FLUXANA

XRF Application Solutions

X-Ray Fluorescence Analysis of hydraulic cement according to ASTM
C114-18 using FLUXANA CRMs, the FLUXANA CEM Application Set
and VITRIOX® ELECTRIC 4+

Introduction

The performance criteria for the analysis of hydraulic cements are described in ASTM C114-18.
For quality check of these criteria only NIST and NIST traceable CRM are allowed.

This report will demonstrate the performance of FLUXANAs certified Reference Materials and
the VITRIOX® ELECTRIC 4+ to meet the tolerances stated in the ASTM norm.
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Procedure

All samples were prepared using the VITRIOX
ELECTRIC® 4+, conducting borate fusion. The
materials were ignited at 950 °C and then fused using
a sample flux ratio of 1 + 8.

A calibration based only on NIST materials was
implemented and used for measurements of the
FLUXANA reference materials. The results of the
materials were checked according to the
performance criteria stated in ASTM C114-18.

This calibration was used to proof the compatibility of
FLUXANA CRMs an NIST CRMs.

Fig. 1: VITRIOX® ELECTRIC 4+ for XRF

A calibration based on the FLUXANA CEM Set was

implemented and used for measurements of FLUXANA and NIST CRMs. The results of the
materials were checked according to the performance criteria stated in ASTM C114-18.
This calibration was used to proof ASTM conformity of the FLUXANA CEM Set.

Sample Preparation

Sample (ignited at 950 °C) 1.0000 g
Flux FX-X65* 8.0000 g

*66% lithium tetraborate + 34% lithium metaborate

Fusion using the VITRIOX® ELECTRIC 4+.

Results

The materials were tested using the NIST based calibration and the calibration based on the
FLUXANA CEM Set.

See Annex for results.
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Summary

The results from the NIST based calibration confirm, that the tested FLUXANA CRMs can be
considered NIST compatible.

The results from the calibration using the FLUXANA CEM Set show, that this Application set can
be calibrated to meet the ASTM C114-18 performance criteria for hydraulic cements.

All displayed results confirm, that the VITRIOX electric 4+ performance meets the requirements
of ASTM C114-18 due to the high precision automation and precise temperature control.
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Annex

Measurements in NIST based calibration, performance criteria from ASTM C114-18, 11b

AII03 Cal Cri0l FedDd HIO MgD MndO3 MO PI0S 5607 5303 50 TIO2 IndD

Musisum @ference of the sverige of Duplcstes from CAM Ceneste Values 07 03 &1 BBS A3 0fB2 DS 003 B3 At 0,03 Bea
Mariss Sfarance betwess Dupheses 07 010 81 203 218 003 003 003 e A 0,02 aea

FLE-CRM 101 Cenifcale BBE 4843 001 RS 290 172 0912 088 D0 M3 312 025 048 005

FLC-CRM 11 - S5P0800 - 34 FECOB-0226-02 B85S 2840 001 350 211 188 0" &M 010 303 3108 025 048 004
FLCCRM 11 - S5P0009 - 3A FECOB-0226-02 BT #4858 001 351 Z11 170 O 07 019 3033 315 025 046 Q04
FLE-CRM W Meon 005 8853 001 35 XN 188 011 BTR DR 30 311 Q35 DA Qoe

DI, betwsan cortificate mesn of dupfcstes 0,00 090 000 0083 001 983 000 084 000 081 881 000 000 G00
Diffsrance betwesn duplesins 002 008 000 000 00 001 000 o8 000 007 08 000 0,00 000

FLE-CRM W03 Cenificale IS S480 001 T8 ATT 44 097 X 000 MMEE 2TY Q07 037 am
FLC-CRM 103 - S5P000T - 34 FECOB-0226-02 T8 85 001 174 078 445 07 03 009 X8 27T 007 038 Qi
FLC-CRM 103 - 5590006 - 3A FRECOB-0226-02 765 5475 001 174 B77 445 07 029 009 2:E 2T 007 03T Qi
FLX-CRM 103 Mean TET 5470 001 174 079 445 017 029 008 287 271 Q07 0,37 00

