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Ultraviolet Spectrophotometric Determination of Micro Amounts
of Sulfur in Steel by Reduction to Hydrogen Sulfide

Synopsis. : .

Akihiro ONO and Takashi OTSUKI

A new chemical method for determination of micro amounts of sulfur in steel has been developed.

It is found that H,S is easily evolved during sample dissolution with strong H,PO, containing Fe (1)
jons, and the solution absorbing H,S shows the characteristic absorption at 232 nm in ultraviolet
region.

The developed apparatus is mainly consisted of reaction vessel for sample dissolution and H,S
evolution, scrubbing vessel for removal of evolved water vapour and iron phosphite mist, absorption
vessel for H,S and constant flowrate pump for transferring the absorbing solution to Aowcell of U. V,
meter,

The analytical procedure is performed as follows: 0.500g of sample and 20ml of strong HyPO,
containing Fe(][) ions are put into the reaction vessel. The sample is dissolved by heating in N,
stream. H,S is evolved in the reaction vessel, scrubbed with 6N HCI in the scrubbing vessel and
absorbed with 5.00mi of 0.05N NaOH. The absorbing solution is circulated through flowcell of U. V.
meter by the pump. Absorbance is continuously measured at 232nm until it becomes constant.

Above 0.5 ppm of micro amounts of sulfur can be easily determined with high accuracy. The time
required for analysis of one sample is less than 10 min. The analytical results of steel samples are in
good agreement with those obtained by the conventional method. Moreover, the proposed method
has been improved for the higher sensitivity by concentration of sulfide jon with the anion exchange

resin,
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2. AREULICERKFZRUER

2.1 HFEORB

PAFE L7 BEBRB O AT B, BRAb K R4k - 4050
HHEEYEARE L T5. Tidbb, Fe(ll)-#b A
R JEW % F N TERBURL 2 W2 Uie s SEidh o B b &
WEIRITT U CHRAEKRE E LTSt X9, KE(LF + V&
AEPCRINE 2 5. FAbKRZLRINHEF TRty 1
d VI REEL, SRAMERO 232nm O E CRRARITY
RTOT, TORKEXEFUE LTHEESELELRD
5. ZERBRERL< e, Tt KEDRERR DB
PO RRCTL 5D T, MERKREREFEL LTHERK
BEREELOT WA,
2.2 BARUIER

BARE L7-EBHEBOEE Y Photo. 1 1z, K&EFDE
B#rThH D PALKRRET D F% Fig. 1 wRL
oo FREIFEHE B OTRAb AR R B, Bk
HRER,  BRAEARSERIDGH B ORI BIE R D &3 h HHER
IhTwb,

2:2:1 BB BB ORI K R AT

MFUB OB BB OB EN BB R T KRE L
UTHRAEI®BELRIGE, Fig. 1 @R LR bxzs
AREOTHMMET B RISHPTE D Tbhs. Kt
Y ABRITEORAT X AIHA MDD a3 4
&L, BALKEOREZXHR L 1T b ABRIEY
100mi & & BB /MBI Uic. RIGH F3RMlesc R
BEROBIEED AL, RO EFEREXALR ERED D
i, WTFEABCIER= 7 v AR e — 2 — &K XD
THEE L.

2-2-2 GRAbKRBEGHE

BUCHED bRAE LIcTibKE R, EEHVACLOTR
Jo BRI H ) O 1k I Pt DA E R, BifbKE
EEHWHEH LT ABED ) ABEY 1 A F ROKES
TREDBREIND. GEEIKGROKE LR R IET
BIDETH 7 ABMT_EERHEE L, INECHHKEYRK
LTHA L. PEOARIZY 15ml <, Mikfoxi
BCHIEKELZEAL, ¥ 7-RlEO LMICkiskEAY
RUOTHeRBFHE 2 ) i) 7.

