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Table 1 Operating conditions

B~ OEERNTIZD F h#EIh T gL,

LA L, BEGoNERRC KT 5 RESEE, BKo
HREBYERBERENTORBESBE D2 T5 2
T AR B E T, HMPoMETEY REOEE
BCERETHLERD Y, R FBRBREFRKE LT
ICP TERTZIE, SMFclits R cieR
THHERL L, FECFHEELORS.

FEEDLIX, THROBITRE ICP BEoHEELY AW
THAR O RGEERN LR, B, AFARRD
FREERMPORETCHE Y HBENAE S CERTE DT
HET5.
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o mg IR T3 ABRTT ¢ #2014 R W AT
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Forward power
Reflected power
Coolant gas
Plasma gas
Carrier gas
Solution uptake
Viewing point
Integration time
Analytical lines (nm)
Al(D) 308.2
Fe(II) 259.9
Pb(II)  220.4

2.0kwW

<5W

Ar 191 min-?

Ar 1.51 min-1

Ar 0.8 1 min-!

1.1g min-1

15mm above work coil
10s

267.7 Cu(I) 324.8
231.6 P 213.6
310.2

7£3, Fig. 1 cB LARBHEARLRT. B,

(1) WmABFOMARE SR TCIS 7R
7R =754 —OfL 2 d, S5 AEME
DOEHARIEH 0.3mm & U,FABREAF . — 7 DK
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Nebulization system and plasma torch

(1) Work coil;  (2) Quartz-tube; (3) Cross-flow
nebulizer; (4) Spray chamber; (5) Capillary tube;
(6) Filter; (7) Sample
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Fig. 1

(2) HABRBROBARZBRCTBIED, *774
¥ DRBUEREL Y1 7 » VHEEEXTCERAEZ L
L, ¥7AEXEAELTCWBHEEROHILLEE, Fic
*7 54— RRCARBRIEE L TAHR L= — A
FMEENHBDREF DI F v VA LRI CEF
&, Vv vELRIHCERD .

2.2 e, REKEEORAN

WRABFOEXE LTEBETROERCAV 2 BRERRA
¥HI & TR BA Shii# (Conostan, NSL,
Jarrell-Ash) o #4-ic HBH BEAT /s st 0 R FRED T
FARFRAK (Eastman Kodak, F{{LFEBFFERT RO
FHMETE) PHE IR T3, BREOHBIAFTEDHE
#F p-Fo vy, 2-=FA~Fy VBRI YY) THMEL,
ChiCcHEFEEAE L<Eml 600 = -1t 5 1) 2R
FIAKKEE X AISCes XI5 immlicd ok MIBK
TERCHFR LA (FRIFXG 10 £L1L10).
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B &, RMAIMARTH — R VENMLFEL, BELHME
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BRBOBE LD 2~4)1 min' HMTHO023HEL L
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VD HEL bhBH, AERTIBEHEOHLEHIKE
\ MIBK % fi\v e, REOFERRL, SELRELE
BRA, BREERRLOBEO—FEERL TEDIE
W, BERED X b, Fbbr 10 fFERT 5 LERE
OYEEEIVNI L e h, BEMECRETEEL PSS
fob o LR INTWS., Table2 RO SMAE
AR EME ML TRAM LI b0 10 FFRL
7RI LT, £HK (10pg ml-t) DN REIEHE
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fod OF V.
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Table 2 Relative intensities for various standard
reference samples

Element?> Conostan® NSLP -}\Tg:,l Kodak®> Dojin®> Wako®

Al 1.00 1.02 1.05 0.989 — —
Cr 1.00 1.07 1.07 1.07 — —
Cu 1.00 0.991 1.21 1.00 — —
Fe 1.00 1.03 1.05 1.03 — —
Ni 1.00 1.05 1.07 —_— 1.07 —
P 1.00 — —_ —_ — 0.974
Pb 1.00 0.945 — 1.00 — —
Si 1.00 1.02 — 1.00 — —
\'% 1.00 1.06 0.97 1.00 1.00 —

a) Concentration : 10pg ml-1; b) Ten-fold dilution with MIBK;
¢) Dissolved in MIBK containing 10 w/v % basc oil
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KIEL T LR, 7r3i=v a4 0.02pg g-1, 7
ea 0.05ug g-1, ¢ 0.05pg g-!, £k 0.05pg g1,
=y &N 0.06pg g-1, ¢ 0.0lpg g-! LIF, #»13E
0.06pg g-1, X3+ s 0.16pg g7 ! THoto.

