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ABSTRACT

Quantitative analysis of each portland cement component was conducted by standard calibration method
using X-ray fluorescence spectrometer. Standard sample and the unknown sample were prepared by fused
cast bead method. In checking the errors of standard cement 227A372, the relative errars of constituents
such as CaQ, S0 AL(, Fe;0;, MgQ, and Sr0 were less than 1%, and the relative errors of constituents
such as 505 K0, Ti0s Nay0, P:0s; and Mn.0); were less than 5%, Sample preparation was mainly contributed
to the errors. Compared with general wet chemical method, the results of X-ray fluorescence analyses were
more precise and accurate. Moreover, it is possible to analyze precisely a little amount of the constituents
such as Sr0, Mn.,O; and PsQOs, the analyses of which were very difficult using the wet chemical method.
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Table 1. Operating Conditions of XRF

Table 2. Analytical Lines and Background

| Spectrometer | Rigaku (Model 3270) Analytical line ]
Anode Rh-target Ele- Wave- Peak Back-
Voltage 50 kV~50 mA ment Line length ground
Beam path Vachum %y {28) {28)
LiF(200) for Fe, Ti, Sr, Mn Ca Ca Ko 3.360 61.98 650.50
Analyzing PET for Si, Al St Si Ro. 7.126 108.04 110.50
crystal GE for Ca, S, K, P Al Al Ko 8.339 144.61 146.50
RX-40 for Mg, Na N Fe Fe Ko 1.937 57.50 56.00
Collimator Coarse (550 um) S S Kao 5.373 110.82 112.30
Scintillation counter Mg Mg Ka 5.889 14.34 16.00
for Ti, Fe, Mn, 5r K K Ka 3744 70.00 71.h0
Detector . - -
Gas flow proportional counter Ti Ti Ka 2.750 86.18 85.50
for Si, Al, Ca, Mg, K, Na, P, S Na Na Ko 11.909 17.29 -
Pulse height } Sr Sr Ko 0.877 141,18 142.50
Base 10 V, Window 15 V
| analyzer P P Ke 6.155 25.13 24.00
Mn Mn Ko 2103 62.95 £1.50
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Table 3. Chemical Compositions of Standard Reference Materials

LRI
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of Portland Cements

Constituents
(with) . )
SRM Ca( 510y, Al Oy Fe:0y 50, MgO KO Ti0 Na,0
Name
SRM 1380 63.14 19.82 5.03 291 337 2.69 0.91 0.25 0.28
SRM 1881 58.68 2225 416 468 3.60 262 117 0.23 0.04
SRM 1884 64.01 23.19 331 3.30 167 2.32 0.51 0.16 0.13
SRM 1885 62.14 21.24 3.68 440 2.22 402 0.83 0.20 0.38
SEM 1886 67.43 22.53 399 031 204 1.60 0.16 0.19 0.02
SRM 1887 62,88 19.98 5.09 216 4,61 1.26 127 0.27 0.10
SRM 1888 63.78 20.86 5.35 3.18 316 0.71 0.56 0.29 014
SRM 1889 65.08 2044 5,61 2.67 2,68 138 0.32 0.21 0.11
227 B 633 64.5 218 3.7 4.20 2.2 10 0.17 024 0.64
227 B 634 62.5 207 5.2 2.84 22 3.3 042 029 0.15
227 A 372 65.3 203 537 342 295 131 0.76 0.29 0.10
Constituents
(wth)
SrQ Pa()s MnaOs F Zn0 Cr:04 Cl1 L.OL Total
SRM
Name
SEM 1880 0.06 0.29 0.08 0.10 0.01 -~ 0.02 1.38 100.28
SRM 1881 0.11 009 0.26 .09 0.m -- 0.01 201 100.04
SRM 1884 0.048 012 0.11 {0.03) (0.02) (<0.01) )] 117 (100.05)
SRM 1885 0.037 0.10 0.12 {0.05) (0.03) (<001 | (0.02) 0.74 (100.19)
SRM 1886 011 0.025 0.013 {0.01) (<001 ; (<001 {0} 1.73 (100.02)
SRM 1887 0.07 0.075 0.072 (0.11) (0.01) {(<0.01) | (0.007) 149 (99.908)
SRM 1888 0.07 0.085 0.025 {0.02) (0.01) (.00 (0.015) 170 (100.05)
SRM 1889 0.20 0.15 0.24 (0.04) (<0.01) | (.0 (0.002) 0.02 (100.04)
227 B 633 0.31 0.24 0.04 0.08 0.01 0.01 -- 0.7 99.84
227 B 634 0.12 0.10 0.28 0.08 0.02 0.08 -- 16 99.88
227 A 372 0.05 0.07 0.074 -~ - -- - 99.99