2:2-3  FRAEKZERIGH R ORI EFIE L

Y H b AkR, Efic—&E LT ) ol
RIGENCEIER S ME X BOTE VAT h, BRI
BRI E h 5  RIEL AR 10ml o8 L L
R IR & KRNI & SR O E S ~TE RS 5

A Reaction vessel, B : Reagent addition device,
C : Constant flowratc pump, D : Flow path exchanger

E : U. V. spectrophotometer, F : Recorder

Photo. 1. The developed apparatus for determi-
nation of micro amounts of sulfur.
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Fig. 1. Details of the apparatus for dissolution
of steel sample and absorption of the evolved
hydrogen sulfide. .
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LOTHHKESDO7 v - EBRE : Bmom, RAEK
:8pl) ~EDATHh, YD B BEYBOCHIVE
THEROE D DRIVEEEC F O TRIN~REXh%. &0
X 5 CHMLR B RITE C L RS%R A TERR 5 RV
RSN, ro¥XEFCRINED 232 0m kit
LRAEIFEFRHCREZI NS, Tibhb, AR
KEDOFRERT LB CE, BEEOHEMNED Lhte
IO DBKEED CHEDEFEYRD 5.
2.3 EBSEEBHE

(1) BEHREMEER OB 2B, T, 6NEEE
B D —ER T TULKEREEB OGS LR F CEA
T5. EHERIME BT,

(2) HEIKs—v, rEXOTHELA5.00ml 0
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0.05N Kb + Vv 2B %Y, 77 = vEZHEALT
LU ~EATS.

(3) THESR v 7 eEHSw, RINE L RIE L2
SeNEHD 7 v — =AM 10ml/min O ETERE
¥5. REHOEEY 232nm CRE L, KEHRUE
HBHOLeR/ELXITS.

(4) GO+ v » 7&60, 850 0.500g F 7
i 1.00g #®ATSH. MO ABRILEK 20ml HHHE
FHWTEAL, BbZFx 4+ » 7HLDD.

(5) @EH A% 100ml/min DFETED AR, b
— x =B B & R FEED BEXD & BET
5. ,
(6) gEENIEMR L, HERMIFIEARCETS
nTRAE L, BRIEORINEEE DL, EEHRIND.
WHEO LA;MELL, —EEEXRT IS okieb
e — 2 —DOBREXTSL. THINTCELELR D &L,
BEHE» PSS ERYELTS.

(7) WY B2 8Be 8 b B TR Y RIMNTHE
WL, EUNHE 10 ml R FFOEA UCREE 2 RIS
5. EEoBEARHAYE, EHRYHEHTS.

(8) FEEfio* + » 7xB), RBBESIHOAY
NLUTHEER I CERT LT 7 e v (BE 3mmg,
SME S5mmg) FF S5 AL, BERv7RAAPEZEE, &
FHARABIET5.

(9) BREBOER, EEL(1)~(6)DEMFT LicH
DSTHRHIRT LicDb, REEBEREZHHHE T 10
min [fE@EH ARKIAAL T EHSTE. cofr
~25 pgS/ml MR F5E Ui BERREEBRO 1.00
ml B EMECHE LAK, EZ () BIEOBFC Lich2T
WREY RETS. FHERE S & RO #BIFXT
Vs, BHEEREBNGE L OBGRBERERE TS,

24 H X

(1) FEEEEREEESH (1000 £gS/ml) 110°C T 2h #;
WUt BilE» V7 & 5.4352¢g HKCHMEL, 1000ml
DAAT7FTAIRLBLANRTKTERE TS THS.

(2) Fe(Il)-h A BRITK AR 300ml il
B 2gxInx, EEFABXKRI AL B —F =T
B, AEYREIT TP L LTETNLRBIEY
Bk LCHETS. AERA:BERECHBERERES
nAMn, ASMEEYEGCIHELYTEE LERT5.

(3) W (0.05N NaOH ¥#)

(4) B¥W (6N HCL #HiK)

(5) ¥ Gw/vy NaCl )

(6) &+ vR#pE
AG1 x4, Cl #I, HIfE : <400 mesh.

Bio Rad Laboratories i,

3. REBERUBH

3.1 F{LkFEMUNAEOENRIRFFE
MBI ORE AR TT L TRE IR RR, 7
A ) R TRRICTR T RIS Lo TR E R, K
Bidkip1 + v (HS-) RO B A v (S27) s
ThHEELDRDS.
H,S+NaOH =— NaHS+ H,0O
NaHS 4+ NaOH — Na,S+H,O