2.4 WHTIT

B LIeOWEHT, FlESH»OHRIhTH5E
M=y r sy, SFrOT AGEERRY SN LICERY
10 [k 28 E & dic Table3 xRd. =
o, NFUYALIHEREEL LB LE. 2AMD
K, S264 At 66.1cSt (50°C), S265 % 713.4
cSt(50 °C) T, p7ph K ¥V, I0fEFR T L ERMAE
TR EAEER UL, BHRDAOWMRAB OREZET,
RN VDT, —EREOERK TERTH Z &N
RE L B 5.

Table 3 Analytical results for standard

heavy oils
Element S 264% (ug g-1) S 265D (ug g-1)
Ni  certitied 2.6+0.2 25+1
found®’ 2.840.2 2611
v certified 8.840.5 7942
found 8.940.4 8041

a) JPI, Lot No. 79ML00I; b) JPI, Lot No. 79MHO001; c) Ten
determinations

2:5 KRB
HRABRMPDY v & r A BOHPkERE% Table 4
R HBREDOY VI3 50 £, KBEOY VRO A
RS FEHEBEB/R Lo L. U vionwT
X, AL HR-ERC L B8R ®E, =) ST v
—BAXEECIAPEELT -7, BRED Y v TIIH

RS, fRE, NHE, EF, N, RE:ICP BXoEclsmhoMBErRoER
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Table 4 Determination of phosphorus and silicon
in edible oil (pg g-1)

Sample I’ Sample IIP Sample III®!
Element
ICp C.Ad  ICP C. A. I1cp C. A.
P 656 649 0.62 — 0.97 —
. Si 1.61 — 0.52 — 0.36 —

a) Mixture of corn and sesame oils; b) Mixture of soybean and
rapeseed oils; ¢) Sesame o0il; d) Molybdenum blue spectro-
photometry after conventional chemical digestion

FEC I BHHEEIB L —& L0, BREDOY VO
A1, AP EEh VIR XY DBV ICRE
PHEDOBABDOER S NI ENHIEL, HELEHTH-
fc.

AR E S BAMOEEFTECIRILEILVWITRTS
BH, REROBR LS LESPIE TR, B X
5 kEIBELREARRDI-DE, BERBEVSAVTHHTE
Tedotz. ZhicxL ICP 3@tk & b HEMHEE
BRETCERL >30T, BEOPEEL LTEDTHY
tEZLRA.

2.6 FEHERKNFOERESEOER

FHEEmFOERESBOTERIIBRONKERE Y2
Wrd%5 2 CEEBELY, €3RI EEREERYH
Wi A — 7 BHE: (RES) ROEHBEBEEFNC X 5K
FREENBRAIh T3,

L LieibHGEE S APRBER LRV EREED
PN D30T, 46 ICP = X 3 &% HEEmP O
BRESBOTEEY KR L. Tabled gk, ARV 7 1
FHOSPERCOWT, Rty MIBK 10 5 R X %
FEFRKE, HFRx LOERGERERVERKLEIER

Table 5 Analytical results for wear metals in used lubricating oils

Sample III®

Sample IVe)

Analytical Sample I Sample II® Sample VD
Element
thods? -1 -1 _1
me bee™d 88D Ggg) (RSD, %)  Geeg)  (RSD, %) 48 871
MIBK-ICP 69 6 34 1.3 218 (2.8) 67
Fe MIBK-AA 57 6 27 (6.3) 53 3.7 46
RES 66 6 29 (5.2) 265 (4.0) 61
\ Aq.-ICP 72 7 35 (1.2) 489 (2.3) 103
( MIBK-ICP 3 3 17 0.4) 16 (1.3) 60
Cu MIBK-AA 1 3 16 (1.8) 12 (3.6) 60
RES 4 4 18 (8.1) 12 (3.6) 55
Aq.-ICP 3 3 18 (0.6) 15 (2.9) 58
( MIBK-ICP 10 2 7 (3.4) 19 (2.6) 9
Si MIBK-AA 6 1 3 (9.6) 15 (3.9) 8
RES 7 0 3 (3.6) 13 (6.5) 7
Aq.-ICP 9 1 7 (1.2) 20 2.2) 10