DI, between cortficate mesn of dupcaes 0,08 920 000 404 001 001 000 404 000 £08 082 000 000 SN0
Deffarence betwesn dupliestss 004 008 000 00 000 Q00 000 980 000 005 08 000 0,00 000

FLE-CRM 105 Centficate A2r 68 001 2S00 1M 15T 004 B2 D06 2084 33T 015 018 008
FLC-CRM 105 - S5P0042 - 3A FECOB-0226-02 426 652 001 248 127 139 004 025 005 2075 1% 015 019 Q05
FLCCRM 105 - S5P0041 - 34 FECOB-0226-02 4246536 000 249 127 139 004 025 006 207 1% 015 019 Q05
FLX-CRM 105 Mean 475653 001 Z49 137 159 04 05 006 207 3% 015 0,10 005

DI, betwsan cortificate mesn of dupfestes 0,02 090 000 001 083 002 000 084 000 299 881 000 D01 G0e
Dfference betwesn duplicstss 001 005 000 000 B8 000 000 980 000 001 088 001 00 000

FLE-CRM W08 Centficale ETo G805 001 108 08 088 098 02 0 X3 AN 02 027 o
FLCCRM 104 - S5P0080 - 34 FECOB-0226-02 G608 6618 001 19 0% 100 0% 08 011 2027 302 021 028 Qi
FLC-CRM 106 - S5P0039 - 3A FECOB-0226-02 586 G617 001 15 0% 0% 07 0% 01 2015 30 021 028 o
FLX-CHRM 1085 Mean SETGETE 001 196 B9 100 07 0% 011 M8 30 0 028 00

DIF, batassn cortificate mesn of dupheses 0,00 013 000 007 005 004 000 04 000 211 082 000 D01 Q0
Cofferance between dupicatss 002 001 000 Q00 900 001 000 @00 000 006 080 000 0,00 Q00

FLE-CRM 107 Cerlificale 4367 0 13 0T OO0 oD DR RN A8 313 0495 099 0o
FLX-CFRM 907 - 55P1110 - S5P FXCOB-0226-02 4206727 007 128 073 075 004 022 09 2167 309 015 020 o
FLX-CRW W7 - 551109 - S5P FRCOS-022602 4206727 007 129 073 Q75 004 03 09 2167 311 Q16 020 oM
FLE-CRM 107 Mean A4 ETIT 0 12 073 075 004 0ZF QM6 HET 310 0% 020 0

OIN, betassn comifieste mesn of dupbeses 0,00 008 000 000 000 008 000 005 000 044 001 000 DDD 000
Dfprenes betwesn duplicsiss 000 000 000 000 000 OO0 OO0 00 080 000 002 000 D00 000

FLX-CRM 108 Carficali 4068 BEIS QM 297 074 298 022 00 0T 2008 1M 008 D1R QUM
FLE-CRM 108 - SSPOMET - 34 FECOB-0220-02 483 8221 000 297 078 218  02% 090 @17 2002 33 000 020 004
FLX-CRM 108 - S5PORSE - 34 FECOB-0226-02 488 6597 001 297 077 22 022 090 Q17 2002 334 000 019 O
FLE-CRM 108 Mean 464 G5 000 297 07T 220 0ZF DR QIT 2002 332 00 018 Q04

DI, between certificote mesn of duphcses 003 004 000 Q00 007 005 00 007 00 004 001 001 001 DDO
Diffprpnce betvedn duplicsed 003 003 000 001 00 00 000 DOD OO 000 -0,02 000 0 Q00

FLE-CRM 110 Cenificate AT GE13 Q00 Q13 034 085 Q0G 0 M 2200 288 004 04T Qg
FLX-CRW 190 - 551112 - 35P FECOS-022602 460 628 000 076 004 0E9 003 007 004 2185 206 005 017 QOO
FLX-CF 190 - 55111 - 55P FECOB-022602 46T E83Z 000 098 004 059 003 006 004 2184 204 04 0T QOO
FLE-CRM 110 Mean 468 GE0 000 Q7168 04 059 003 006 004 985 208 004 04T 000