WEeh ) Y ABREYARBECIOTRTLTHEEZEL, RERX
BB E A WIUT X # 7oKL b Y ¥ A BED RIS
WY A< 7 + ADPIERE RS Fig. 2 wir L. Fig. 2
CRBiL7 ve =Y ABREFT vE=TKTHRLL
BROHIEERY R L, WIhbER 232nm T
BAGINZRTALZ b ApiEbh, ZOBKEREH
E81 A+ v S D THBH T Lrbhoic. Lich
ST, BMITEY LMk FhomEREL, ChETOX
i BAaRIE EERTHTRIRINED 232nm k5
SANRIY A EERE LTRD bhb 2 L3 bt D
fe.
BALAKEOBINEE pH 7 A LD 7 v ¥ B TIe
G oy, BbWA F v OBKBRINER TH S
232 nm FHECRIN A FRE 72 EAFE L. Fig. 2
WRLEX 51, 0.2N oXEEbLF + Y ¥ A%RE 232
nm ChTFnBINER T, 0.00NICREZETIE
FBATRBIURIE & A LD bhviehol

L LR B, FifbKEO RN 0.05N D KEE1L

o8r

\"(NHz)2$ soln.
{20ugS/diLNH40H,
500ml)

06}

Soln. absorbed
H2S by this-
method
(75ugS-K2804/
OO5N NaOH,
500ml)

o
D
1]

Absorbance

o
N

02N 2
LNaOH
005 N
NaOH

200 220 240 260 280 30
Wavelength(nm)

Fig. 2. Ultraviolet absorption spectra of sulfide

ion and absorbing solutions.
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FF U YA 5.00ml B, WA & v DRINE
Uik R 232 0m CRIET A2 & L. ik, 2.3 0
BOF LIc o TR R o i B 2R TR T 5 B,
WRICH 2 b h ABBEED, BB bbb T hitalbkE
PIRNEAFTE D AT TL 55, SRR FOmERSE
BRI ENSFERIRC VT, WINES BRI DT
BLARRDORIN A RELTH 2 &id/el, by
A4 VOREINRINIE 2 HET 5 & Eidishotk.

3.2 FEKRFEOWINAE

BRALKZZ 7 v ) BRI EECRIN X85 & & 28
TEETH B 2%, TALKEOTINAIMC KD X 5 IctilEd
FERFICAT 5 BE R DB, Thux, (1)5Hb ARERTED
BERC XD, BHVCIEEREORING X > THRETS
KREKOBRE, (2)RITEGRHCRETS D AHBE A
PDERE, (3)BRILKEOWRIEISET 5 & TORBKIC
B HABEREYETHS.

(1) DTk, Fet 3 KIRG WU A B0 &
B CHABEDRR LB, Fig. 1 KRLI-Z 51
BOGHE & BN D P 2 i, = o ClRIVERFET
LIl Ui, MY AR 20ml *Fv, 2-3 D
TEIC L7chi>CHY 10 min JRTEHRH %1707 B &4 2ml
DIRHDEK Z, FFBEEEE R 2RI L& it 2 o
ERMERE LD, ThSRESbOEBTRIN I h
TRINE EEREINE S5 Lt h Dt

(2) 2w, RIGH CHMERETD Y A I A
PRI A b BiA Eh, AKER kOB T B
T B WAMRD TG AR L, T Hh Sy ER
TREBRINARTIDICIEBREORR L o, =D
gL, LRE(1l) o%a LR EEELRT sz e
XoTpRcE .

(3) 2T, MALKBEIKCERT HHEE (2.55
ml H,S/ml H,0 at 20°C) % 3 D=z, BTG it
— IR SR SR & T B RIS D BRIV~ e B B
DHBECHBRE LT, ABEEORR LS. Ak
BT, RIGHED DU\ 7o 2 8B EGE D A
BOPREC X VBESHETHY, BELSIHHIL
KEROMNEBEFARED & LEFLC VD, B S
U W EERTOMERFRIRBC Y 55, £
T, WP INEBEY AN, #TEE% 8min {75
7D, BIGEOTE PICRIE A M X ¢ CEENY
W% LR, MEEEMERPSY SEYFL, HERH
CHILKZOEREVRED bhiz. L Ap, 6N EfE*
RWicBawl, LoEERYEG LK LR LER
ERG bh, HEPIREE LTLEREDL bigd ot
2.3 OBFC LcA > TR B THEY L, EKe

Washings : 6N HCl

ﬂ

— Washings : 1IN HCI

Absorbance
o
~nN

Sample: Carbon steel,
0.59, 0,0019%8
Absorbing soln, :
0.05N NaOH,
5.00 m]

2 y [3 8 1o
Time (min)

°f

Fig. 3. Relation between absorbing rate of hy-
drogen sulfide and concentration of hydrochleric
acid in scrubbing solution.