a) MIBK-ICP : Diluted with MIBK and measured by ICP emission spectrometry, MIBK-AA : diluted with MIBK and measured by
atomic absorption spectrometry, RES : directly measured by rotating electrode spark emission spectrometry, Aq.-ICP : dissolved in HCI

after dry-ashing and measured by ICP emission spectrometry;
Sample II : Hydlaulic system oil (Viscosity : 32 ¢St at 40°QC);
40°C);

b) Sample I: Engine system oil (Viscosity : 100¢St at 40°C);
d) Sample III : Automatic transmission system oil (Viscosity : 38 cSt at
€) Sample IV : Axle system oil containing comparatively gross particles of wear metals (Viscosity : 198 cSt at 40 °C);

c)
)

Sample V : Axle system oil containing comparatively minute particles of wear metals (Viscosity : 190 ¢St at 40 °C)
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M LT ICP HffLicborolkicrmd. X, R
E e 2 AR OV TRV B LAWBE LR T

KALMBE Y i LB E& OaiErEECE L 5 L, &
K IV RO V(7 72 2 %bfim) 2ERCT, ICP R LS
HPHEN R D B —K LT3, EFREECISZHR
HEIEFAELAR T L Bbh, BREIR IRV, X
EEEE Y AV RESHTEE, EKR»LEHIR T
% X5 BECS L.

L Eo X 3 w\EmSH L g, ERERmOSBSEY,
FRUC X 5 ICP A¥aMiifEie 5 X WS, [EREDR
7Rtk

7 7 ANRFEIMOERREDO X 57 4 M2 — Bl
Wiel, BERACHAKRTFE2EEFATVS. &5
pIAEE, 0 X5 RkRo AR TR LT (1)
T Ly, (2) MBLTL 7S X<REBAIRIRL,
3) BAZIhTY, 75 A<@ATsrEEAL £8
NETFEIhACHSe=3AF N Ebbitv, &
OEE»LEIRERILEVGEHESh S, 2O LR
T %1%, Tables THAER X HFDOEIRKRICEDD -
73k IV &V onwTE & 5 HYORES %R
#-f5E% Table 6 wiR3. FHERHIZEOERKOE
otBEE IV X 13um L EORFNRELSFENRTE
b, AV ZxhUTFoRFLrathTninie
DB LI, Z0Z Ehb, AETERANFORTER
2% 10pm P B e s & EUREA BT 5 &2 b, [E
EEBET 0 X hEe LT ICP Xy &4k
BUCERRAEB S 50 60 % BEWCT XL,

Table 6 Size distribution of coexisting particles
in Axle system oil (The number g-1)

Sample Particle diameter (pm)
1.7~3.3 3.3~6.7 6.7~13.3 13.3~33.3 >33.3
v 3925900 926042 104342 26085 0
v 456500 730040 27390 0 0

RESPREECOWTHRS LRBFORTE, 29T
Kb 6T, ARRZEEERE, RFREEXIRS
NELDOSBUWAIEEXELTE Y, BRAEOIERE
REEOZHDOIDIELBEORY BEETHHEIZT
Sl L vz B,

4 &

WY MIBK T#RUCE, BTHRE ICP
RESPREL AT, BETRYEHEEET 2HEY
BESL Lo, AiaEd, RAMROEHBEEMCERL
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Determination of trace elements in oils by
inductively coupled plasma emission spectrome-
try. Kikuji Fupmatsu, Takeshi Iino*, Hiroshi
UcHipa, Kiyoshi Iwasaki, Tamizo KOGANE** and
Yoichi Matano*** (*Toyo Umpanki Co. Ltd., 3,
Ryugasaki-shi, Ibaragi; **Industrial Research In-
stitute of Kanagawa Prefecture, 3173, Showa-machi,
Kanazawa-ku, Yokohama-shi, Kanagawa; ***Nippon
Jarrell-Ash Co. Ltd., 28, Shimotoba-Jyoshungamae-
cho, Fushimi-ku, Kyoto-shi, Kyoto)

