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1. Foreword

In nuclear research and industy, particularly in the fuel cycleas well asfor safeguards the accuracy of
analyses is a primordial factor:

- To optimize the operation of facilities;

- To prepare accurate reports concerning the movements of fissile materials;

- To enable sure, efficient monitoring of nclear matter accounting;

- To characterize nuclear waste and orient it towards suitable treatment and storageutes;

- To monitor releases into the environment, which must meeincreasingly strict regulatory
requirements.

As part of its missions within the Fench CEA, the CETAMA participates in the improvement of analysis quality
through the organization of interlaboratory comparisons (especially the EQRAINnterlaboratory comparisons
-known in Ereoaohtasd"Evaluation ayse |daan@Guall’iltnéd dmt rR ées u
in the production of reference materials which are often certified (CRMs)

These CRMs can be usdor :

- The calibration of measurement systems;
- The validation of analyical methods ;
- The preparation of secondary refeence materials

The CETAMA GRMs areresentedaccording tothe following categories:

- Reference materialawith a certified elemental content E
- Reference materialawith a certified isotopic composition _
- Reference materialawith a certified impurity c ontent [:
- Reference materialswith a certified specific surfacearea C_

It is worth noting that certain CRMscan befound in more than onecategory. For example

- TheMP2material is certified for its elemental content, its isotopiccomposition, and itsmass
- The STAMmaterial is certifi ed for both its elemental content and its isotopic composition

The CETAMAalso provides non-certified reference materials (RMs). . )
CETAMA
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2. Production of reference materials
The CETAMAprepares these materialsin accordance withthe objectives and needs of the nuclear industry
better accuracy for analysis results, new materials to analyze, nespecifications to check as well aspreventing
any shortages inthe CRMstocks available.

All the CRMproduction operations, carried out acording to the principles of the NF EN ISO 17034tandard
“Gener al requirements for the ¢ ompremanagedand cobrdimatedbye r e n ¢ ¢
the CETAMA recording of needs lot size, choce and supply of the materialimplemented, purification,
verification of homogeneity andstability, packaging certification (measurement data processing degermination

of the characterizatiorl ancertainty value, determination of the uncertainties related tohomogeneity and to

stability ,issueof thecertificate).

Theseoperations are distributed amongdifferent French and international expert laboratories, depending on
their specialized skills.

3. Certificate

Each CRM is accompanied by a certificate specifyif@ a minimum) the certified values with their associated
uncertainty, the instructions for appropriate use and storagethe certification date, the validity period of the
certificate, the analytical methods used for thecertification, and metrological traceability information concerning
the certified values

The certificates are available on request.

The noncertified Reference Materials are accompanied by product information sheet specifying @t a
minimum) the measurandvalues, the instructions for appropriate use and storagdhe the validity period for
the information sheet and the analysis methods usedddditional analytical data may be supplied as indications

4. Dual use g@ods
Certain materials sold by theCETAMAare classified as dual use itemsand as suchrequire a customs export
authorization. A request for an export licerse may thus be necessary in orderto ship the materials
internationally . The codes of theharmonized customs system (called HScodeg are indicated in thecomments
sectionfor each material

5. Availability and ordering

For information regarding the availability and the prices of these CRMpleaseaddressyour request to:

Commi ssariat a |’ énergie atomique et
CEA/DESISEC/DMRC/CETAMA
Centre de Marcoule
BP 17171
30207 Bagnolssur-Céeze cedex France

MmN

cetama@cea.fr
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6. Reference Materialsvith a certified elemental content

6.1. Americium materials

Refeence  Matrix Certified amounts Packaging Comments

(5.696 £ 0011)
nmol.g?
(1.3845 + 00026)

Hg.g*

243Am

(0.7754 + 00015) Certified value on ®t
Nitric ~ 2*Am IS, 7 5.5g of January 2017
solution Ehaigaer 1100036) americium i_n
STAM e H9.9 3.5 ml of nitri ¢
' acid solution

1M
(6.472£0012)  (glassampoule) e 5544 435000)
nmol.g!
(1.5716 + 00030)

Hg.g?

