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BEORALE (45/29) 13, —ERLREE MEFH
L LTSHRAERSFEH CRIEIh B, £ T, Lofk
2GR T AR L MBS b TN T RBEREC
TR L BENDS. “BEHEOREZ, —BCHiN
YT RCHEECEIE L8, © Thode B (= v{bK
HKRE-KE Y V- A X B KECETLL,
Bilbsi & LT ER L = BBEH T RET S5, @ MBS
ywakUTEINL, BEEEREFE FREZH 1400 °C
Db inz | CEHMIED, nEOEATEY CXvT
bhb. ZH5991, MR MRESRICETITLDH
EORMEFRERCE T, LROEBEMEAREL
XEA LI, ThHoHFER, Wind BIEREMET
EREEZEL .

AP Til, BB X5 KRARFORBEOERTH
WHhs B 2-2) 3 v=rT7vE=TY A [(PDA),-
SO, 2%, # 400 °C TEH L BRI E T %
SrY CEHL, ML LEBMLEEOMELRREY
BHL, SMPo Mo RfGFRERT ICH L.
X, REEMECAHEY e BCRLT 5100,
FYVFrI7AadrF LY (F7rv) HEHARRY
AVrBREY AL, ToBHEEFH L.

2 % B

2.1 B2 X
1,8-7 3 7+ 74%vy (DAN) @ HFER{LRI¥ES,

* BAEFHAEFLEHEIT 2y £ —  319-11 K
REBEBRESAFFER

—ERA R ) - ANITEP LS, KEMZCEERS
HETHBL L.

o7 vALEE BRIy R, ME 97%, AXI1K.

42 F -2 2 2 v (MIBK) : RICEN HIER
Q2+1) rHHBERIPCRIVEBEETCRBELE.

Bl 2-_Y 3 V=17 vE=Y A (PDA-Br) : Das-
gupta 55 OUFITH > THR L. HEOEKZUT
1A

DAN 7.2g ROV 7 VILEE 5.28 2 xhfhV
¥v 50ml ForEirlik. v7ViERFORVEY
BHEEZSKBART HH°C IZHRLTHE, PERE
it DAN v ¥V igkz L FoeB2mxk. B
SEBREPEKBIrOEIHMLEZECHWIBRREL TR
jSx+4, PDA-Br % 8~. zh% EREFK (No.
5A) #HVWTHEALLE, V¥V T2H, TV
T3 E¥EEL, BREL .

PDA-Brix, Y A ¥ AT — &% - ANGSKER
CHRETH L IEUEFERAT LB TES.

PDA-Br %% : IBE 3mg/ml #¥#. SEERN (W5°
C) THhHET?L I EAHNBEERATETH 5.

P EAE SR : iRy vV v A (Merck %, Suprapur)
& KiIZE» L, 830pgS/g OREICHABL .

AL J B : kE Oak Ridge National Labo-
ratory Rl 94%-%S BB A (BARE) 2 WHERe
ml, #EE 0.5ml RUOEE 0.3 ml [ZELiEMRL . K
EorVwa 120mg 2k, REEEL % BYEY
Ak 100ml CiFH» L7, ERAMBEEL MERE
wEwERE, RMEESR MS X vkELL. Tiab
b, AR 7 RUOHBEEBRKEThENRLR Y =F LV
AKX PEACTEA—ORRBECERTCREIVRVIES
L%, PDA-Br 5% iz, (PDA),SO, i LT
FRL7. Zhz2858 L, —RIELERCE L CRALK
ExRlEL .
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BE4AWE: M Varian Mat 8 CH7 #. 1 % v
Bk Cary #® 401 BUREBIAERSF (AHEHR 1x
10-1Q) THHEL, F+— L a—F—THEHL .
(PDA),SO, #hr AR ISE : k% Fig. 1 277,
FG% (RE 16mm, £X 230mm) T2 BHEA
KHTHY, FEFFAEZHAWTAY 1SS 2485
—RN= T a2V IMIERLIADTDD. KA EEY
7 ABLENE (UL 15mm, EX Omm) % pHNIICH
AT 5.