Rapid determination of trace elements in various
types of oils diluted with an organic solvent is
investigated by inductively coupled plasma emission
spectrometry. The sample introduction system of the
conventional typical torch was modified, and the
optimum operating conditions for the introduction of
the diluted oil samples were obtained. Either com-
mercially available blended standard oils diluted with
MIBK or organometallic reagents dissolved in MIBK
containing the matrix oil could be used as the
standard for the calibration. Nickel and vanadium
in standard heavy oils were determined after 10-fold
dilution with MIBK, and the results were in good
agreement with the certified values. Trace phosphorus
and silicon in edible oils could also be determined.
The effect of sample viscosity on introduction rate
into the plasma was negligible in this method.
Although, the complete recovery of the elements was
not obtained for lubricating oils containing gross
particulates of wear metals, the precision was fairly
better than that obtained in atomic absorption or
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rotating electrode spark emission spectrometry. Thus, Keyword phrases
the proposed method is effective for the check of the
concentration change of the specified element in used

lubricating oils.

determination of trace elements in oils; inductively
coupled plasma; emission spectrometry.
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BRAEOBAIEETCIREEHNCHLE=FIET AF 4 (LT DMTS L) OXRK[PEHRE ST R 7
R VS 7AW EERTLE. KREARBREBEEHETA T VERV S EIREHEE (UTEREERLEBE) &
Tenax-GC AV 2B ERERGEE CITERELET) owThr»oFETEREINS. BREARIZ
BEF VY-V ROFLhOHCHIBEL TRERERRHUE (LLTF FPD i) & FRIr< b S/
STCHEALYK Lic. 28» 54 {25% 1,2,3-tris-2-cyanoethoxy propane (TCEP) on Shimalite,
AW, DMCS, 60/80 %5 &=, 3mx3mm i.d.,, #5AM} X 70°C, EE* + U ¥ — ¥ A& 50
ml/min CHEELE. TOME, ZTEHRICI2®VELEERE KRR 12.0%, ®iEE 6.0%
ThHy, BEETIEHH 4001 CRABORESTET, 88 FRHETCRERIBOERIRE» k. W

BiEE L LRHRR 1 0.5ng ¢, HBE 11 Cixiy 0.1ppb TH b,

D OSF R 80 Td 5 k.

ABBREEzET I RABY .

R, EEZZ, ZOEEOBERERAZ O DMTS o4 iIZGHA L &.
Table 1 Odor recognition threshold concentrations

U =

B, BAECRRERNESRS (BSTFE) 048D
BECAYNERBILEY X 0 A BEOH BN
HWBIEW T8RS ThTwb. HERELHAB/ED
Xy ) HEINE L OBBRYRDLERERNLD, ZhbD
X9 5 ERANXHEIL Table l KR LIcX 5 A F 2
BT EVRBNTCHHZ ENHLARINTVBY,

—7, BAETIE REHTH BN Table 1 WiRLA
o3&y 5 BERAVCEHOBEVW-ERILYOFEET S
ENBRCEEIRTWAY, hbofEii =ik »F
v (BT DMDS LrggD), BRIEASR, $fby 2+ X
DHEL, BEAFAALD T2 VICHYTIBE LN
AMTCHD, MDTEETHELEELZLRS. 1L, &
NEOTEERRLEE, LOREBAKELLEY (SHiMt
Yrat) CHTBEIBD TP, ThHOER
BEREAERETHS.

* BMRAEHEE LY 4 - BHRAEEHILK T
W 7-6

il

(in ppb) of six sulfur compounds

2 o

Hydrogen sulfide 6.0 4.5
Methyl mercaptan 0.7 0.99
Dimethyl sulfide 2.0 2.5
Dimethyl disulfide (DMDS) 2.8, 4.6 7.6
Dimethyl trisulfide (DMTS) 1.4
Diethyl trisulfide (DETS) 0.85

BREEELIX, BRFO4HELE L OBRRREFIC
BWTA—F VSR L TV 5 LEFRENEL, BRE
ez Ahkid—A F ¥— 7 OFERE L 5HRELEDD
FEX LI LERR L. Tibd, TCEP 3354k
FPD Z B\ o HRiEY TOAM—FV i REWT,
DMDS o#EE% 1.00 & UiHE ol AR
4.2~4.8 tHBT A -7 TH 5.

Groenen 5937 0D 37 OFEELEHOL
#% TCEP » 5 4 (25 %TCEP on Chromosorb W-
AW, 60/80 % o ¥ o, 5.5mx3mmi. d., 5 A¥, &
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