IN Ro* 6 N oiEfEEs B\ 78B4 O bk EZED BT
D LEiE USRS % Fig. 3 iR L.

ChODRERN S, WK 6NERY V-84
i, ¥+ V7 —HFALIDOTRE LLBMEBOEMESH,
BERNTHEEFEKCR Y, oMK Lo CEg E:
~OFIEAREOBEHIFIE L, HlbAEDLE2E LI
UNIR P I% 0 5A L 2 EMTI BRI le Db D £ 2 bh
5.

33 BOARPETHESEOEEORE

WMELEWETEKRRE LCELEZ T A0, 3
D AR T S b2 & b BB TEES BT
Wt THET, B ABBLERCKST AETASE
& L"C((i Sn7)~9), Crw)“), Tilo)’ Mnlo), Mo &Uf
Wiongs & hCvb. Zoda b X h—Ey7e Sn,
Cr RUSBMARNCER) & B2 bhi: Fe #HECBT
o TR L.

Tiehb, KEEOREREFIC D AR 20ml ok 0.1
~0.5g® Sn (¥R, <200mesh), Cr (Bhik, <<200
mesh) K O° Fe (YJHIRL) 28N LChEL, b AEESH
CEAMHE LTEEThARBBESHILKEE LUGRTE
HMINDHEEXHE L. »ABPRIIEBRNLBEO
BB & LT E TR TS 70, TRIEE & 43¢
KEFHD 7 v —wrdElicA s —5 —CBETES I
5Ie7 5 A2 RHEBEL, 50.0ml o 0.05N KELI -
VA BRE AR, TBRLELS L FEKEY BN s 2
i

EEER %Y Fig. 4 R L7, Cr KO Fe 2w
T BB R O BRAEAK R ~ D38 TLEE I E A%, Sn
BERFECESBILART2TH D & Erlbhor.

Sn ZOWTE, b AEE 20ml fhic 0.5g DLJE Sn
&M LA, SnCl-2H,0 1.0g % ¥Hin L7844
Fig. 4 LI LA EEDL LY, BLENEEL>K. Sn %
Buvicih i Coft T, 39 A B 200g1C SnCl,.
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08 Cr Q3g
06
e Y A it N
Q
[ =~
o
£o4]
a H3PO4 : 20.0mL
4 Absorbing soln.
:QOSN NoOH,
92F | s00mt "
00%~72 a4 6 B8 10 12 14 16 18
Time (min)

Fig. 4. Effect of reducing metals on reduction
rate of sulfate to hydrogen sulfide in phosphoric
acid.

2H,0 20~80g?, b AH 250 g 1= SnCl,-2H,0 50 g®
BRI LT, S0 () -3 D ABRTREFE LT, &
hHD Sn BRI AERCHNCIHERRES K, LED Sn
BN LA RBELTHIEREL LD EE L bhb.
L, BRTHASBRINERZE L T5 LM ABETE
DML T B < h, FMBRonR
HEAMET L, BRECHOEEIITH LT eb
EREMS R T 9 BT

Cr AV IciE1Y, Fe K ~ChibKFED T4 Bith
FRini R <, Bt RkEOREBILVERELE .
CHIIER L& B O » ABEC X 2B REER OTLEY
ELTEENDHHACGYOFELZT HD T, KEW
RGO TR — &35 = i TE i, Cr
BEYRD 0% FVTotodic, FIERIE AV Fe ikt
RTERHREL, EFLTMYOHEEYEELZ &
b, Fe OFEOHILKEDOFRAMRE L BigocbD &%
zbhb. DAEK Cr ZHMLCMETS L, Cr A
BRLT, 2. v FOERYE LTHbKEYRE L
4%, LIEWERWEAYE L, hABEENREE LA
DB EREDDRBE~NLEETS. CoEHEHOEIX
Cr OffifidELTED, 2R 3fio Cr 14 v
BIENERELTCWBEEL LIS,

Fe BHBEILAEWHIT LA EEER VT BV oizd,
gL 0.1g BT 0.3 g D& THALKKE D Fe4E REE
EER CHEREE, Cr L RBCHEVCETSERAZIET =
BB Bt o,

P ER~7-X 5, b ABPEnT2EZTASER
Cr(II, -5 AM (BEE) X0 IR OBMIRE
LT\ Fe(ll) -0 AR (k&) V5
L L. - ’

3.4 BOABPRTH FeBORE

B AETFD Fe(ll) &XHBEAEHOMILAE~D

BIEE F OBRC OWTKRE Lic. Tibb, KEE

Absorbance
o
w
T

[o]
N
T

IS content:20ugS-K2S04|
Absorbing soln.:
O.05N NaOH,500mI

(e
T

O‘oo 2 4 6 8 10 12 14

Time (min)

Fig. 5. Relation between reduction rate of sulfate
ion and content of iron in strong phosphoric acid.

