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Abstract

A method is developed for determining total amounts of sulfur in solid samples
such as metal, soil and activated carbon. Sulfur in these samples was reduced to
sulfide in tin(II)-strong phosphoric acid by heating and the sulfide was introduced
completely as hydrogen sulfide into the absorber vessel containing a mixture solution
of iodine and cyanide; the hydrogen sulfide could be instantly and quantitatively
converted into thiocyanate. The thiocyanate was measured spectrophtometrically
at 460 nm as an its iron (III) complex. The applicability and reliability of the

proposed method was confirmed by determining total amounts of sulfur in standard
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steel materials, SRM 64c and SRM 32e. This method was successfully applied to

the determination of total amounts of sulfur in electrolytic iron and antimony. The
mean content of total sulfur found were 0.671 mg - g~ ' for the electrolytic iron
with a standard deviation (SD) of 0.015 mg - g~ ! and a relative standard deviation
(RSD) of 2.2% and 0.380 mg - g~* for antimony with SD = 0.0033 mg * g~* and
RSD = 0.9%. And also total amounts of sulfur in soil and activated carbon samples

could be determined.
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TR L AR, TR b, MR(bW, ¥R VEE, FA YT VL o fie O THELEL (1),
ZNOHATE 2], BA (3], B8 4] REICEIN TV L. NS BT OREWR T O5HIY
20T, e OB ZE &0 L) TR R RS Z EBRETH S [1]. FEERRE O
BRI D73 AT IS ISR & INBARE S & C BRMLIRE &2 AR S 5 58 (BABED:) [5-8], HRMRIC
Lo TE %2 B S THRALW A F > 2 AR S5 513 (9, 10], REE W THEM L THREA +
ICFECHLT 251 [11], EEE L MEORMEIC X > THfEE CHILL TRONDHEA 4~ %
£ LKFER — KLY AR X - THALW A + Y ISRITT 548 [12] BL XX (IT) -5 ) AR
[13-17) 12 & o THALW A 4 VISR ICT 2 ik EORMBEIRE SN TWD, TOWE, It
REOWEIIET F T 7 v akfl (1) OFLETFTHNTU—=XT7 =) Y EARAVAT VT FEHw
BDWIOGE: 5], 7 b7 7 ua kil (I1) & 0shA & > 2 EINBTROLGEERIE 3 5 Jik (6] R&
I EE 8], ALY A A I L Cld &) FlEk [7), AMICERSEEA F Y LB S &
TH U B HALER DI & 20 2 e 5 4 (9,10, NN -V AFNV—p-Tz=Lb Y
TI VBB [12) R p — T I/ VAFAVT =Y v [14] L OIS E AT 2WOREIEES L O
2,2 —EY IRV VA IF Y= VKR (1) & ORISR 2 8000 ed: [15], #lgA +
Y OWEINE—EBRIFEONY T A A F 2 ZMR TN 7 A% ER S THREREDN) 7 4
A% v % EDTA BEERECUE [11]) T2 Kk E0HiE ST 5, Bl Tl sl 7 755846 &
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LHOE, INF T ABESAPOREE A X (I1) -0 AL HVTHALEA + 1058
L, SSICHALWA * v % FF T VHA F VICEZTF AT T VSR (D) 854 4+~ & LTl
SEEME S 5 ik [16], TIEhOWERTEZ L5 ) —VIicYy v 7 XA L —iiETHm S, T
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WEE A () -0 ABREIMET 5 Z LI L > TETOMER S 2L A 4 Vi L, &
NEed 7 AWA+ > L L) FOREGEPTT AT Y BA* VIZEZ, ThEFF T Rk
(III) $& 4 4 > & LCWOBEEIE L, 138, @&, WMRE L v o B h Ol 2 €83 % )7 ik
WAL T B T AT E /2, Aik% National Institute of Standards and Technology DRE#E 4R
AEOMHEDOERIIDIGH L7225, HIFICHNMTE L Z EMGh -7
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2.1 ¥

