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DETERMINATION OF TRACE ELEMENTS IN GASOLINE
BY X-RAY FLUORESCENCE SPECTROMETRY
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Abstract: The method for determination of trace elements, namely phosphorus, sulfur, manganese,
iron and lead, in gasoline by wavelength dispersive X-ray fluorescence spectrometer was developed.
By using internal analysis method with zirconium, cobalt, bismuth as the internal standard of
phosphorus and sulfur, manganese and iron, lead respectively, the matrix effects of various types of
gasoline could be corrected, and the influence of sample support film sagging on the determination
could also be eliminated. Based on the single element determination, a simultaneous multi-element
determination method was established, by which with an appropriate measurement sequence of the
five elements the trouble caused by trace element adsorption on sample support film could be
reduced or avoided. The stabilization of cobalt internal solution was studied and one stabilizer
solution was found, which could stabilize the cobalt internal solution more than six months. The
detection limit (LLD) of this method was between 0.8 and 4 pg/g, and the relative standard
deviation (n=7) was less than 1. 5%. The results obtained from this method were in satisfactory
agreement with those obtained from wet chemical analysis method.
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Table 1 Measuring conditions of trace elements in gasoline by wavelength dispersive X-ray fluorescence spectroscopy

Element Line U/kV I/mA Collimator/ (") Crystal Detector Time/s Measurement sequence
P Key 30 100 0. 46 Ge FC 30 2
S Key 30 100 0.46 Ge FC 30 1
Mn Key 50 60 0.15 LiF200 FC 30 4
Fe Ka, 50 60 0.15 LiF200 FC+SC 30 5
Co Key 50 60 0.15 LiF200 FC+SC 30 6
Zr Lay 30 100 0. 46 Ge FC 30 3
Pb La; 60 50 0.15 LiF200 FC+SC 30 8
Bi Lay 60 50 0.15 LiF200 FCH-SC 30 7
L2 1.2.2 FBEA
1.2.1 Fr¥EY RS DAKE K A s b W R, H S IRE K

P. Mn. Co., Fe, Zr, Pb. Bi {R#EBH RN E
[ Analytical Services 24 & fh, SARMEVAWCNEE
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Table 2 Name of standard solutions and content of standard

substances for trace element determination of gasoline

Element Name w/ %
P ORGM-P 0.5
Mn ORGM-Mn 0.5
Co ORGM-Co 0.5
Pb ORGM-Pb 0.5

S SDF-50X-4 0.5

Fe ORGM-Fe 0.5
Zr LLOMSZR5. 0 5.0

Bi BIIS 0.793(g/D

INF 1 pg/gy & X BHERTOUIR AR SRS T
BEHRMITE.
1.2.3 REN
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Table 3 Content range and standard deviation of calibration

curves for determination of trace elements in gasoline

Range of w/ Standard deviation/
Element
(pg-g~bH (pg-g ™1

2.5—100 0.5
S 5.0—500 2.1
Mn 2.5—100 0.3
Fe 2.5—100 0.3
Pb 2.5—100 0.5
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Table 4 The content of trace elements in gasoline
containing ethanol determined uncorrected

and corrected by internal standard method

w/(pg-g )
Element
Actual value Uncorrected Corrected
P 49,9 45,1 48,7
S 173.0 -~ 162.0 175.0
Mn 22,5 19.6 23.0
Fe 81,2 68, 4 81,1
Pb 79.0 70.2 79.3
2.2.1 BEFEMNPREEIRIE
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Broken line show
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X-ray tube Effective ray
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Fig.1 Influences of the sample support film sagging

on fluorescence intensity
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Table 5 Influences of the sample support film sagging

on the contents of S and Co in gasoline

Degree of sagging w(S)/(pg-g 1) w(Co)/(ug.-g ~1)

Normal 404 105
Sagging 1.5 mm 397 107
Sagging 3.0 mm 396 112

2.2.2 JEERMHAER
TOLERERT R XBEETREW, BRE R
X g8 T R B R BV B R e, BB R & W R B
YERFERE4, U —B R EEEd HF o R W E K
FERTUM . KR SR A T R E S W& 3 W,
[]f% 10 min, HHEEEREMT] TR 6. TLFE
HEW T RFMAARTTRAHEUBZELE, AN
HHWITRS R, BUTRIANG TR X HEK
IR EEARK, LRI 30 B X HRFOtE
BT EMIRZE; R, ASEERR P& ME
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JRE R BiR2E . FTUBE i E XS E TR
BIFFKKA S, Py Zr, Mn, Fe, Co. Bi, Pb,
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Table 6 Change of fluorescence intensity(I) of trace
elements continuous determined by wavelength

dispersive X-ray fluorescence spectroscopy

I/keps?

w/ Rate of
Element First Second Third
(pg- gD change®
time time time
54.4 0. 406 0.428 0. 440 1. 054
S 59.2 0.342 0. 364 0. 380 1. 064
Mn 32.3 0.722 0. 808 0. 846 1.119
Fe 8.2 0.948 0. 962 0.964 1. 015
Pb 15.7 1.010 0. 980 0. 940 0. 970
Co 42.0 3. 140 3.190 3. 240 1.016
Zr 833.0 2.420 2. 500 2.590 1.033
Bi 42.0 6. 750 6.590 6. 500 0.976

1) Thousand counts per second; 2) Second intensity/First

intensity.
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Fig.2 Stability of the Co standard solutions with
different stabilizer added
(1) No stabilizer; (2) 3-Dimethylamino-1-propylamine;
(3) Linolic acid; (4) 2-Ethylhexanoic
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Table 7 The determination precision of wavelength dispersive X-ray fluorescence spectroscopy for trace elements in gasoline

w/(pg. g™

Element RSDV /%
1th 2th 3th 4th 5th 6th 7th Average
P 52.0 51.0 52.1 51.7 52.6 53.0 51.7 52.0 1.3
S 102. 6 103.4 101.0 104.5 103. 6 102. 4 102. 0 102. 8 1.1
Mn 14. 6 14.9 14.9 15.2 14.9 14.9 15.0 14.9 1.2
Fe 10.0 10. 0 9.8 10.0 10.1 10.1 10.2 10.0 1.2
Pb 50.0 50. 8 50.8 51.0 50.4 51.3 51.5 50. 8 1.0

1) Relative standard deviation

2.6 3ttLXE

PR BRI AR AT TR K R, Hop
B2 ANBEAEHALAET R, G2 REER
WRE S, 545 J7 B M X H G AR o O vk DL ST
St RS F R 8, B&k 8 WH, A4 77 K HE
Btk T LA R I R T R T E SR
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Table 8 Comparison of the results determined

by two different methods

w/(pg-g ")
Sample Method?’
S Mn Fe Pb
” 1 <(0.27 331 15.9 6.4 <3.5
2 <1.5 336 16.5 7.5 <0, 8
o4 1 <0.27 261 22,7 9.3 <3.5
2 <1.5 255 24. 8 8.0 <(0.8
070125 1 2.8 250 <C0.35 <{3.5 <3.5
(90# gasoline) 2 2.3 254 <{1,0 <{1.0 <C0.8
G805 1 2.3 289 <C0.35 <{3.5 <I3.5
(937 gasoline) 2 2.4 298 <C1.0 <C1.0 <C0.8

1) 1—Standard test method!!=5]; 2—Wavelength dispersive

X-ray fluorescence spectroscopy
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