 0.056 0.174
4 0.079 0.059 0.180
5 0.074 0.058 0.178
6 0.080 0.057 0.178
7 0.079 0.058 0.180
8 0.078 0.059 0.176
9 0.078 0.060 0.182
10 0.076 0.058 0.176
X 0.0775 0.0581 0.1778
¢ 0.0018 0.0011 0.0024
C.V.}¥ 2.30 1.89 1.35

1C.V. : Coefficient of variation

010+ Proposed method

Conventional method

006

Elemental sulfur (%)
1

Sample : Slag C, grain size 1?2mm

0.04f- Aging cycle : Moistening and Dryness
(20°Cx2h)  (70°CX40min)
:"'\5 1 1 1 [ L
0 2 4 6 8 10

Aging cycle (times)

Fig. 8. Dependence of amounts of elemental

sulfur in slag samples on number of aging

cycle.
Wk F7e. REE% Table 5 R Lichd, BAHES
BHEH 0.05~0.2% =it B EBRFK (C.V.) Xk 2.3
~1.4% L RIFHEBEThH O, T, AECIX]
#K 10min LI CfiiEE, RBEHHTE, HEFERSO
BEL3 LA EZT a0k,
3.8 @R

EHWBEOBAMAEL LT, ALHC=—Y v 7AEL
e A 5 PO RGHREEEROBILICOWTHEL
TR ERNS.

Thbd, A7 78K C 5.00g R EcFiHE
OB, BEEMBE CHAKEY 10min IBE L THE
L, fAfAEKE2Z>TRE 1007 LT vy — X
—rhiz 2h HET 5. >¥FeEBhe®g LT 70°CT
40 min EHE%, BOMBLEVET. = o g - i
DEVEBELR X AANTIHN=—v v 7UEBRRE KIS
AT FBRRPORGRERY AR I >TEELL.

Ry Fig. 8 1, HNo¥ 2 ol LLEBRERY
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BrRE LT L. AR X 3 BAMEOEEME, HE
DEFHMHTIHECENTELL SEYE, BEH
DZRERDOEE R X » HRECIBETE % & Latbhs
. COBEEME 0L,

2CaS + 2H,0 = Ca (HS) ,+ Ca (OH),

Ca (HS) ,+2H,0=2H,S+ Ca (OH),

H,S+1/2 0,=S+H,0
ODRIGRTRT X5, A5 7o CaS nESEIbY
R CHAREY BT 2D L2 b5, COBL
RIGek, DiBALEERE X O LERAERCESEAL. L
P30T, MBRED R 5 Y HNEEC RO REE» A

C BRI Eh, pH EFhEC X oT ERRINIESR T

(b0 EELZBIhE, =—-v v I7NEBRCETS
BHEREBEOAREE R, =—v v r/RHBREcE LK
WARHEIORE L L b eEBieins. chut, 25 7R
KHEBrzkitr s CaS i\ Lik Ca(HS), DEEE T
HBETHI-DEEL RS,

4. %@ B

(1) ®F A5 7 hEEREOHHH B OV TR
L, n-~F 4 vHHBREREEE Y L. Thbb,
A5 V8B EY n-~FH vl F 4 A2 I ATER
BT CARCEARELYHEBL, BRE 275m ik
FAREEEZRE L CEAHREELRD 5.

(2) FABeIhix, BF 23 %0 0.002% Ll E

DEGREYERTE, 0.05~0.2% DBEEHREY ST
BEAOEEEK (C.V.) 1k 2.3~1.4% T, BEX
acEs. 1RO HTEREX 10min DI Cf
B, RECHFTE, 25 SR E T h bR (s
YERERSOTHE T\,

(3) =27 7RBOREL, n-~F ¥ Vic L % BER
HOMHReE L WHEYE Lo, B0 TE
BEIEREYTR TSR, Thl oW caBicEEL
ATHEENRE 2. ZoHKIT, AR CEARE
MRS ISR ERIG L CETb ek T 540 L #
EINI.

(4) FERBELE n-~F+ e B 58808
HE, MORRBFHEL LI TE DL bEVWE
BENAE Hh, AR ST s BEREO(LEE
b2 B NBReE T 5D BB HETH 5.
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