XRF

XRF Analyssdf Cemat - ASTM C-114

Qudlification

John A. Anzemo, Alexander Seyfarth, Larry G. Arias,
Bruker AXS, Inc., 5465 East Cheryl Parkway, Madison, W1 53711, USA

Fig. 1: $4 EXPLORER XRF

Introduction

X-ray Fluorescence (XRF) haslong been ac-
knowledged as the accepted technique for
analyzing cement, clinker, and al of the as-
sociated raw materialsin the cement making
process. The defining method for the analy-
sis of these materials is the ASTM C-114
Standard Method for Chemical Anaysis of
Hydraulic Cement, which, for the most part,
isaseriesof “wet” anaysisprocedures. How-
ever, by conforming to the “Performance
Requirements for Rapid Test Methods”, al-
ternative methods may meet “ Qualification”.
Among themany analytica techniquesavail-
able, XRF has the unique capability of pro-
ducing the most accurate and precise results
inthe shortest amount of time. Moreover, not
al techniques can meet the “Qualification”
for al of the elements. In particular, most
cement producersconsider theanalysisof the
standard eight oxides: CaO, SiO,, Fe;0;,
Al,0;, SO;, MgO, Na,0 and K0, to be ex-
tremely important for the efficiency of their
process. This article describesthe ASTM C-
114 Qudification method using the Bruker
AXS SRS 3400 and S4 EXPLORER, the
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sample preparation method, the results, and
the cal culations made to demonstrate “ Quali-
fication”. Both the $4 EXPLORER and the
SRS 3400 meet or exceed ASTM C-114
Quadlification specifications while alowing
users to meet more demanding budget re-
quirements.

ASTM C-114 Qudlification

The procedure for ASTM C-114 Qualification
is as follows: Cdlibrate the instrument using
valid curvefitting procedures (point-to-point
saw tooth fitting is not alowed). Prepare NIST
Portland-Cement SRM’s and andlyze on Day 1.
Onanon-consecutive day, prepare anew set of
SRM’'sand andyze again. Calculate the differ-
ences between the values on Days 1 and 2 for
each element (oxide) and the averages of the
values from days one and two. Compare the
values obtained from the instrument to the val-
uesin Table 1. Be aware of significant digits
for each veluein the teble. The differences be-
tween the measurementson Days 1 and 2 isa
meesure of the overall precision of themethod.
Thedifferenceof theaverageof thevaluesfrom
Days 1 and 2 to the certificate vaue of the ele-
ment (oxide) is ameasure of the overal accu-
racy of the method.

Table1. Qualification ASTM C-114—97a. Maximum
Permissible Variations in Results (abs. wt. %)

For Col. 2and 3in Table 1, thefollowing varia-
tionsarepermissible: All valuesshall bewithin
the prescribed limits when less than seven
SRM'’sare used. If seven SRM’s are used, six
vauesmust bewithin prescribed limits, and the
seventh value no more than two times the pre-
scribed limits. If more than seven SRM's are
used, 77% of the values must be within pre-
scribed limits, and the remainder within two
times the prescribed limits. Interelement cor-
rections are alowed for any oxide when the
correction is applied to al standards used for
thet calibration. Qudification datashall bemade
available pursuant to the Manufacturers Certi-
fication Section of C 150, or the Certification
Section of Specification C 595. Requalification
isrequired at least every two years.

Fig. 2: SRS3400 XRF.

Oxide |Accuracy Pecision Table 2. ASTM C-114 Accuracy Data

(Max. Diff. (Max. Diff.

Meanvs. Days1& 2) Accuracy:

Cert. Value) Max. Diff. Mean vs. Cert. Value

] Oxid conc. R ASTM  [sRs

SO, 020 016 YE e | (aowes) | 300
ALO: 0% 020 Ng,0 |0.02-0.38( 0.05 0.02 | 0.02
FeO 0.10 0.10 a0 [992-0.58] 9 02 10.
0 030 020 MgO [0.7-4.0 |0.20 01 |01
MgO 0.20 016 AI203 33-56 |0.20 02 |02
SO, 0.10 0.10 SO, |19.8-232 |0.20 02 |02
Na,.O 0.05 0.03 P,Os [0.02-0.30|0.03 0.02 | 0.02
K,O 0.05 0.03 SO; |20-46 |0.10 01 |01
TiO, 0.03 0.02 KO [01-13 |0.05 0.02 | 0.01
P05 0.03 0.03 CaO |62-67 030 [01 [02
ZnO 0.03 0.03 TiO, [0.15-030(0.03 0.00 | 0.01
Mn;O5 0.03 0.03 Fe,0; [03-44 ]0.10 0.02 [ 0.04
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Ingrumentation

The data for these tests were collected on the
S4 EXPLORER (Fig. 1) and the SRS 3400
(Fig. 2) X-ray Fluorescence Spectrometers.