FORrYVREBHAMRAESR - Tey TES, KE 100
ml OF 72 vENFBROEATF VL ARBNABTE LD
K5,

i

\

Fig. 1 Reaction tube for thermal decomposition
of 2-perimidinylammonium sulfate

1 : (PDA)2SO4 precipitate, 2 : borosilicate
glass tube, 3 : stopcock, 4 : furnace, 5 :tem-
perature controller
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ABOBEMH  F 0.5~1g %7 7 v v HABCIERHE
CROVED. AN 7BEBREYEMLICE, 77 e vHo
Sl L, BRIELEFFATAADA ST 2 7 -
AR, ASq 7 ERKMEEESET S S hicHEE 10ml &
CER 2ml & iz ot BAEE e L, 170°
C ofEREEBFNC | ZKREKE L T ke B +5.
BomtR, BRBRERE € — 7 - (200ml) L, MEWK
(¥ 180 °C) ECHARBEETS. BEYYER 8ml T
BRLUCE, BORRLETS. CoOBRFYEERH K
Lictk, BRBYWEYIER (2+1) 10ml CHFHET5.

e EobRE  ABBRLER (2+]1) Sml THRER
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3} (100ml) B LARS. Zhic MIBK 20ml % jn
z, 15HRVBEETHETS. 2BCOBELCE, T
BoOKEEHOHEE (100ml) B LIRS, ol
FHEHEIB TS KBED A>T\ 5 SRR MI-
BK 15ml %jnz, RRCAEL -8, K2 -5 —
B LS. BoBREIIB Ch. ARBRY ik
(#7 100 °C) |-CZAREE LK, BE®EZK lml
Wit

(PDA)SO, WBEDER, nREEROBGE : AREER
K 2ml TEEBECBELANLS. Zhic PDA-Br &
Baxnz, ¥ 30 SRFRETS. AR L7 (PDA)SO,
VeBRE 5|04 HiEY: (4000rpm, 5 43f) i X b HrHET 5 .
EBKIXETSH. K 10ml g\ ~T=%/ —4 10ml %
Mo THRICGEODEEY B D R UK, £ 70 °C ol
BT S U ERE S e RE (Fig 1) iF
AL, BZEECHD {7, 250 °C whin#hleh b 30
AR A AT 5. RIGED =2, 7%, 450°C 25
sriEmEL T, (PDA)SO, #8,HMRL, —BLiiEY
B%. RIEBXF0xE MS AR E LTHV5.
RO FAARLLRIE : BESHEFHC L ZBLRED
DFAAE—s (m/z64~66) DR L 6 RIS E
L, 1A VENL {(m/2 66)/(m/z 64)} %R, B
FEORME (1B0/1%0=0.00204) DFFIEH 1TV, 4S/%S
HxHB5.

4 FERROFEL

4.1 (PDA),SO, DM

(PDA)SO, o> 24t B % BEBWELE KU DTA
X hE#~7z. (PDA)SO, o#yf#i, He FEKT,
2EBRECET L. B RRERoBg®TER, 38% oH

BENRAD, ZhieHYT5%#C— 250 402°C
ZEINh?. MSwlb, ZoBHMRTRETZSER

{EEWIKEOC B EL KB D —BLREKRD
FALA NV R=THDLZ EXHBALA. &2 TKDOLHF
14 v -7 (m/z 18) HIIZBMLEEOLh (m/z
64) OM2fETH o1 X, BILHIAL A=A Doy T A+
vE—27 (m/z 60) HmIFZ_MILBEEDOHN 1.5% THh
oie. AL ZBEHREO EEEEND, (PDA),-
SO, FOFEEL, ZDOH 1 BEHOBS B TIIZTERR
oL ECBILIND Z &390 1. H2EBpEH
DOBGRL, £ 555 °C nbifE A, T TRETEEK
HRRILEWL, FTvEe=7, vT7 VLKEROKAE
VBB EOHRE AR EThY, ZRIEBEERO N
IO RECHFOHEE LY~ 7IIBRHE I hith ok
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4.2 (PDA),SO, O #3HEEFMD B R LIk LENTE
BHCEZSER