AKITAEAZ 2 IR L2z HREAKRE MR Lz BT OSHRM 2 BRIz £
HL7%,

A (1) =58 Y AR AV b D) ARR (FIDOGHESE TS, U 98.0, #EE85%, d=1.7)
225 mL Z UK 7 5 23 (Fig. 1) 128D, v ¥ bve—% 2 LT 250°C T 1 KEfhns L
THIKL, MY AMEZRBL 72, FiRF CHHAL2%, bR X (1) - kAW (REE3E
TEEMRR SR, & 225.65, M 97.0%) 59.67 ¢ # M A, @EEEHLAEAS 280° T 15 47
B CTHH S 720 T8 SFRETLHRFERIER LM T IEICE > TAX (1) - D
AR HERE SN, FIRHSRAR E 2 2 A6 b Bk SNz HONTZAX () — 580 ABRE
WX THRL L CEWO A T A BRI L 720

FAYT VWA T OB FA YT VA ) Y A (ADGMEE TSR, & 97.18,
#EE 99.5%) 10.75 g ZRIZENL, 1 LICART LI EICEoTH 0.1 MBREAFBR LA, &
DRI THRRSR ORI % v % Volhard TRBIH SR L o THEE L, FEBRIZIZK TEEAR
LT L7,

AL A & > BEHEA R kT B ) 7 A - JUREIY (Rt T3Emkaatt i, Kim 240.18, #l
BE98%) DR & kil & BIRFK (FHAARIKZ#) 30 0 Hible S CEFMRERZE L, BT
RL7) THEL, #RERICHELKREAKTHENY, €024 g 2 F L o> THBFRKIZ
WHHL, 200 mL £ THML. TOBEBRIEE D REEHIC L o THE L CRERFK CRlIEA R
LCEBICHA L7z, 107"™M LN VOB T A + 3B SIS BLAMIbE 2 57012
AR 30 LA L7z,

T AU 27 AL b A (RDGRSE TR, SR 49.01, H#EE 95.0%) 5.2
g BARIZEML, 250 m LICART A2 L12X->T 0.4 MEHRZREL 2

EDFEAXY =V 0 &) F (OGRS T3, & 126.9, #LEE 99.8%) 0.635 g
ZVRORAY )= VIZENL, A% =V T500 mLICHRTAZLI2L-T0.01 M &HFEX
y ) — VISR R L 7,
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Fig. 1: Apparatus for the preparation of tin(II)-strong phosphoric acid.
1, flask (300 mL) with round bottom; 2, cap with both gas-introducing tube and

thermometer-protecting tube; 3, thermometer (360°C).

$ (I11) O3 FRRAR © WREk (I1D) - JuRFAIY (FDGHISE bk 2t i, 5UE 404.00, #
£ 99.0%) 306.1 g % #¥EFEE (AOGMSE TR SHER, & 100.46, #EEE 60%) 217.6 mL 12
BEHL, KTH500 mLICHRT 5 &1k -T 1.5 Mgk (IID) @ 4 M ¥ R A 2 30
L7

WREE 02 M7 Y EZTAKE 02 MBYLT Y B AW E 111 OB TRAT A L
WX oTpH 95 DT ¥ E= TR 2L 72,

BRIREEARRE : S UA T VAN T2 — 5 — TRl SR KRIE L IEMEICR D ERD, X/
TSR TIEYDOLL (W8 Ay a) LTRALL, ASNAHBET Y r—7—i

(@]

PAF U720 S RCEAERRE A IX) ABRTOKFE A ) 7 & (FDGHEE T3St o KH POy, U
136.09, #EE 99.0%) 10.44545 g, WEgF b ) 7 & (FDGHESE TEARA SR O NapaCOs, A&
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Fig. 2: Apparatus both for the evolution of hydrogen sulfide from solid samples by their
decomposition with tin (II)-strong phosphoric acid and for the conversion of the hydrogen

sulfide into thiocyanate.

1, 80-mL glass-stoppered vessel; 2, cap with both gas-introducing tube and thermometer-
protecting tube; 3, thermometer (360°C); 4, electric furnace with thermo-regulator; 5, sil-
icone rubber tubing; 6, gas disperser; 7, absorber vessel (25-mL calibrated flask); 8, vessel

supporter.