DRJEFEFC D AEE 20ml KOt Fe HIHI% 0.1~0.7 g
FANTHEAL, DABRY Fe g h 3MALS
WEHALKEE LTBRETS. IEKEOREET 2R
N D BINRINBIEL X W FER LD, INEvk 0BT
BRI AYRERAREEOEINTE. 20X LTH
Bl Fe(I)-WbY A BRITET I EEREEBR (20
pgs/ml) 1.00ml FIEFEEM L, 2.3 DFfECiE LT
PRAbKRFEDRAEEE > HIE L.

HIEFERY Fig. 5 WRLLH, M ABETEF D
Fe(l) &%\, BifbKEDOREH K= & pidonrD
7o. SHBEET20pg ORMEEDOLELRHHLAE L LT
BICERTAHI-DTIE, DAEE 20ml By ABE L LT
%1 15ml) erd Fe(Il) #As 0.1g DA INBBALE D
L& 12min 2F L. L, L, Fe(Il) &4 0.7g ©
BEE, K 4min OBEREMTHRE T, BITHEOKEMN
LA U THIEARENRRE LIBD THhBET 35 % COR
B 2min RO TRETH D, Fe(ll) B% 1.5
g Bl LIcHEL, BUAYERIC D ABSOHH
ZhRed s, WRBOBENIIPMET TS, Howix
IS e > TRIGE» GO REEC kB 7c & D
RN Ui,

BAE2 & Fe(ll)-H 9 ABRITHKIL, b ABE 20ml
i Fe0.5~0.7 g %ML THET DN DL $HY
ThHDHI Ebd D, Lnl, AOWEeksmstes
WL THIDI, @ERRE LTD Fe HE&ALBM LM
RMICETERERETHLELDRBDT, BILTEFD
Fe(ll) BBl BTr BT IV sk . 20
T, 2.2 THELILE ABETLK (Fe 0.13 g/H;PO,
20ml)20ml %R\, #iK% 0.5g & LTH{bKED
SEER LA . : ,

ER% Fig. 6 WiRL7, WMEEBLTHLL 4
min BE ¥ CHEBOBEMRICHET LTW5SH, 0
BOK 2 min THALKEDRAEIZET Lis. - DEEH
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0.4
Fe Q.g-H3P0O420mL
0.3
Qo
5
8 Cr 05g-H3P0,420mL
go.z2
Qo Sample: Carbon Steel 05
< 00019%S L0539,
0.1 Absorbing soln: QO5N NaOH,
500mt
00 : y . - p
0 2 4 6 8 10
Time (min)

Fig. 6. Reduction rate of sulfur contained in steel
sample by iron-or chromium strong phosphoric
acid.

5, SREHIIR Y ABI o THEBI NS LRIBED
TORTERAEXRELTVWA D EEL BRD. Licho
T, @WEOPRSRETHEAE, KFHEH ABPCET
HEB*EHISAHLENR WY, M ABETROT
BBARTH APy L LTEEN MR DY
BRETLEMNTOROETHEREOTMALE LS.
2.2 CuR_7c Fe(I) - 0 AR TR OFABATEC I
Ti3, Fe B4R THSH, MBEEEET H ABEE
DT LA D 1o Sl CARM M OB L S W TEE R 3
THZ EMNTER.

Fig. 6 i3 Cr (I, ) -8 » AR 2 A&
DEERH O Lich, Fe(ll)-H b ABRITEOEAWC
HRTHALKREO REEEITE, DI, X, b AR
20ml g Cr fi% 0.5g &4 < Lz, R0
BIREEMET Lick» EELZ NS, ZOBEELLD
WY ABTORTHEEBOSERIIMBD I L, @K
fieho> Fe OBRTEREFATLHEXEFRITHS.
3.5 MBBEERUVF + VP —HIARZALE

AR BRE O FALKED BILEZ D 7DD 2k
13, RGOS Z o0 ce — 2 —DEEYHRE L
Trote. SRARPOMBLEY Y RECRTEL T3
Ty, SAROBREICH BRI LL o bis W2
B, 75~ ERETHAORR SR 5%
B oL BL V. FE 180W e —sx—%F
Vv, BER 35V RS LB ECET cmEd T2
P, ZOEETIMERLTY ABBENRE LTWBEO
BITWOWIEL 410°C THok.