Certifi ed isotopic
composition (cf. §7.1)

Am

(242.821094

M(AM) 5 000085) g.mok

6.2. Neptunium materials

Certifi ed neptunium content

Reference  Matrix (9.1 at 20°C) Packaging Comments
227N Nitric 5 ml of solution
: 1.0210 £ 0.0052 (sealed glass (HS 2844 432000)
sol 99 solution
ampoule)

5 ml of solution

237 itri
Np Nitric 1.0140 + 0.0090 (sealed glass (HS 2844 432000)
sol 05 solution ampoule)

5 ml of solution

237TNp Nitric
: 1.0080 + 0.0060 (sealed glass (HS 2844 432000)
sol 07 solution
ampoule)
CETAMA
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6.3. Plutonium materials

Certifi ed plutonium content

Reference  Matrix (g.kg) Packaging Comments
Certified value on 12
March 2001
Plutoni 04t00.79g Certified isotopic
MP2 ‘r‘n‘ért‘gl‘m 999.0 + 0.4 (sealed double ~ composition (cf. §.2)
glass ampoules)
Certified mass +12ug
(HS 2844 209900)
Certified value on30th
June2023
Certified isotopic
composition (cf. §7.2
Plutonium IRG I i ( )
MP4 metal 998.06 + 0.38 (Isealeddoutlale Certified impurities
glassampoules) content (cf88.1)
Certified mass+20ug
(HS 2844 209900)
Certified value on21st
June 2019
" 10 ml of solution
ESLiAQIN Sg'&;‘gn 12411 +0.0015 (sealed glass  Certified isotopic
ampoule) composition (cf. §7.2)
(HS 2844 209900)
CETAMA
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6.4. Uranium materials

Certifieduranium

Refaence  Matrix

content(g.kg?)

Packaging

ccecTAMA

Métrologie et Analyses Chimiques

Comments

Uranium 0.4 to 15 g (sealed Natural Uranium
e metal SRS B 008 glassampoule) (HS 2844100900)
10 sintered pellets .
. ' Natural Uranium
0.4 g unitary mass
QL8 U S22 L (sealed glass (HS 2844109000)
ampoule)
OTUL  UsOs  B847.74+082 25 (plastic vial) NEEY LU
3 T 9 (HS 2844109000)
lllite pitchblende,
MIN A Ore 3.214 £ 0042 200 g (plastic vial) at radioactive equilibrium
(HS 2844100900)
Granite pitchblende,
MIN B Ore 1.639+0016 200 g (plastic vial) at radioactive equilibrium
(HS 2844100900)
Autunite granite,
MIN C Ore 40.43 + 021 100 g (plastic vial) at radioactive equilibrium
(HS 2844100900)
Pyrite pitchblende,
MIN D Ore 0.650 + 0016 100g 2009 at radioactive equilibrium
(plastic vial)
(HS 2844100900)
Sandstonepitchblende, at
MIN E Ore 4.343 + 0052 100 g (plastic vial) radioactive equilibrium
(HS 2844100900)
Colophanite,
MIN F Ore 0.140 + 0006 100g or200g at radioactive equilibrium
’ - (plastic vial)
(HS 2844100900)
CETAMA
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Certified uranium

Reference  Matrix content (g.kg?) Packaging Comments
EQRAIN Nitric 10 ml of solution Natural Uranium
uis solution 196.21 + 020 (sealed glas
sol 61 ampoule) (HS 2844109000)
EQRAIN Nitric 10 ml of solution Natural Uranium
uis solution 122.58 + 013 (sealed glass
sol 62 ampoule) (HS 2844109000)
EQRAIN Nitric 10 ml of solution Natural Uranium
ul6 solution 196.61 + 020 (sealed glass
sol 63 ampoule) (HS 2844109000)
EQRAIN Nitric 10 ml of solution Natural Uranium
ul6 solution 51.747 £ 0052 (sealed glass
sol 64 ampoule) (HS 2844109000)

6.5. Uranium and plutonium materials

Reference  Matrix Certifi ed content (g.kg?) Packaging Comments
Plutonium certified value on
U 106.52 £ 0.13 26t April 2018
" 10 ml of solution Certified Pu isotopic
EQRAIN Nitric o
(U+Pu)2  solution (sealed glass composition (cf. §7.2)
ampoule)

Natural Uranium

Pu 11192+ 00013
(HS 2844205900)