105.99, #iE 99.5%) 6.89810 g, HifkF bV v 4 (FDEHZE TR AHEH O NaCl, & 58.44,
FEEE 99.9%) 2.95230 g 3 X OHEEE H V> 7 2 - KW (ADGHESE Tk S48 o CaSO, -
2H,0, & 172.18, HEE 99.5%) 0.08365 g & iRE L7ze T OEHEK A 13508 1000 mg i
Wi T % 0.761 mg (2.37x1072 mmol) &ir, AKEARRE B XY ABKEH Y ¥ 4 (Fk
MR LM S B O KHo POy, i 136.09, #EE 99.0%) 9.86747 g, HiAbF M) &7 & (FGH
T EMASH RO NaCl, i 58.44, HEE 99.9%) 4.90030 g, Hifb= 7 v - AAKFY (A
MiZE MRS B O NiCly - 6 Ho0, R 237.69, #iEE 98.0%) 7.98968 g 3 & UHmEsH (11) -
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Fig. 3: Calibration plots for sulfide and thiocyanate by procedure 1. @, Reagent blank; H,
sulfide; & | thiocyanate

TR (ROERSE T8 H R S48 CuSO, - 5H,0, At 349.68, MEE 99.5%) 0.13865 g %
RAE L7z SOEREE B IE#A 1000 mg HICHEHE T 0.774 mg (2.43x10% mmol) % i,

2.2 WHLHHE

BEARGEHH O ORI A 4 » ~DO It & bk FEFEA & ZOWIUE Fig. 2 1IR3 #iE % 1§
H LTI % o 720 SALKERAE OMBN LA AR BET O SYK RIS 2 A L7z,
AR FE O FER 1213 Mettler Toledo B NAHE H16 BRFEZ M L7z, EHROME ORI
MNEEO KOJIMA KOFLOC RK130 7o — 2 — % 24/ L7z, &3 =380k S4t
# STANDARD SCREEN SEIVE, MESH No. 80 #ffH L7z, pH ®O#l5E i H 37 — Ji it 3
OM - T8 pH X =% 2 L7z WOLEE X EEE etk St 8o UV - 240 B HE 500
FEE OB E 10 mm O F 7 ZAw)V) ZAL, #HE 460 nm THE L7z,

2.3 BfE

2.3.1 BMET (BRALWA 4+ > o)

25 mL DARAT7FAIZpH 9.5 DT Y EZTHEMFK 2 mL, 04 M ¥ 7 fbF M) 7 A%
W2mL BXU0.0IM EHIFEAF 7 — U 1.5 mL 280, ZHIZ6.0x107* M $ ToOHAL
WAt > 2 EGERBAN 10 mL 22 %, 20L& XHERD pH 12 9.9 ISHAM SN, 1 mol Ok
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Table 1: Effect of amount of tin(II)-strong phosphoric acid on the reduction of sulfur species.

Tin(IT)-strong phosphoric acid Sample A*  Sulfur found Sulfur content Error,
/ mL /g / mg mg /g % %

0.761°  0.0761°

0.12273 0.0941 0.767
5 0.12562 0.0938 0.747
av. 0.757 0.0757 -0.53

0.10580 0.0809 0.765
10 0.12673 0.0976 0.770
av. 0.768 0.0768 0.92

0.11178 0.0844 0.755
15 0.10662 0.0819 0.768
av. 0.762 0.0762 0.13

a, Sample A was prepared by mixing KH2PO04(10.44545g), NapCO3(6.89810g),
NaCl(2.95230g) and CaSOy - 2H,O (0.08365¢).
b, Content of sulfur calculated in a mixed sample A

av., average

1WA+ 2 RER (1) 1265 T, 1 mol DFF ¥ 7 VEBA F ¥ 2 ALFRARINC ALK T Bo
S*7 (H2S) 4 I + CN~ — 2SCN~ 421~ (+2H™) (1)

Wi 1.5 M WSk (11T) 4 MR EREAR 3 mL 22 Ca&mEAKT25 mL & L, XL
F+ T vk (1) $54 4 >~ OWOLE % 5K 460 nm THET 5,
2.3.2 BMEIT (BRI OREOER)

B bR TR ISR (0.1~0.3 g) ZIEFEICEDIRD, WICAX (1) -5 0D ABER 10 mL
#MZTFig. 21ORTEHICESSICEy L, #FEEES 50 mL OfE Tt L2275 280°C
T304 ML (45 77 1H) M5, 2ok &, BELLHILKEEZ 25 mLOXAT75 A3 (pH
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Fig. 4: Effect of heating time at 280°C on the reduction of sulfur species in solid samples

by their decomposition with tin (II)-strong phosphoric acid.