Table 1. Reproducibility of results by the
proposed method.

Proposed Method (S ¢5) Conventional method*
o V.

Sample *(n=10) S
Carbon steel A 0.00039 0.00002 6.3 0.0003
B 0.0008, 0.00003 3.9 0.0008

C 0.00185 0.00005 2.5 0.0019

D 0.0055; 0.00011 1.9 0.0054

* Etylene blue spectrophotometric method$?

e
o))

Absorbance
o
Pl

0.2+ Wavelength : 232 nm
| Cell length: 8mm

(7] A
0 5 10 15 20 25

Sulfur (pg S/ 5ml)

Fig. 7. QCalibration curve.

AL KREORERER Y * + V7 —HRAE LTOEE
HADREIAZEL, ZBE D LTLKKEDORINIRGE
iy, PhITEDLGICKREOREEENEL g0
7o, Livl, TOmMEREFRCHET 2 0E L, 100
+10 ml/min BREMRFY TH DO,

4. B B & R

4.1 ERFR

2.3 OEIFIC Lich > CEIEEREBEW 2 AV TR L
Tk o —B% Fig. 7 wm L., WKLY 5.00
ml b LB ER, 10pg © S ZWMKE (BRI = L6
£ :8mm) T 0.36 27 LCERRE B, FER
M BIFTH O
AEDOFME~DBHAOE—BH L LTRESHERD
BRI 4 B A R ERMBEIC OWTHRE L. 10
Bl DR U TEE LICESDORESR Table 1 i/m L7z,
AW X BEEFELRIEFC, Table 1 wffic LicEK
SR-HI.-H;PO, HEIT-=F v vEHFRIEKEEIC X 55
BEED I{—FKLL.
4.2 FEOHH

AL, HEROBTLHRG- 27V VEBRKKEEI RV
BILEH-=F LV v FRCKEED T KD X 5k
BHEE L DOTU5.

4-2-1 EERE, BE

AR, FEREYO EHANT, A—XBEDORN 1%
BuiEarnBiRERrEREBE CH 5, TEiE
FOBM & RZeREELY § Tolo\ s FOBERIEN S, F
ETRIEEL, 0.5ppm BE  COMEHRE TR
TED. EEBEECOWTE, 41 GRNeH, TEE
R BT 5 BEERN A Icvic®d, RBFETHOTY
BUWEERXBL ENTES.
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4.2.2 BefhisvE, REH

AEEL, SV OBME LB KR DR TLEE O M ERIE
RV, FoiE IRtk BREORE I
SEBFETHhTICERERIIMRIIE ME T3 o, #
YEBSH R CRER CER T3, Bk RGP
ATHE EOMEAEERTTIL, RAEETLIED
CEETHZ EMNTE, 13 10min OEEMR TR
HICERBTES. kY9, SRRER (ETK) -&i#
(THEEBR ) - FiE L (Fe(l)—Fe(Il) &x7&Y (HI-
H,PO,) -Bi LK REIN GEEHESHBK) -B26E (£ F L v
FElok=5 v vE)-BXEERE (670 nm) ix LEMER
BIERDBEL L, LETEHEIRVD 108
# 100 min BEO SR ZYLE L T5.

4-2.3 ZepiBRfE

SMARHE RS O —BRIEF L, THECEWHE AR
P LTEETITED, MBFRESHTHSVTLIIRD
DAY X 5 EHBRERVCEEREEHET L 5 ERR
) EEBEETO REEAHDDOTEL C EEY BT
5. AL, Fe(l) -8 b AR TREOKBRILF + Vv
AR D 2EOAFEXERTHOKT, BiEEALEH
BB CTRACEMIBRE I h, %HIX 0.05N OFH
B CTHDH DI ERBREILLED bR, 7,
EaEER T oD EINRIRIE 1) 5 22 iR
bRD LT, ThbDBRBMEMNEE LTEHED E
SWHEFlleHE V2 5.