NOTE) L.OI: loss on ignition
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Fig. 1. Calbration curves for each constituent.
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Table 4. The Constanis of Calibration Curves

ol A=A

CEES oY

X Constants of Calibration Curves Maximum .D-ifferences )
Constituents of the Certified Values
Slope Intercept R This Work Brady's Work?
Cal (0.3491 3.1993 0.9956 +05 +03
Si0, 3.8044 0.5210 09973 +02 102
ALOy 3.3570 —(.0809 0.9981 +0.10 +0.2
Fe,0, 0.1629 0.0489 0.9994 +0.10 +0.10
S0, 1.2730 0.0252 0.9982 +0.10 +01
Mg 20640 —0.1704 0.9995 +0.10 +0.1
K0 0.5251 0.0016 0.9912 015 +0.05
TiO: 1.9385 0.0156 0.0881 001 +0.05
Na,O 46113 —{.5303 0.9937 +0.02 + 0.03
Sr0 0.0094 0.0086 0.9993 + Q.01 1005
P:0; 11122 0.0034 0.9875 +0.03 B
MnOs 0.2750 0.0027 0.9996 +0.01 -—
Table 5. The Results of XREF Analyses for SRM 227 A 372 (10 Pieces) {unit: cps)
CaO Si0, ALO; | FeD; | 50, | MgO | KO TiQ; | Na,0O | SO P | MOy
1 | 177420 | 51875 | 1421.2 | 20633 | 2214.0 | 739.3 | 1313.0 | 1262 | 1391 | 40433 | 535 268.0
2 177960 | 52004 | 14106 | 20771 | 21383 ( 739.7 | 12832 | 1312 | 1355 | 40748 | 626 267.8
3 1177720 | 5178.0 | 1424.2 | 20651 | 20638 | 733.3 | 13087 | 127.8 | 1404 | 4143.7| 649 264.8
4 177630 | 5207.3 | 14316 | 20662 | 22289 | 7404 | 12970 | 1206 | 1362 | 4437 | 634 265.2
5 | 177840 | 5196.0 | 14173 | 20795 | 2161.0 | 745.8 | 13437 | 1305 | 1351 |40720| €62 264.6
6 | 177380 | 51845 | 1419.3 | 20615 | 22635 | 7439 | 13162 | 1228 | 1355 | 407.7 | 688 255.7
7 | 177630 | 5226.0 | 1408.1 | 20576 | 2288.2 | 7424 | 13050 | 1356 | 134.3 | 41244 | 609 267.9
8 | 177820 | 5199.7 | 14112 | 20538 | 2300.3 | 7419 | 13255 | 130.7 | 1393 | 40616 | 63.7 256.3
g | 177590 | 5205.0 | 1431.1 | 20543 | 23338 | 7463 | 13340 | 1380 | 1340 | 40681 | 635 258.8
10 | 1771650 | 5200.2 | 14200 | 20481 | 2330.1 | 7404 | 13027 | 1287 1327 | 40319 | &76 262.0
m | 177614 | 51964 | 14195 | 20626 | 22322 | 7413 | 1313.0 | 1301 | 1363 | 40735 64.01 | 2631
6 243411 13.885 | 8.0906 | 99.907 | 88.000 | 3.7379 | 17.873 | 43511 | 2.5413 | 35.320 | 3.0581 | 4.7069
RSD | 0.1370 | 0.2671 | 05700 | 04844 | 3.9866 | 0.5042 | 1.3612 | 3.3442 | 1.8652 | 0.8671 | 4.7776 | 1.7880

NOTE) o: standard deviation, 6=/ (ni D X2 m?)

RSD: relative standard deviation, %Xl(]{)
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Table 6. The Results of XRF Analyses for SRM 227 A 372 (10 Times) {unit: cps)

Ca0 Si0: | ALODy | Fex05 | 50; | Mg | K.O TiOy | Na0 | SO | PO | MneOy

1 177610 | 51795 | 14139 | 20708 | 21609 | 7445 | 13288 | 1288 | 1365 | 40792 | 67.2 261.3