The SRS 3400 XRF with 4-kW X-ray tube
representsthe conventiona high-performance
sequential spectrometer used for ASTM C-
114 Qualification. The S4 EXPLORER rep-
resents the latest technology (see accompa-
nying article), eliminating conventional utili-
ties such as water, compressed air and P-10
detector gas. These utilities are no longer re-
quired dueto the development of a1-kW air-
cooled X-ray tube, electromechanica sample
handling, and the Pro4 Sealed Detector for
light elements. The 1-kW X-ray tubeisaRh
target, 75-um end-window design, giving
excellent performance throughout the peri-
odic table. The Pro4 detector incorporates a
proprietary material that eliminates the need
for P-10 gasto flow through the detector, yet
gives performance equal to or better than the
conventional flow detector for the light and
ultra-light elements. These new develop-
ments, combined with optimized coupling of

Sample Preparation

The samples were prepared by adding 5.0X g
cement, 0.5X g of cellulosg, and 5 ml Dupont
Vertrd XF™ to aring and puck mill followed
by grinding for 90 s. The powder was then
pressed at 40,000 poundsin a40-mm diemold
on top of a boric acid backing. The use of

Table 3. ASTM C-114 - Precision Data

Precision:

Max. Diff. of Duplicates
Oxide  [ConcRange  ASTM si& s
(Wt.%) Hllowed)

Na,O |0.02-0.38 [ 0.03 | 0.00 [0.01
MgO |0.7-4.0 0.16 | 0.06 |0.06
Al,O; |33-56 0.20 | 0.08 |0.08
SO, [19.8-232 | 016 |0.11 |0.09
P,Os |0.02-030 (003 | 0.00 [0.00
SO; |[20-46 0.10 | 0.05 |0.06
KO 01-13 0.03 | 0.01 |0.01
CaO |62-67 0.20 | 019 (020
TiO, [0.15-0.30 [0.02 | 0.00 |0.02

X-ray tubetarget-to-sampleand crystalswith
collimators, give the S4 EXPLORER ex-
tremely high performance from beryllium
through uranium. The components are pack-
aged in an extremely compact metal cabinet
with anintegrated automatic sample changer.

Fig. 3: Sanple
grinding
without Vertrel
XF resultsin
considerable
contamination
of the container
after cleaning.

Fig. 4: Sanple
grinding with
\ertrel XF
resultsina
clean container
with no
contarmination.

Both spectrometers have the capacity for eight
crysds, four collimators, 10 primary beam fil-
ters, collimator masks for small sample analy-
ss, and 32-bit applications software running
under Windows NT, including full qualitative,
sandardless, and quantitative anaysis capabili-
ties. An integrated database and the TCP/IP
networking protocol are standard.

FeO; |03-44 0.10 | 0.03 |0.02

Vertrd XF asagrinding aid enablesoneto use
astandard hardened stedl container insteed of a
WI/C container. Vertrel XF aso diminates con-
tamination that otherwise remains after clean-
ing (Figs 3and 4).

Results

The results in Tables 2 and 3 show that both
the S4 EXPLORER and the SRS 3400 meet or
exceed ASTM C-114 Qudlification specifica-
tionsfor both precision and accuracy. The per-
formance of the two spectrometersis virtualy
identical. Sample preparation errors represent
the largest form of systemtic error since both
spectrometersgivemorethan enough count rete
to eliminate statistical counting errors. In addi-
tion, interelement effects are corrected for with
the Variable Alpha form of Fundamenta Pa-
rameters, which correctsfor al dementsoneach
other, and eiminates operator decision during
the cdibration process.

Condusions

Table 4 shows how the XRF technology hes
changed over the last two decades. The Sze,
power, and cogt of insrumentation havedropped
significantly, while the time of analysis hasin-
creased dightly. Flexibility which is required
by changing fuels and additives, has been ex-
tended to the full capability of XRF (B — U),
including standardless analysis. Operator deci-
sions concerning interelement correctionshave
been diminated through the use of Variable
Theoretical Alphas. Requirements for cooling
water, compressed air and P-10 gas have dso
been diminated. The investment required for
100%ASTM C-114 performancehasdecreased
by over 50% (Fig. 5). Boththe SAEXPLORER
and the SRS 3400 meet or exceed ASTM C-
114 Quaification specifications, whiledso a-
lowing users to mest more demanding budget
requirements.

Table 4. XRF Technology comparison over two decades.

1980's 1990's 2000
Insrument Size | 6m* 4m? 1m®
Power 3kW 4 kW 1kw
Utilities water, compr. air, water, compr. air, NONE

P-10 gas P-10 ges
Price $225 000 $180 000 $130 000
Flexibility 10 oxides B - U Semi-Quant. | B - U Standardless
Interelement Empirica Fixed Theoretica Varigble Theoretica
Corrections Lachance-Trail Alphas Alphas
Analysis Time
(8 dements) 180s 210s 300s
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Fig. 5: Investment required to obtain
100% ASTM C-114 Performance.
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