4-2-4 BRALKERAERILOBH

RILIER BT 0 LKED R BB, —Bwhn
BRLE, TREBHE, *+)7 - A AKREAREEC X
DOTELLEEINE. Lich2T, BHRIhbDK
BEGRBEECHEL, 2 oRed RAALKYRHREY
BRELTWS. REQERELZRER Y, RINE LB
SHRETCHER L, FIEKEORIN & 5LINFIEE DRI
ExEFRIZIT 5 Tedie, TILKEO LR %8 B
THZENTES. FILAROFBER TR ER CE
DI, BEFHOE VOB HETE, FEER
M BRABEME bk EIVEENTHS.

4-2.5 MWAM:
AETHWDM D ARRETTRILERE N A E DI,
RAEBCH D DOHAE P Fedhd. BBLEA
HEH 5 AR, BYABC I OTHBRWESCEBEHREIS
2, REEOOHITL 150 AR aHia KB Lich &
THITEAERREND Z Eitieho7. Thit, &
BEOBER CGH B b A BRSO T H U CME )
ETHEEPELD, OMEBERC I >TRAEMNHESR
habDEELDbIhAD, —FH, ¥+ )7 —HAKRERAXR

BAoRESL, 80 REBREY T LS TRAEIRT
LEASLDIL, BRCKBTEAH I L

5. EERERLOEA

1~2ppm UTFTOBYPEMELXRBE IS ERTHLD
iy, AEDEETRAYFRETL, BB ERETE
5L THALENRDD. FIT, BRNKPOTALY A
d VA BEIE CEET A AEC Lo TERERE
O BRI
5.1 LA F v DA+ 3T

WALKELKEEL > bV v 2RI b CREEE Uik
B4 A v O A & ARSI X 5 RERVCBEHEET
DWTEHN. 2-3 OFEBRFC LB >TREI R
AL AKEZEORINE Y, 1+ v lBilEH0 2 2 R/EL
fohn 5 5 (AR 9mmg, EE 50mm) KEFHEH v
T DAL THALY 1 + v ilfclkE ¥, ket
FrU v A BGw/v%) FEDIAATEHILS A & 28
H &, SBINRIY A BIE T 5B Lo TR L.

B 5 A% LI {EARER KD 232 0m Tkt B
Bk 2 5D DR, Bk 4 vidig o 4 vl
BB ITRETE S Ehbhot. 1, HISCR
BINLBACS A A 2, e r ) T ABEEED A
DR IDOTEZCBHETE S Z b2 7. Eik
> b YUY ABHEOH S 5.0ml/min & LicHa okt
YA v GpgS) OBHEEDO —~FlE Fig. 8 WRL
Feht, BAb 4 4 vk | min O E R CHRE AL T

0.6F
0.4
3
S
£
EE Eluent:
< 5% NaCl
Flow Rate:
0.2r 5.0 ml/min
Wavelength:
232 nm
Cell length:
8 mn
0.0 AN

o 1 2 3 -
Retention Time {(min)
Fig. 8. Elution curve of sulfide ion. - - -
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340 g% & 0

5 68 4 (1982) 2=

i, COBHBEY A A7 5 ACZFTTHBEEY 10.0
ml & UTHIE L 282n0m ki BRIEER, 14 v
KRB THTECBEEY 10.0ml & LicE 20Ht
KERERPEDORIE L& —H L. ZOFER®L, E
ROFELC BT A + v REEIEC X 55k 1 4+ v
DORERCFOBEHITIEECT LR TS Z ENEST
bt

5-2 AFUXBREHE

Fig. 1, Photo. 1 /R LIcAPHTEBE TR BEHY) 0
B BROUAA VRS S L E%HE L, Fig. 9 Wi
X5 B EBEREOWEBE L HASL T, AEEXH
b4 A vRBEBEERUBEEREEZERFIIKRO LB
ThH5b.

(1) 2-3 OEIEC LichS > CRINKE 2 RINE & 55
KEFOBRBELBR IS, RIGH» DRITEZC
IOoTRETAHARIEAREZRINZRS.

(2) DIHEHD 232nm st B EEEH—F &
O THULAREDORESET 2R Licl DY, HEIY
Bx% SCHIFBI e TRIGE Y A 4 v n 5 A ~3&
DiAly (FiE : 10ml/min). #) 2min CTRIFEROE
TP OB 1 A v BIECREE NS,

(3) HHBYIHELS SbEFEII 2, BHEK G w/v
et b VY AT B h T ANED AR (FE 5.0
ml/min), HHEHEHDO 7 v — 1 HBEBTHEHEO
232 nm KT HBRNKEXHGENET 5 LI hice—
IBRID WEEELY RO D5, BHBRIIRIGEY &
D, ML Sa B THHINS.