Plutonium certified value on

U 116.580 + 0058 26t October2021

o 10 ml of solution Certified Pu isotopic

(i??;ﬁ)lgl S(I;llllilign (sealed glass composition (cf. §7.2)
il Natural Uranium

Pu 59700+ 00036
(HS 2844205900)

CETAMA
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7. Refaence materials with a certified isotopic composition

7.1. Americium materials

n(24LAm)/ 0.136138 +
n(243Am) 0.000054
m oy -
S nesAm) 0880069+ 5.5ug of  Certified cncentration
Nigie S n(am) 0.000042 americium (8 E5ell
- kS in 3.5ml of L
solution — L . Certified value onlst
STAM " orox. & n(2Am)/ 0.119810 + nitri ¢ acid Januam2017
pr 8 n(Am) 0.000042 solution J
(s (HS 2844 432000)
n(242Am)/n( 1373104+ ampoule)
2o 22am) 0024104
i
S £ n(e2Aam)/in( 1.208.10 +
- Am) 0.021.10+4
CETAMA
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7.2.Plutonium materials

Métrologie et Analyses Chimiques

Certifi ed valueon 1st

100 pg of January2000
) Pu in dry . .
MIRF 01 T UtOniUM p osopym( 2e0py)  0:9783 % extract ~!sotopiccomposition
nitrate 0.0005 form (glass  9iven as arindication
vial)
(HS 2844 209900)
n(=ePu)/ n(2ePy) QLS00
' Certified value on1st
0.2704 = January2023
n(23Pu)/n( 242Pu) 50018 10 ml of y |
Nitri ' solution ~ Two Pu concentration
itric levels:
242py . 0.57100 + sealed
solution  n(240Pu)/n( 242Pu) 0.00028 (glass C1=0.99.kgt
0.1992 + ampoule) C2:4.5mg.kg?
n(24Pu)/n( 242Pu) . .
0.0014 (HS 2844 209900)
n(4Pu)in( 22P)  FSLE
CETAMA
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3.083.105+

n(238Pu)/n( 239Pu) 0.029 105

Certified valueson 7th
November 2006
2.24324.102% 0410079 piyonium certified

n(z4Pu)n( 2°Pu) "9 15051 102 (sealed

i tent (cf. 6.3
o Plutonium double content (cf. 8.3)
metal glass
Certified Mass+12ug
4
n(241Pu)/n( 23¢Pu) 263()738i1](_}04i ampoule)
T (HS 2844 209900)
5
n(2Pujin( 29Pu)  (PTOANE
5
n(28Pu)/n( 2Pu) 163172'110051
Certified valueson 30t
June2023
2
n(240Pu)/n( 23°Pu) 166(?33;51303 O'?Stga?é?jg Plutonium certified
' ’ ’ content (cf. 8.3
Mps  Plutonium double (cf. 8.3)
metal g|ass e
2796.105 + e Certified Mass 20ug

n(241Pu)/n( 23°Pu) 0.046.105
o (HS 2844 209900)

6.16.106

n(242Pu)/n( 239Pu) 0.19.106

The plutonium certified isotopic ratios of EQRAIN Pu and EQRAIN (U+Pu) solutions are identical of those
of MP2.

CETAMA
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7.3. Uranium materials

ccecTAMA

Métrologie et Analyses Chimiques

Certified value on1st

209113 ofU January2000
Inary . . .
MIRFO2 @MWl omyyn( zeyy 09681+ extract  ISotopic composition given
nitrate 0.0010 form (glass as an indication
vial) (HS 2844 431000)
4
i n(233 U)/n( 238 U) 208(?]:!'11](-}0-41
x o 1 g ofUsOs Certified value on 1st
<§( UsOs n(235U)/n( 238U) 1.1152.102% (sealed January1996
i 0.0010.102 glass via)
EJ) A 4.098.103 + (HS2844 203500)
0.006.103
3
x — 1 g ofUsOs Certified value on1st
= 4.7746.102 J 1996
< UsGs n(z=U)n(28U) 35045 102 (sealed anuary.
. ' lass via
Wy U ) Tt e ) (HS 2844 203500)
0.001.102
CETAMA

Commi ssariat a |’

