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Lubricants — Elemental analysis of
lubricant and additive components —
barium, calcium, phosphorus, sulfur, and
zinc by wavelength-Dispersive x-Ray
fluorescence spectroscopy
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1- International Organization for Standardization

2 - International Electrotechnical Commission

3- International Organization of Legal Metrology (Organisation Internationale de Metrologie Legale)
4 - Contact point

5 - Codex Alimentarius Commission
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ASTM D4927:2010, Standard Test Methods for Elemental Analysis of Lubricant and Additive
Components— Barium, Calcium, Phosphorus, Sulfur, and Zinc by Wavelength-Dispersive X- ay
Fluorescence Spectroscopy
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1 - Regression analysis
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Internal Standard: Barium

X
0.038120

X~ DA W

©

r
0.0010
0.0321
0.0670
0.1028
0.1395
0.1767
0.2143
0.2524
0.2907
0.3111

R
0.0022
0.0711
0.1480
0.2274
0.3084
0.3906
04738
0.5579
0.6426
0.6878

Precision

0.80
0.60
0.40
0.20
0.00

R—

P zZaanil
01234567889
X

——

Internal Standard: Calcium

X
0.10222
0.2

0.3

04

0.5

06

07

0.8

0.9
0.97734

.
0.0041

0.0067
0.0092
0.0114
0.0135
0.0155
0.0174
0.0193
0.0211

0.0225

R
0.0138
0.0228
0.0311
0.0387
0.0460
0.0528
0.0595
0.0659
0.0721
0.0768

Precision

0.10

0.05

0.00

Caleium

"

---m--R

——T

. 0.0 0 0
2 4 8

0 0
0 ©

1.
0

Internal Standard:
Phosphorus

X
0.012227
0.1

02

03

04

05
0.55752

r
0.0015
0.0072
0.0122
0.0163
0.0205
0.0243
0.0264

0.0028
0.0137
0.0231
0.0314
0.0380
0.0462
0.0501

Precision

0.06

Phosphorus

0.04 4
0.02 4
0.00

mn
e

R
-
B !. —

C.
0

0. 0. 0. 0. 0. 0
1 2 3 4 5 86
X

—_——T |
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. Momatica_l 'Cdmclion: Barium

VY

Barium X i R
1.50 — - 0.03828 00008  0.0061
£ | 1 00203 0.1593
s 00 .,-"h l...m--R 2 00406 03186
g 050 —wr A 3 00608 04779
0.00 - Fo=0-0—0—00—2 | 4 00811 06372
0123456788 5 01014 07965
6 01217 09558
X 7 01420 11151
8.3142  0.1686  1.3245
- Mathematical Correction: Calcium
Caleium

X r R
0.10 0.00913 00006  0.0028
§ . L 01 00035 00153
® 005 _gu¥ 02 00057 00250
E .l. 03 00077 00333
000 BB OO0 04 00094 00409
0.0 0.2 04 0.6 0.8 1.0 05 0.0110 0.0479
06 00125  0.0546
X 07 00140  0.0609
08 00154  0.0669
09 00167 00727
098927 00178  0.0778

Mathematical Correction:

Phosphorus Phosphorus
c o.08 X r R
8 006 gl 0.01204 00009  0.0031
g 004 - ---®-- R 0.04125 00025  0.0085
LR el | P 01 00051 00175
0.00.10.2 0.3 0.40.5 0.6 02 00083 00308
03 00124 00428
0.4 00157  0.0541
X 053246 00198 00682
alol - Y s



Internal Standard: Sulfur

X
0.12333
0.5

1.0

1.5

20

25

3.0

3.5

4.0

r
0.0049
0.0198
0.0397
0.0595
0.0793
0.0992
0.1190
0.1388
0.1599

R
0.0259
0.1049
0.2098
0.3147
04196
0.5245
0.6294
0.7343
0.8458

Sulfur

Precision
=
2

...B-- R

Internal Standard: Zinc

X
0.013664
0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.56294

r
0.0004
0.0013
0.0023
0.0032
0.0041
0.0050
0.0058
0.0066
0.0073
0.0081
0.0088
0.0096
0.0098

R
0.0010
0.0031
0.0055
0.0077
0.0098
0.0118
0.0137
0.0156
0.0174
0.0192
0.0209
0.0227
0.0231

S

[
omgm

2ooo

o 2

Precision
£5
R?

- o

...m--R

——

(=
> w2
]
th ©
o 2
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Mathematical Correction: Sulfur
Sulfur X ) R
= 011641 00063 00196
2 = R 05 00267 00836
g 10 00534 01671
o o—T 15 00801 02505
20 01068  0.3340
25 01334 04174
30 01601 05009
35 01868 05843
39118 02087 06530

Mathematical Correction: Zinc

Zinc X r R
0.08 0.01344 00002  0.0011
coosl i 0.05 00007  0.0044
g " 0.10 00015  0.0004
3 0.04 2 —-m--R 015 00024 00147
£ 002 {—gu™ . r 020 00033 00202
0.00 1 %00000 00T | 025 00042  0.0259
000.10203040506 030 00052 00317
X 0.35 00061  0.0376
0.40 00071  0.0436
045 00081  0.0497
0.50 0.0091  0.0558
0.55 00101  0.0621
059 00110  0.0671
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