OIN, betwpen corifeste mean of dupicses 0,02 817 000 007 000 684 000 001 000 018 008 000 000 000
Differents betwesn duplicatss 001 00 000 000 000 001 000 000 680 001 00 000 000 000

FL-CAM 113 Carficali B4 @81 0 280 00 25 0M 00 B4 M 28 007 023 o0
FLX-CRM 113 - S3POT14 - S5P FECOB-0220-02 612 845 001 278 060 255 024 011 0814 2130 247 007 023 00
FLX-CRW 113 - 33P0T1) - 58P FRCOB-0226-02 6101 643 007 277 061 255 0% 090 @4 2125 24T 007 023 Q)
FLE-CRM 113 Mean 512 643 00 277 060 254 024 D1 QM4 12T 24T 007 023 003

DIN, between cortificate mesn of duplicses 003 534 000 203 -003 00 000 003 000 404 004 001 D00 200
Diffprence between duplicaes 0,01 007 Q00 Q00 000 Q02 000 D01 RO Q04 000 000 000 Q00

FLE-CRM 117 Centificale TTZHA 000 137 092 288 019 02 M 2|16 355 010 057 002
FLX-CRM 117 - ATH02S - S5F FXCOB-0226-02 766 5433 001 143 090 291 019 021 @ 2801 363 010 056 002
FLX-CRM 11T - ATIRS - 5P FECOR-N22602 THA 3429 07 143 0 2% 099 011 oW 2300 36 010 056 o
FLE-CRM 117 Mean THISM 00 143 0 Z5C 019 0 00 MO0 362 00 056 002