A, sample A was prepared by mixing KHP04(10.44545¢), Na2CO3(6.89810g),
NaCl(2.95230g) and CaSO4 + 2H20(0.08365g).

B, sample B was prepared by mixing KH2P04(9.86747g), NaCl(4.90030g), NiCly - 6H20
(7.98968g) and CuSOy4 - 5H20(0.13865g).

C, National Institute of Standard & Technology, SRM 64c.

D, National Institute of Standard & Technology, SRM 32e.

9507 Y EZTRRMHEW 2 mL, 04M 7 LT P 7 2B 2mL, 001 M XHHFERX¥ ) —
VI 1.5 mL B X0 2.3.1 #E T TORALY A 4 ¥ HEHER O D D 12K 10 mL ORAER)
WAL TN S ¥ %,

Z 2 TIRBS (1) 1R F &£ 9121 mol DFRALKFESS 1 mol DFF+ 27 YA A ¥ HVER
AR END, ZOM%, 1.5 M Mgk (I11) © 4 M EEREMBERHR 3 mL 22 TaE2 KT 25
mL &L, 231 85T LRBRICBOLEZMET %, i BEE L LT D@D RN
oL,

WEEF (S) 1 mol = S2~ 1 mol = SCN™ 1 mol

—150—



AR (D) -0 ABBIC X BIRICE F 4 37 VA & ¥ AN HEED < BUREE P OB # O WG ERE E &

3 MR LEL

3.1 HEMA F S FF T VA T Y DER

2.3.1 BAE T IS THRALI A A+ > OMEREER L 720 ZO#R%E Fig. 3 [IRT . Blliofi
AT e F 37 VA OREEENVBETEL, MUBEHERY) ORLZLE, Bt
WA F Y ORBRIIF AT VBAFT VOZ7 I 7ICBEIC—HKL, MHEHERTH-7 2D
TERD, 231 BEIOFLMFETTIE, 6.0x107* M T TOREHHOMLY 1 + 135U (1)
WZht > TILFREMIIC T+ V7 VERA F Y 2 AT 5 2 L9505 h o 72

3.2 AX(II) -9 Y AMBEROBRORR

R EAGRER ORI 2 ALK EISRICT 5 L EDAX (1) - ) ABBEROREONEE 2.3.2
FRVE TS HE o TR L7ze AR A 2 VT O N8 E % Table 113RT. A X (IT) -
500 AMRIEI % 5 mL, 10 mL BX 015 mL A L, BN % 45 50 & 2o Thisk & L
72l Ah, AX () -5 ABBBEROVWTho®R (5, 10, 15 mL) 2L TD, AHREARRE
AHOBEIFILY A A L ICETEILSN, BRIFICERTEDL I &M ol L7zd>T2.3.2
BAEIL TIEAX (1) — 580 ARRBIE 10 mL AT 81207

3.3 WHZHALKRFITEICT S & ZOMEKF R ORH

AR EARFE A & B B XU National Institute of Standard & Technology @ SRM FE#Egk
AEHIOWT, 2.3.2 BfE 1L CINEEI 7200 2 & 2 TIRE % 5047 L 720 s O &4 =A% 0.761
mg - g~ ' OEREERE A, 0.774 mg - g~ OARFEEFE B, 0.67 mg - g~ ® SRM 64c,
0.21 mg- g~ ® SRM 32e I22WTH LN % Fig. 4 1RT . SHRFEARRE S X O SRM
SRR OB X 30~60 G OMBUC X » TRAITEILEN, 2.3.2 BIEITICX > THRAIFIC
ERTEDLIEDGDoTze TOT LD 2.3.2 BE 1L TOMEMERIZ 45 5 HATH T &2 L7