énergi e

Centre de Marcoule B. P.17171
30207 BAGNOLS SUR CEZE CEPERANCE

Email : cetama@cea.fr

Reference materials - Catalogue

-12 0f 23 -

atomi que

et

aux

Version-2024-v1-En

éner ¢



Alternative Energies and Atomic Energy Commission

Analysis method establishment committee

ccecTAMA

Métrologie et Analyses Chimiques

8. Refaence materials with a certified impurity content

8.1. Plutonium metal matrix

Certified content

Reference Matrix Packagin Comments
(mg kg?) oo
Certified valueson 30t
Uranium 896 + 53 June2023
Plutonium certified
content (cf. &.3)
. 0.3t0 05 g (sealed
MP4 Plutonium seulla 6l e .
metal Americium  99.3+3.3 Qe gliEss Certified isotopic
ampoule) composition (cf. §7.2)
Certified Mass 20ug
Carbon 48+ 11
(HS 2844 209900)
8.2. Uranium metal matrix
Reference Matrix Qs ccl)ntent Packaging Comments
(mg.kg?)
Slightly depletedUranium
50 samples with
Uranium 1g unitary mass  Uranium/Vanadium Alloy
QLSRN0 metal S ZATES LD (stainless steel (0.2% Vanadium)
vial)
(HS 2844301900)
Uranium Eio i?]?ggrlesm\/:;g DB
GIHIRA L, metal I SR 1 (gtainles)é steel
. (HS 2844301900)
vial)
CETAMA
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8.3. Uranium oxide matrix

Certified content

Refaence  Matrix (mg kgt of UG) Packaging Comments
- Cl 179+ 10
¢ F 32.7+11
g% N 45.2 = 33 100g ofUO
VIOGNIER UG B 432+18  owder (plastic  (HS 2844 301900)
o vial)
= 0
83 Br 44
-g >
CETAMA
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Centre de Marcoule B. P.17171
30207 BAGNOLS SUR CEZE CEPERANCE
Email : cetama@cea.fr

Reference materials - Catalogue -14 of 23 - Version-2024-v1-En



Alternative Energies and Atomic Energy Commission

Analysis method establishment committee

Reference Matri x

Certifi ed content

(mg.kg! of U)

ccecTAMA

Métrologie et Analyses Chimiques

Packaging Comments

Ag 0.07 £ 004

Al 91+28

Ba 0.56 £ 024

Be <02

Bi <02

Ca 62

Cd <015

Co <025

Cr 1.04 £ 049

Cu <036

Dy <013

Eu <0.02 o _

Fe 117+ 71 Natural Uranlu_rr_w isotopic
composition

g: : 8(4)(; 25 g of U308.

AEARIE UsGs In <006 powde_r (plastic Total impurities:
Li <024 vial) <45 mg.kgt of uranium
Mg s (HS 2844109000)
Mn <022
Mo <05
Pb 0.21 £ 001
Si 5+2
Sm <014
Sn <040
Th 1.34 £ 018
Ti <035
V <0.05
w <020
Zn 0.73 £ 011
Zr 1.71 £ 019

CETAMA
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Certifi ed content

ccecTAMA

Métrologie et Analyses Chimiques

Reference Matrix (mg.kgiof U) Packaging Comments
Ag 2.09° 046
Al 227°29
Ba 1.09°0.12
Be 54°10
Bi 052° 0.82
Ca 395°0.71
Cd 124° 1.3
Co 0.53° 0.09
Cr 1.02°0.11
Cu 9.37° 055
Dy 10.36° 0.77
Eu 0.20° 0.07 Natural Uranium isotopic
Fe 0.21° 0.05 composition
g? 25358° 01.398 2590f UsOs. Total impurities:
BOLET UsGs : - powder (plastic otal Impurities.
In 2.11°0.39 vial) 245 mg.kg! of uranium
Li 5.75°0.77
(HS 2844109000)
Mg 4.66° 0.37
Mn 488° 0.49
Mo 182°1.1
Pb 6.61° 0.80
Si 286°5.1
Sm 0.23° 0.06
Sn 4.38° 0.88
Th 290° 0.89
Ti 5.09° 0.64
Vv 455°0.33
wW 93°15
Zn 96°26
Zr 9.7° 20
CETAMA
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Certifi ed content