OIN, betawsn comifeste mesn of dupbenss 007 013 000 008 001 000 000 001 000 018 007 000 -001 o0a
Differents betwesn dupleatss 002 00 000 000 00 00 000 000 080 401 00 001 00 000
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AIRDI CaQ Cri03 Fel03 KID Mgl Wad0d MalD FI0S 502 503 S0 TDd InD
FLE-CRM 118 Catific.abe T3 584 0 408 103 299  0R Q19 Q47 2272 312 09 03F OB
FLX-CRM 118 - S5P0065 - 35F FECIS-0Z26-02 727 58685 0N 405 1056 2.3 BEF 020 Q47 22,713 308 0 03 0es
FLX-CRM 118 - S5P0064 - 35F FECIS0Z26-02 729 5885 0N 404 104 247 0% 0319 Q98 2275 308 O O3 0eS
FLX-CRM 118 Mean 728 5865 001 405 104 2% 019 Q19 Q1T Z2TA 309 00 03 00
Dol betwesn cenificme meen of duplicstes 001 024 000 0,00 @07 000 000 900 901 002 90 000 QD 00D
DOiferencs betesen duplicates 003 000 000 001 000 003 o000 001 400 -0.02 001 D00 OO0 000
FLE-CAM 110 Conmificabe T8 BT08 00 323 130 147 04 O Q18 25560 248 DAT 03T oM
FLE-CRM 118 - S590T 8 - S5P FECOROFMO02 TTH T30 001 323 1 143 od 02 08 2620 24T DAT O D4
FLE-CRM 118 - S5POTT - 35P FECOBOZM.02 7T 72T O 324 18 1 B4 0N 008 2601 248 DAT 0N DM
FLE-CRa 118 Bean TTS BT3RO0 32F % 14F B O3 008 2530 248 04T 0N 0B
Dol betwesn cenificste mesn of duplicates 008 021 000 000 080 000 000 002 080 -000 £40 000 GBd 000D
Difference betwesn duplicates 000 004 000 000 000 00 i Q@ 000 -0.02 001 000 Q00 00D
FLE-CRM 129 Camificabs 17 4642 0 34T ZES 147 B2 13 Q42 3248 ZEE 045 0% 00
FLE-CRM 121 - S35P1134 - 35P FECIS-0Z25-02 910 4660 00 313 285 1% Bt 130 Q011 32168 25 015 03 m
FLE-CRM 121 - 3571133 - 35F FRECIS0Z26-02 909 4675 00 3,92 285 147 o1 13 Q12 3221 23 015 03 oM
FL-CRM 121 Megn 909 4672 00 312 E6E5 14 000 130 012 3218 256 015 03 03
DOl batveesn comifecms Sean of duplicates 008 030 000 005 @00 001 Q00 Q02 Q00 000 910 000 DOG DD
Diffsrencs betwesn duplicates 001 -0.06 0,00 0,00 007 009 200 000 Qo) -005 001 00 QoD DoD
FLECRM 132 Cartificabe S8 e2M 0mM TS 08 212 B2 03 Q07 2308 344 004 03T oM
FLE-CRM 122 - S5 1341 - 55P FECIROZG02 G589 6208 001 191 08 292 092 Q19 007 2284 328 004 03 0om
FLX-CRM 122 - S5F 1280 - 55F FRLOSOE-02 5487 82,14 0N 1.0 o8 20 BE 021 Q07 20 237 013 03 m
FLE-CRAM 122 Mgan 588 82101 00 1B OBS 211 B2 020 007 2203 AT D14 03 oM
D4l betwesn cenifcste mesn of duplicates 000 090 000 008 @00 001 000 981 980 013 L47 000 000 D00
DiMerencs betwesn duplicates 002 008 000 000 Q00 007 000 00@ a0 0,00 001 000 Q01 000
FLX-CRM 130 Camiicabe 1162 8680 002 2088 08 184 s 03 007 1436 1091 006 056 D
FLE-CRM 130 - 35P1122 - 35P FRCOE-0Z6-02 1182 5676 002 285 QF2 167 008 025 006 1434 1097 005 05 0@
FLE-CRM 130 - 35F1121 - 55P FECOS-0FM-02 1162 5683 002 285 OF2 163 06 02 006 1437 1104 005 05 002
FL-CRM 130 Megn 1162 5670 002 285 OF2 185 00 0F 006 1435 1101 005 05 002
Defl. betveenn cenificme mean of duplicases 000 049 000 003 GBd 00 00 -0 QB0 000 940 000 BBd DGO
DiMference betwesn duplicates 001 -008 000 0,00 Q00 D02 200 003 000 -0,03 00 000 QOO DD
FLE- 137 Cetificabe 499 8477 307 aff 164 o027 Q17 XM 317 008 0z 0,03
FLX-137 - S5Pdes - S5 FHCOB o 400 @488 0 304 QT8 1682 027 012 01T M58 300 008 02y 003
FLX-137 - S5P1ded - S5 FHCOBOCM 0D 408 8497 O 2,00 Om 1.8 028 O 04T M5} A8 008 02 003
FLECRad 137 Mean 458 @48 O00f 303 OT® 181 027 Q11 QT AMSE 300 008 0 003
Ooft. between certificate mean of duplicates A8 099 004 -0.04 Q02 -0.03 000 Q11 GO0 4.0 008 000 @01 000
Differance betwesn duplicates 001 002 000 000 OO0 0,02 000 003 OO0 005 OO0 004 Q00 0,00
FLIL 1M Cemfcate 1% s 1,70 QFr 1,08 090 Qs 01 e dd4d 008 032 002
FLN 130 - S5P00es . 558 FRCOR03 44 eAEd 000 1L oo an 000 QAT 0 e d47 008 03X 0
FLI 138 . SSP00e . S50 FUCOROOMAEE 443 BBAT 001 177 AT 100 00 QAT ONt e 348 008 03 0m
FLX 138 SN 44l aEEE 00 1, a1 011 GAF Gy e el 0018 43 0
Duft. Detwaen conifcas mean of duplicones 004 004 001 000 802 0,02 001 G082 000 404 004 000 001 000
Oitwrencs batwsan duplicaes 000 003 000 00 400 000 000 Q00 Q00 400 000 000 0G0 000
FLCRad 1l Cerirficabe b8 S8 00 308 142 142 004 O3 O3 MM 287 017 0¥ 004
FLE-CRM 1001 - S5Pcstn - 559 FECDBOOE i 890 S8 04 306 143 148 004 O3 02 M7 30 017 03 004
FLE-CRM 1001 - S5P00550 - 557 FCOBIvie 800 SEB0 OO0 308 143 146 004 O3 028 2478 306 017 O3 004
FLX-CRS 100 sy 290 5880 0 306 143 147 004 O3 028 2477 303 017 0¥ 004
Deff. between certificate mean of duplicates 004 891 000 004 @0 008 000 S8 G683 08F Qb 000 QB0 004
Dt L dumlh 401 0 000 -0 000 002 000 00 000 063 003 000 000 D000