KRB DT AT 7 FEBE» S fFotc (PDA),-
SO, # R hcHZE T RIGRE (400~450 °C) X
EEUGRERE (3~30 4y) A THOML, AR LI
LB E O R RIE {(m/z 66) /(m/z 64)} OFH
WERENL. TORER, (PDA)SO, o2/ fHRECEs
A RERRY 10 U EERL LA, RAFL
PIEERREL EOOXFHENEL D 2 A HBL
fo. TOBAEIE, F—FARbEA O BB A
WM EBEDE DV ELEEDL 1~4% LB TE
g ote. n¥s, ALk 1 ERHE (6EOEYELE
#) OEERWTh HANBEEREET 0.1~0.2% TH
v, BEMGHCEA L RO NERICE T 5 HHEFA
O EENTI R b D EEL bhb. By RO RIGKH
M EFe i +5 &, “RLREDO LRI BIRIC B
L, AfAELRRE HEE R5BEND . ZORRE
YERPALCREE, BOMC X ) RET B KE B
AR TRTIOSCHERBEERL, T hARGERE
DERBCA BT BIDTHDZ Lol

H20+ Soz e H2S03 ........................ ( l )

RIS AtE Ui MR, BEx KTHiE L T [
%, EbkFEK | % nx T HREBCBEL, BT
(PDA),SO, ik : LCERTHZ EMNTES.
BOREERERY 10 AR Thil, HRBO%
X EAELEBETHZ ENTE, BB LS
Bi-FNELIEDORE Y BUKED 0.3% (HXERER
2) IRz b2 ENTRETH - 1.

403 234 o DRGIEHLRERFRBERIE
(PDA),SO, @ kB4R b B #R E TOLFERIFE
bRt HREOBRML A 72 VT, LD
BREYE2 THEN L. f#R% Table 1 s, =
| BEBREORBBRFY S UM LMEDR h R UK
11, AL 7 HREBED 2818 OBE YR HNERERZE

Table 1 Repeatability of isotope ratio measure-

ments for 3S spiked sample

TR, KA : (PDA)SO, oy BzFIAT 2 RMARRARINBEC L 2HEOER T79

T 0.3% DRTH%. HEEN 28vg OF/AER
EOAXL RBHERE, WEC A2 Rkto iy
Bigatosd, MS i 1/17 o 28 & X % “RILRE
(m/z 64) DA+ v EBEHKATHT, co—70D §/N
NE(T B THS. Table 1 THREENDILVBE
@, R (348/328) AUPEL B AR H DD, &
hut, AR 2 RARFOHTRCER TS
DrEZ bR, AAEFREOREAVCTHETS LM
50 ng OFRFECHLT 5.

Table 2 1&, A1 7 BROBERIEERETT. &
DR UBE AN ERERZET 0.15% THD. AA7
OBREREIAKABFOHBORMEFREETDH 5.
P - T, AEZKRROWHERRE O MWE) OIERELR
FHEELTHWSZ ENARETHS.

Table 2 Calibration of 34S spike

Spike  Standard sulfur 34S/32S Concentration of
solution solution taken®) in the S determined in
taken/g g mixture the spike/pg g~}

2.0088 1.0238 0.6455 280.7

1.4105 0.8417 0.5785 281.5

1.3043 0.8141 0.5393 281.2

1.0315 0.8697 0.4125 280.6

Mean 281.0+0.4

a) Concentration of S in the standard solution is 829.2
pe/e. )

4.4 BEEANOHHA

(PDA),SO, WEDARIL, oA 4 v OLiEYR
HEBRSZFT WD, L L, SRR ERA L
B4, PDA-Br sz Td (PDA)SO, W04
AT bivie s oo, EEFRBBRCE, R~
THBEOKE - B A 4 v FEL, ThiBOAR
PETLLDEELDRSL. COHEBRSUL, HOh
Lo MIBK T= 1V, 72 A0@EYRETELY C Lk X
DEFCZ EMTEDLZ LB Th o,

Aphd BRSSO FRTE B H A g MEEER RN H
FiL7-. Table 3 KR4 RT. BohiHR,

Table 3 Sulfur concentration in JSS steel
standard samples

Spike sulfur taken/pgS 845/828 s n
28 16.62+0.22 3 Standard Result/pgS g1
56 16.93+0.03 3 Sample vi}lue,
140 17.10+0.05 3 %S mean s e
280 17.21+0.04 5 240-8 0.0060 56.2 1.4 8
ORNL2) 17.06 241-6 0.019 185.9 0.8 5
244-3 0.0014 13.9 0.7 7

a) Value obtained at Oak Ridge National Laboratory
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fEE BLW—FERLT\W5. 7%, Table 3 1o JSS
240-8 RV 244-3 o 2RFIToOWTIL, REOBEY
BABGR (€= —rh) Tfi-TEALhLERL, 7o r
VHEHAAEBRPCHEBLEOhKERLOMCEEE
BREDBhich oD T, FHEOHECEDT-.