2 | 177600 | 52053 | 1414.2 | 20720 | 21664 | 740.8 | 13421 | 1302 | 135.0 | 40589 | 65.0 263.6
3 177580 | 5197.2 | 14158 | 20690 | 2171.1 | 7430 | 13395 | 1275 | 1354 | 4056.0 | 66.1 2635
4 [ 177790 | 5177.9 | 14160 | 20735 | 2165.1 | 7472 | 13410 | 1263 | 1383 (41229 658 2621
5 | 177620 | 52002 | 14282 | 20708 | 21495 | 7359 | 1335.2 | 1287 | 135.7 | 40319 | 67.7 2654
6 | 177590 | 5184.8 | 14117 | 20750 | 21675 | 7449 | 13375 | 126.0 | 1393 | 40526 | 695 2581
7 | 17770 | 5204.1 | 14203 | 20752 | 21724 | 7413 | 13363 | 1286 | 1343 | 41115 | 689 250.3
8 [ 177660 | 5195.8 | 14134 | 20736 | 2169.8 | 7426 | 13406 | 133.8 | 1368 {4148 | 622 260.2
9 [177660 | 5188.9 | 1423.0 | 20687 | 21658 | 7420 | 1344.0 | 1306 | 134.1 | 4049.1 | 643 266.2
10 | 177840 | 5170.2 | 1417.3 | 20795 | 21610 | 7458 | 1343.7 | 1265 | 1351 | 4043.7 | 662 264.6
m 177668 | 51504 | 14174 | 20728 | 2165.0 | 742.8 | 1338.9 | 1287 | 1365 | 40712 662 2615
o 89.790 | 12.009 | 50762 | 32.746 ' 6.6408 | 31665 | 46111 | 2.3856 | 2.0387 | 31.594 | 2.0710 | 4.6476
RSD | 0.0505 | 02314 | (L3581 | 0.1580 | 0.3067 | 04263 | 0.3444 | 1.8536 | 14941 | 0.7761 | 3.1283 | L7771

Table 7. The Results of the Error Calculation by the
Rule of Propagation of Errors

Component | Esp (%) { E; (%) | Ecs (%) | Er (%5)
Ca0 0.13 0.03 0.04 0.14
510, 0.14 0.07 0.22 0.27
AL, 0.44 0.12 0.34 0.57
Fe,0, 045 0.03 0.16 0.48
30, 3.98 0.13 0.28 3.59
MgO .50 0.26 0.13 041
K:0 1.32 0.14 031 1.36
Ti0, 2.78 1.22 139 334
NaO 113 063 1.35 187
S50 0.39 .70 0.35 .89
P.0s 3.61 2.46 1M 4.78
Mn,C, 0.18 1.12 1.38 L79
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Table 8. The Comparison of Analytical Results according to Analytical Methods (unit: wt%)
Ca0 | Si0. | ALO; | FesOy | SO, | MgO | KO | TiO: | NayO | SrO | Py0Os | MngO,
REF | 6401 | 2319 | 331 | 330 | 167 | 232 | 051 | 016 | 013 | 0048 [ 012 | 011
SRM sSC 6396 | 2320 | 327 | 327 | 173 | 232 | 053 | 016 | 012 | 0045 | 011 0.11
S-DIF. | —005|4+001| —004 | —003 | +006, 0O +002| O —0.01 [—0.003] —0.01 0
1834 WET | 64.03 | 23.20 | 341 328 | 167 | 221 | 053 -- 0.12 -- -- --
W-DIF | +002| +001| +0.01 | —0.02 0 —011(+002| — |[—-001] - - --
REF | 653 | 203 | 537 342 | 295 | 131 | 076 | 029 | 010 | 005 | 007 | 0074
227 sSC 652 | 203 | 539 | 343 | 287 | 135 | 070 | 027 | 010 | 005 | 008 | 0.075
A S-DIF. | —01 0 +002 | +001| —008| +0.04 | —0.06 | —0.02 0 0 +0.01 | +0.001
372 | WET | 651 | 203 | 546 | 3.29 | 278 | 127 | 0.74 - 0.09 - - -
W-DIF | —0.2 0 +0.09 | —013| —017 | —004 | —002| — [-001| -— -- --
A WET | 642 | 206 | 502 315 | 178 | 247 | 083 ] 0.16 -- - -
Co. sC 641 | 205 | 490 | 307 | 189 | 258 | 069 | 029 | 016 | 004 | 018 | 0.20
B WET 626 213 5.36 287 223 313 102 -- 0.08 - -- --
Co. SC 625 | 211 | 536 | 283 | 216 | 327 | 095 | 031 | 009 | 005 | 011 | 0.13
NOTE) REF: SRM Value
SC: Value from Standard Calibration Method
WET: Value from WET Method
S-DIF: Difference of SC Method from SRM Value
W-DIF: Difference of WET Method from SRM Value
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