FLCCRM 1002 Cerficabe s 21 2 020 182 012 016 0w D@ 188 0.
FLX-CRM 1002 - S5P0000 - S50 FRCOROMLD? G5O07 @23 o 2,02 Omd 1M 0,42 O O 2SS AT 0 0¥ 0
FLE-CRM 1002 . SSPO00 . 559 FRCDROZM.O? 597 6222 0 2,02 Q@) 168 012 Q17 O X4 AT 0N 0 0
FLL-CRE 1002 Y S 823 0 2,02 Q8 1,70 012 Q17 0w e AT 021 03 0
Do betwedn cenlificats mean of duplicates 008 804 004 004 801 0,008 000 G 000 402 408 0.1 481 004
DiMerencs betwesn duplicomes 000 002 000 00 Q00 0,02 000 Q00 000 0 OO0 000 000 000
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Measurements in FLUXANA CEM calibration, performance criteria from ASTM C114-18, 11b

AlZD3 Cad Cr20d Fe2Dd K20 MgO Mn2D3 Ma2d P208 02 503 S0 o2 Ind

Alzaved diferenie bebween mesn ol dupBeates and cectilisd b 0,2 1] 0.1 0,05 0.2 0,03 0,08 0,03 0,2 o ooz 0,02
alcawed diference bebween dupicates 0.2 a2 01 0@F 0f8 Q0% 003 003 018 A o2 003
HIST 1281a Cenficale FATOEES1 OE 314 A 3md o oA 018 E:E2 242 0 03 oeE
ME T TEE T - HERT4 - B P [ LR RLE ERRI ] 3 01l k] HR L e k] MRS 03 130
HIET 16818 - 99P1125 - S5P FECOS-DA4-0E 723  SBTI OO0E 3N fE3m on oE 01 A 333 1M 03T his
MIST 1861a Meann  T21  SETS 006 3N LB 20 o1 0E0 D18 2X2AS 0 3 0 037 nis
Diff. between certificate mean and duplicates 0,08 G234 000 G803 00 000 000 080 000 003 008 004 000 000
I Mtererde: boTaven dupheahes L1511 13 UL} K] CIEKI 1 ALK OCEE - LT L5005 1im i1 1Nk LKl [k H]
T CRR 1001 Ceificale 803 81 0m 308 42 142 004 633 025 AMTD 28T 047 033 oo
FLY-CAM 1001 - 22P0301 - S5P FMCOELid-DE 818 EE91 00 305 44 142 004 032 028 MM 205 048 030 O
I EGHRM 10T -SSR - 55 R =HAH 5 50 [k 1 SE 144 143 0 [ K M 40 207 R (] [EC
FLE-CRM 1001 Megn 218 SESD 0 IE O 143 0e 03F 008 Mre ioe 017 030 oM
Diiff. between certificate mean and duplicates o2 40 006 P03 002 004 Q00 08 003 o0 008 000 QD0 -0
Differerce betaesn duplcales a0 ool o0e 0Mm 000 002 000 o0 000 003 .00d 000 000 000