ccecTAMA

Métrologie et Analyses Chimiques

Refeence  Matrix (ma.kgt of U) Packaging Comments
Ag 50+£06
Al 51+3
B 11+04
Be 086+ 0.10
Bi 52+05
Ca 56+ 7
Cd 11+04
Co 52+1.1
0 Cr 496+4.1
S cu 264+ 34
S  Fe 122 +10
" 3 Ga 28+06 Natural Uranium isotopic
= = 11+1 composition
] £ Mg
o 3 25 gof UsGs _ .
= UsOs Mn 99217 powder (plastic Total impurities
<z( Mo 54+4 vial) 642 mg.kg! of uranium
T Ni 50+3
@) Pb 45+3 (HS 2844109000)
Si 35+9
Ti 98+21
Y 94+13
w 181+26
Zn 44+ 4
Zr 24+7
(%]
E
g
0 Sn 53+07
g
=
CETAMA
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Certified content

ccecTAMA

Métrologie et Analyses Chimiques

Reference  Matrix (mg.kgt of U) Packaging Comments
Ag 104° 1.6
Al 99° 6
B 38°16
Ba 96°04
Be 54°06
Bi 244°19
Ca 93° 8
Cd 49°0.7
Co 9.8°20
Cr 99° 2
Cu 502°10
4 Dy 0.50°0.06
= Eu 052°0.03
% gz 315166° 0%2 Natural Uranium isotopic
= ' : composition
s In 94°10
§ L 50°0.2 25g0fUs0s powder Total impurities:
MORILLE | kO Mg 193°15 (plastic vial) 1557 mg.kgﬁ)of uranium
Mn  245°05
Mo 147°5 (HS 2844109000)
Ni 147° 3
Pb 101° 3
Si 100° 8
Sm 050°0.12
Sn 185°56
Ti 49.2°26
\Y 48.7° 28
w 100° 9
Zn 986°55
8
73 Th 6.2° 08
2
5
S Zr 599° 41
CETAMA
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Reference Matrix Certified content Packaging Comments
(746.5 + 41)
U g.kg! of dry
ammonium
uranate
(%))
E - (1285 + 30)
S mg.kg?! of U
3| R (42.7 £31)
= mg.kg! of U
= (25.0 + 11)
8 Mg mg.kg! of U
(30.3+21)
E e mg.kg! of U
< (68.2+61) 20 g of
o : Zr go
@ ATBILT mg.kg? of U ammonium  (HS 2844 109000)
= uranate \ <0.34 uranate
E La 0.0083+0.0047
Ce 0.0178+0.0065
Sm 0.0041+0.0012
.~ EU 0.00068 +0.00032
o ad 0.0045 +0.0023
sg Tb 0.00054 +0.00018
o Dy 0.00262 +0.00066
Z<  Ho 0.00049 +0.00012
22 Er 0.00129 +0.00039
2 Yb 0.00126 +0.00053
T Lu 0.00020+0.00011
Pr <0.0088
Nd <0.043
™ <0.00061
Reference Matrix CEMEE el Packaging Comments
(g.kg!of ammonium uranate)
Fe 0.108° 0.030
-
> . @ 50 g of
Ammonium Na 0.050° 0.010 .
% ppp—— PO 0.211° 0.036 ammonium (HS 2844 109®M0)
o0 : ' uranate
SOz 20.50° 0.06
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Refeence Matrix e content Packaging Comments
(g.kg! of magnesium uranate
L||_J Ca 1.29° 0.10
Q Magnesium I(::elz ;gi ° 8(1)2 S
= 9 S magnesium (HS 2844 109000)
0 uranate Na 308° 1.0 uranate
<§( SIO 2.79° 0.18
SQ2 23.7° 1.1
Fe 4.74° 0.05
% Mo 153° 0.09
5 Na 26.2° 09
a Magnesium \Y 0.684° 0.025 S0 gof
LLI)J uranate 7 208° 009 magnesium (HS 2844 109000)
a i : : uranate
ZE) SO, 476° 0.32
POy3- 1.25° 0.06
SOz 122°09
Ca 9,13° 0.15
- Cl 3.21°0.25
<Z( T Fe 6.39° 0.04 50 g of
s Na 222°05 magnesium (HS 2844 109000)
= uranate o, 29.7° 0.6 uranate
POy3- 5,58° 0.29
SO 5.30° 0.27
As 146° 0.12
LéJ Ca 17.7° 21
2 Magnesium Fe 403009 S0 gof
ﬁ uranate Mo 0.38° 0.06 magnesium (HS 2844 109000)
s Zr 9.95° 0.26 uranate
- SiO, 14.3° 09
SO 148° 1.2
L Ca 1.35° 0.12
E VEGRECU Fe 2.90° 0.06 50 go_f
g uranate Na 31.6°1.0 magnesium (HS 2844109000)
N PO,3 1.22° 0.07 uranate
= SQ2 431°0.33
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Reference Matrix (9.kgt of sodium uranatd Packaging Comments
Fe 0.303° 0.019
- Mo 0.558° 0.027
< . Na 81.2°23 50 g of
& DL Zr 138° 0.6 sodium (HS 2844 109000)
o uranate ;
0] SIO; 141°0.10 uranate
CGz 21.1°18
SGz 8.72°0.14
8.5. Glass matrix
Reference Matrix C(er;tlg'_iglcgfnb? nt Packaging Comments
SO, 4452 ° 0.67
B203 13.38° 0.28
Na.O 9.23°0.19
CaOo 3.66°0.19
Nd>Os 3512°0.042
Fe:Os 2.921° 0.040
ZrO; 2.771° 0.035
Zn0O 2.383° 0.032
o MoOs 2.221° 0.030
= Li2O 1.951° 0.034 Natural Uranium
2 La:Os 1521° 0.034 isotopic composition
Ground & C=0 1.361° 0.019
VERRE uranium = BaO 0.865° 0.029 25 gof UsGs Total impurities:
LCV | xidetype O @ RuG 0.853° 0.016 powder 642 mg.kgt of
UOX glass Pd 0776° 0.022 (plastic vial) uranium
Pr,0s 0.660° 0.021
MnO.  0.470° 0.016 ke e ety
SrO 0.402° 0.013
P20s 0.220° 0.011
NiO 0.080° 0.010
Cr0s3 0.0501° 0.0063
SnG 0.0300° 0.0038
o Te 0.205° 0.017
20
;‘g % Alz0s 4.183° 0.072
>
= CeOs 1.221° 0021
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9. Refaence materials with a certified specific surface area