3.4 SRM EEESKHL X OMIROEMREKE 7 ¥ FF VOB O & & & Wik

SRM 64c & SRM 32e OFE#ESE AL & HDGHIE TRBRASH2SNME N T2 EMERE T
YFEVHOREE 2.3.2 BAETIC X o THM L7z 5 N7245H % Table 2 IR, 6 B O#:
D& LB o BAEOF3913 SRM 64c 124 LT 0.680 mg - g~ ! (ffiEE= 0.67 mg - g~ 1) &
MR (SD) L AHHE#E(F (RSD) 1&Z2h2h0.0032 mg - g~ &£ 0.5%TH Y, SRM 32
TIEEAT 0218 mg * g~ 1 (i = 0.21 mg- g~ ') & SD = 0.0057 mg - g~ & RSD =
26%NThotze Tz, BREELT Y FEVOWEESHRE (6 MEREMOFY) IZNEN 0.671
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Table 2: Application of the proposed method to determination of sulfur in SRM and Metal

samples.

Sulfur found

Sample - SD* /mg-g~' RSD", %
/mg- g™
SRM 64c? 0.67°
0.680 (n=6)  0.0032 0.5
SRM 32¢° 0.21¢
0.218 (n=6)  0.0057 2.6
Electrolytic iorn®  0.671 (n=6)  0.0150 2.3
Antimony® 0.380 (n=6) 0.0033 0.9

a, Standard deviation.

b, Relative standard deviation.

¢, Certificated sulfur content.

d, National Institute & Technology, Standard Refarence Material
(High-Carbon Ferrochromium).

e, National Institute & Technology, Standard Refarence Material
(Nickel-Chromium Steel).

f, Wako Pure Chemical Industries, LTD. Electrolytic Iron (Powder)

g, Wako Pure Chemical Industries, LTD. Antimony (Powder)

mg - g~ ! (SD = 0.015mg- g~ !, RSD =22%) & 0.380 mg-g~* (SD = 0.0033 mg - g1,
RSD = 0.9%) T, RIFREREIELN,

3.5 IEB X CHROEERFPOME O E R

80 A v ¥ 2 DRI 72 1B X ORI F (RGMSE T S Jim R %) B X
OHEKBREEF b 7 & (ROEAESE TR AR NapSO,, & 142.04, HHFEE 99.0%) 133 %
FIWVAY) TV r—5 —Hh TSIz, 232 BIETTIZ LA THEFOHE D5 % 6 Bl
DR L72zAE R, B OEARIZESME 0.0323 % (0.323 mg - g™') TH DI A5G0 -7z (Table
3o FIEMREFOMED SN L724EER D Table 3 1R T, MEOEAHREIL0.0612 % (0.613
mg-g ) THor
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Table 3: Analysis of sulfur species of real solid samples.

Sulfur found Sulfur content in sample

Samples Taken / mg J10%mg [ mg g %

Soil* 155.18 50.0 0.322 0.0322
186.48 60.0 0.322 0.0322

205.94 67.7 0.329 0.0329

202.57 66.0 0.326 0.0326

210.04 66.7 0.318 0.0318

219.18 72.2 0.320 0.0320

av. 0.323  av. 0.0323

Activated carbon® 140.12 85.9 0.613 0.0613
140.15 85.6 0.611 0.0611

av. 0.612 av. 0.0612

a, Soil sample was collected in tokai university campus and kept to driness in a desiccator
with silica gel for several days. This was milled by using a glass mortar and pestle and
passed through a 80-mesh screen.

b, Analytica | grade reagent (Wako Pure Chemical Industries, LTD.).

4 3

1B L OGRE L EORERHIE A OB TEIN TV EHEL A X (1) M) ABREZ AW
TS 52 LIk o THALW A Y ICETEILL, ZOWWA + > 2hfbkFE s L TRIGHE
(PpH % 99 WCHREI L2y 7 b F M) T LX) FERX Y ) - VORABER) #&L25ml O X R
7 ATZEAL, 1 mol DMER TS5 1 mol DFF T 7 VA + v 2RI/, AL
FAYT VERA G Ve (IID) L OfhA A+~ (k) & LTHOLERIES 2 2 &I X o TH#E
FERIMTDHEERIE L. AEZEESERE (SRM) HOmEOSIIISH Lz L 25,
FEFAG L SRM B O E S ARIEE E & - L, SRARPRELZERTELI L0 DD-o
oo F7o, R OEMERE, BRSE TUFEVEVSZEERETORmEOSTIIBH L &
25, RIFICERTE S 2 EW0roi,
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