FLYX-CER 1002 Cenneate B2 EZZER 2M nEd 1EE 012 oas 014 FLR O EEE 036
FLECRM 1002 - S2M05E0 - 55 FECOB 0 DE 802 E2x 000 2 o8l 188 042 07 044 25 3V 02 03 o
FLE-CRAM 1002 - 22M0392 - S5P FECOEDISM0E 01 E225 000 200 0@l 184 042 Ce 014 24 AT 02t 03 ol
FLX-CRM 1002 Mear 6027 BRX 00 2 LR 165 04 LR a4 s AT M 0% oM
DY, batwean cartificats maan and duplicates 0,00 gz o001 000 002 003 000 002 000 402 002 021 Q@00 00
Diferene betwesn duphcales 2.0 oo oo oM oo0 0@ 000 oo 000 0o ool 000 020 GO0
FLX-CRM 108 Cerficate 456 BEIS 00 287 0T4 216 022 o080 MO0 3 408 019 oM
FLAE-CHE 11 - S5PUEGE - 58 F R LEih E& A0 1k 1 2ar i a1t [ ] [K] HR | 132 L 014 [EC
FL¥-CRM 106 - SSP03SE - 34 FECOS-0M94-DE 483 €518 000 2@ of® 216 023 00 0417 00 3 Q0% 018 oM
FLCCRM 128 Mearn 4537 €598 000 287 oT@ 247 023 o0 047 2000 233 008 041 o
Diff. batwaen certificate mean and duplicates a,04 Ga3 000 @60 06 082 a6 o 000 406 0 002 001 @00 000
Litereree boTaven duphcahes EAl K 10s e L5 -nm -1 (AN | (K] iLIHE L1 N I Y by i1 1N} o [E kK]
FIE-CHM 10 Correats 47 EEAZ DM 018 08 oRs a03 00h 0 FR FER OO0 017 moo
FLE-CHM A0 - B5P111E - 55F FRCO-08e06 40 BRM oo U4 o:h o DER 4l oor o 0 AEs ERe 0 Odr o
FILCCRM 110 - S5P1119 - SSF FHCOD-0194-08 470 &320 OO0 042 085 062 003 oe 00 283 28| 0 017 Gi0
FLECRM 110 Ween 471 G225 000 D12 085 O0EF 003 007 004 204 228 DM 017 00
Ditf. betwoan cortifiosts mean and duplicates 0,04 ai3 o008 006 004 002 000 QB2 000 04T 040 000 000 000
Lifterenon hehywoen duphcanas ILIH 108 1o AL 0Lkl (el GLIRE 13 01 1L N LR nm L 0Lkl [EIEE]
FLX 13T Cerlifeae 1,88 30r ov 1 027 0T 278 3T 006 022 003
FL¥-137 - S5P1248 - S5F FXCOn9:08 502 ool 304 08 1EE 027 013 0aT 2050 211 00 0231 Goa
FLE-TAY - B5P184 - 55F FRLR-O1H.08 h 2 [ELEN} 404 [} 1.5 Ay g s AhA 210 i X [k
FLE-13¢ W b2 nm 404 [ | 157 a2 [ERE nir i R 30 Rl 0323 [ s
Diff. Betwesn certificates mean and duplicates 0,03 g -003 Q03 007 000 o011 000 D22 007 000 A 000
Cilferenize belvssn duplcaies 0.0 oo 0,00 (ilii] oce 000 Oy 0,0 0,05 [KAui] 0.0 L] 0,00
Fl 135 Lorreahs 4.3 i gl 1,14 (LN 1,04 &1 [ERE] 1 RERAH] 244 i 1% oz [k
FL¥-130 - B5PD3%E - S5F FECOR-MPe06 446 B34 000 1P6 020 1DE a1 0T DAE O 18R 2 0% 023 o
FLEA30 5500384 S5F FECOD 9408 445 &332 o0 178 0@ f0s o1 o4 04E 0 1883 249 04% 023 o
FL¥-128 Mesn 448 BBS1 OO0 178 0@ 105 011 008 013 18083 248 018 023 00
Diff. betwean cartificata mean and duplicatas 0,07 a0 oo 002 002 004 001 0GB 000 047 004 000 90 001
Lifteranse hohuonn duphcatas A ek e Ay -0 L £1AHE (KA e ] L) K] L I0C I K} | 11 1N} 0Lkl (K]

“When seven CRM cements are required, as for demonstrating the performance of rapid test
methods, at least six of the seven shall be within the prescribed limits and the seventh shall
differ by no more than twice that value.” [1]
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[1] ASTM C114-18 (2018)
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