45 [EITHEENOHEA

KE T OSMBRNL, R OBHL ZHR e & OBREH]
HETHR L EREYBWTT2E, a6T5HEYE
EMCHBCRT 52 L23TE 529, Lil, B0
ey, BfE ©— 7 — I COBIRRTIT 5 R Bt
I Ty, ABPcagFh s —EHE0MEN
K[ELEWE L CEHROABEREYHCED, B
EREY 52 HBRRFERNS B0, ZD X 5hR
BHCR LTk, 77 AREEREI B THEYT, 88
TLHREY ELC BT BT LR TEH 012,
LoL, 75 AHEER, BIEVRETHY, et
bEBRTLILENRDS. R OBRYBBRTIT - 148
BBV EREDR bh 558k ¥t NBS SRM 362
(EAEM) wABR T v 77 » vEIBHARS TS
RELY B L. B 0hickRix 353+:1.3v85/g (S
IHDYIHE) T, 7 AEBEHEOER 358+1.018S/
g K 1.4% BERXRLIC. COROEHSE,
LHESHEROK 10% (3618S/g) 2%, BMAMEFR
CREEEHE L TRHET 219, BRC Y 5 AR EEY
WA, Lok AREBPRCKE SR IRELS
WHEiR - BET TREBERCRINE h, BB
h3EE2bR5H, TORN, B xRRHY HE
LT A, Zokd, 77 e VvEBHAREY BB
ik, ABOBE L RRCASTICEE S hic SEmR
fbEHo—is, ARBRC RIS T R BE S
h, AR 7 LMK RMERZBRTPERIGE 23§
2, 77 e vEARBENTCEEL Thbh, HTE
EEBEEX G250 LEZbRA. LavL, BIERTE
RUCEBACABHREAD L LB ARHOmE (&
KEHEDOWH 6% 1 2018S/g) 1, HBCBLINER
EhTwsrdostBbhb.

77 v v REHAREY AV 2 REEMER, R0 X
5 BRI AT H LT, ¥ 5 AHBECEET T
sy, (1) BREFLEMIcTE S, 2 TEHRY
BWLBERTED, (3) BFic L OBHLHIINT 5 HE
Mg, REORMEAL, MEEREDDOEMIAR
DOFEFRELE L THRATHHEELDRS.
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AS

Determination of sulfur by thermal decom-
position of 2-perimidinylammonium sulfate/
isotope dilution mass spectrometry. Kazuo
WaraNaBe and Misao Oucur (Analytical Chemistry
Laboratory, Japan Atomic Energy Research Institute,
Tokai-mura, Naka-gun, Ibaraki 319-11)

Simple procedure for the preparation of sulfur dioxide
from sulfate was developed and applied to the
determination of sulfur in steels by isotope dilution
mass spectrometry. Sulfur in sulfate was recovered as
2-perimidinylammonium sulfate. The recovered pre-
cipitate was thermally decomposed by heating under
vacuum at 450 °C for 5 min to yield sulfur dioxide
which was used for subsequent mass spectrometric
isotope analysis. Steel samples were dissolved in a
sealed polytetrafluoroethylene vessel to convert all
sulfur into sulfate using nitric and hydrochloric acids.
Iron was removed by extraction with 4-methyl-2-
pentanone prior to precipitation of the sulfate. The
results on JSS standard samples were in good agreement
with the standard values. The relative standard de-
viation was less than 59, for sulfur contents in the
range of 0.0014~0.0199,.

(Received March 7, 1987)
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mass spectrometric isotope dilution analysis of sulfur;
thermal decomposition of 2-perimidinylammonium
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