(4) TEHE JK) X »r754, 7r—xr, R
W, BRF v20 KKK 2min EHAALT (K :
10 ml/min) #&T%.

8 8 9 10 11

1 : Reaction vessel, 2 : Ion exchange column, 3: U. V.
spectrophotometer, 4 : Recorder, 5a-5¢: Flow path
exchanger, 6 : Constant flowrate pump, 7: Vacuum
pump, 8: Waste water, 9 : Scrubbing solution, 10 :
Eluent, 11 : Absorbing solution

Fig. 9. Apparatus for determination of micro

amounts of sulfur by ion exchange concentration-
ultraviolet spectrophotometric method.

(3) W3+ v 7 RFEIe, KEHbhORBREE
HEH L, WU (0.05 N KERME I+ ¥ ¥ AFRIK) 5.00
ml 2RIV ~X 0 AL (fif& : 1.0ml/min), KORAE
DR AT 5.

A b B#IEIL, BID AL » F2IRIET AL ATIE

fECER LN, vY—br VAT R 75 = —%EE35%
EFCHBbERERE TS,
5:3 ERRE

ERETRBBR YRR, 52 OBRIEC Lichh2THER L
TR BRO—Fl% Fig. 10 2iR Lic. o o vaSiasigg
RExiThlWiHe (Fig. 7) KERTHRABEEREY
MEXRDZENTENR. HT7 A8, BIENE, BEEK
HERE R ELETCY 1 4 OB H &M 2 2R3
ZlicXh, BkERErigFTcEs.

Fpx EERBO T E#A LcE R, Table 1 iR
Lict & vRBREEYTHIRVEBEOTEEE & 13—
LR v E . MBEEEIECEVEME~0MH
A OWTIRAREH TH 54, EEERCISVTHA
F vRBEBIET X 5 BERFEIMELR T 0T, +
SBATELSDLEEZS. 1ppm LITFD X 5 Iefhik
WA EMECER T2 BEENE Ul d, REFED
PRSI X D RE M X S v 2, EEED X 5 kg
IHRBEREXERFHELE LTUERERSE EELS.

6. %
(1) oM ERTL EfM» >RECERT S B

Dui

0.8
0.6 -
o L
Q
=
Soat
1 ]
[e]
)
el L
<
02+ Eluent : 5 % NaCl
Flow Rate :
5.0 ol m |{.
Wavelength : 232nm
Cell : 8 mm
0.0C L L ! 1
0 1 2 3 4 5

Sulfur (#8)
Fig. 10. Calibration curve through procedure of
ion exchange concentration.
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BRIbKERE-BABNEC I 2WPHEAKRECOEER 341

BT, KEMMY Ok DOTER S O 2 E MO
BT oW TERRCER L, HTLL 2T ERD
WE AR L.

(2) AR, S84 Fe(ID)-HBHY AMETKT
BRI 5 & RBc g Lichi b1 4 v O RBRIMRIN %
SHIE L CHESER Y RDBZ EXEARFTELTS.

(3) SV HEROEREREETEKKD IS
AR H LI L.

(i) BfbREN KB + VU v 2RI THEE L
LA A o ik, BIMERO 232 nom R ARV R
*HOTRD, BEEFEZTHTCRERIELREC
5.

(i) SERMOBMRY BCkED REREE, Fe

(1) -8 b AFRE T A B8 T RBRMEL L <, MRALKER
DFRAHEAE .

(i) BifbkESL 6NER THREE, RIKTED A
rr EW Xy, BUELAKEOEE NEBEE~DMERT R
IETE5.

(4) A, @RAHROCRTRYRIGEA~EAT
5ic FOEBAERIEC L 2T, 0.5ppm EE F TOYE
W a1 REH0 10min THRECER 752 EMNTE
5. EREBFOME R, ERBENVC L, BERE

b &, FALKEORETET X HETEH T &

7o FEEERDN D WD ERBELRFTHS.

(5) Ff, FEVEKC, WY1+ 2B+
REBIECRBRETAFERY LA LR IY, HE
B EROMEOTED T REM R Lt L.
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