Specific surfacarea certified

Refeeence  Matrix (m2.q) Packaging Comments
SYRHA UG 341+ 004 1og @den (HS 2844 301900)
powder

10. Refaence materials
The values given in the following tables arendicative only and are given without uncertainty levels

10.1 Organic compound reference materials

Reference Purity (kg.kg?) Packaging Comments
DBP 0.991 50 ml of solution /
H.MBP 0.992 50 ml of solution /

10.2.Uranium metal reference materiat FLORALIES

The Horalies are natural uranium chips(HS 2844109000)in metallic form, stocked inparaffin oil.

Content (g.kg? of uranium)

Refarence Packaging

Ag AL B Co Cr Cu Fe Mn Mo Ni Pb Si Sn Zr

Bleuet 1'\%555 <05 40 =@ 4 5 12 70 6 7 24 15 70 <2 25
Dabhlia 0.5\I/igillass 0.6 90 0.8 8 140 72 450 32 30 290 2 40 7 70

. 1l or 2I
Eglantine . 12 120 0.25 15 15 7 38 4 50 50 15 13 20 110
glass vial
Fuschia 0.5\I/igillass 13 150 0.35 26 17 23 200 60 95 110 25 110 20 150
CETAMA
Commi ssariat a |’ énergie atomique et aux éner (

Reference materials - Catalogue

Centre de Marcoule B. P.17171
30207 BAGNOLS SUR CEZE CEPERANCE
Email : cetama@cea.fr

-220of 23 -

Version-2024-v1-En



ce Alternative Energies and Atomic Energy Commission CCTAMA

Analysis method establishment committee Métrologie et Analyses Chimiques
Iris 1Ior2_| 10 / 02 <1 4 27 3 130 6 6 <10 115 13 <5 10 3 <5
glass vial
Kenti a O'SI.QIaSS 120 13 |/ / 5 9 13 10 / 12 20 480 40 <5 40 3 5
vial
Romarin 2 glass 270 <A 25 7 8 95 5 25 6 40 25 <50 30
vial
Sauge 1 glass 465 02 5 12 13 200 10 51 13 40 50 <50 50
9 vial
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