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Aertificate of Analysis

Standard Reference Material 496
Unalloyed Copper - Cu Il
{In Cooperation with the American Socloty for Testing and Materials)

This Standard Reference Material (SR M) is in the form of rods 6.4 mm {1/ 4 in) in diameter and 103 moe (4 indlong. ¥ The
SR is mtended Tor use in trace analysis of copper materials, 1t s designed for all technigues applicable to composh-
tonal analysis of unalloved copper and it is particularly well suited for calibration with optical emission methods of
analvsis.

Cerntified Curtified

Value® Estimated Valug" Estimated
Blement Bgle Uneertainty Element ugle Uncertainty
Antimony” <1 .u e Nickel” 4.2 0.2
Arsenic” <02 .o Sclenium” 0.62 0.04
Bismuth” 0.07 0.03 Silver® 3.2 0.
Chromium’ 4.3 0.5 Suifur’ 9 2
Cobalt" 0.4 0.1 Tin® 0.8 0.3
Lead® 0.4 0.1 Zine® 5.0 0.5
Manganese” 7.3 1.0

Corilied
Elernent Value" Estimated Uncertainty”
Peroent by Weight

Copper’, assay 9995 0.01

"The valus lsted for an coment ix the presens bewt extimote of e "true™ value based on the resulss of the gn vtical progeem for cortll
“The estimated wnserisinty Hsted Doy o constituens s based on judgment and represonts an cvaluation of the combined offects of method imprecision,

sible sestematic sreors armong methods, and smaterial variability for samples of 1.0 g or more, Mo attempt wis made to dertve sxact statiatioal
s af imprecision because several methods were meolved in the analvsis of most constituems.
“Yaluns for 85, As D1, Co, Mr, S, Sn, T, :ma} Cuare based on gn of determinations a2 NBS and sooperating nboratories: vaues for B
ek 5 are based an sgresment of d { at 1 ing laboratories.

.
“Walues for Pb, NL and Agam mm of deierminatioes st N ﬁ'« by twa ar o of the following m
spestrametry, boveple diludon mass spectromenry, peatron sotivaton aealvsis, polesography, and

hods. atomis absorption and Deme emisslon
K somron Muss SPeCITOMEtsy.

*Material froon the same oziging! Ingot was procesiedt te tee form of sreall chips, dovignated SRM 388
Gaithershurg, M 208599 Stanley [ Rasherry, Chief
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53‘1‘ ANNING, PREPARATION, TESTING, ANALYSIS: This material is one in o series of vwelve diffesent compast-
wehmark”™ materials, O 07 through Cu X1, that were being prepared in a cooperative Indusiry-

fer the preparation of Cu UL, was supplicd by Magma Copper Companv, San Manue! Divison, San
Selting and m&tin,b were done af the Bsco Corporation, Portland, Qm

e resaits, primarily by eptical emission methods of apalysis, indicated a vseful concentration lovel was
§m§ of the desived impurity elements and the ingot was accepted, Thr preliminary snalvses were performed
| lnhoratories of:

Company, Primary Metals Division, Raritan Copper Works, Perth Ambov, NI, P.F
apd AL, Stmon,

Haols Mining Company, Lakeshore Project, Casa Grande, Ariz, N, Clani,

Bennesott Copper Corporation, Ledgemont Laboratory, Lexington, Mass., F.1 Ledpeiger,
Lo P g

Eannacot ( inrich,

wer Corporation, Kenpecott Research Center, Salt Lake Clty, Uah, AP, Langh

¥

Rennecott Copper Corporation, Utsh Copper Division, Refinery Plant, Magna, Uhah, NN, Linde

Rennee Refining Corporation, Baltimore, Md,, A A, Dileonardi,

e {:‘szﬁvwr{ ampany, San Manuel Division, San Manuel, Ariz, T, Young and 8K, Young.
dpe Refining Corporation, El Pase Works, Bl Pase, Tex., AL, Cardinal,
s Relining Company, AMAX Copper Diviston, Carterer, N5, R.M. Kennedy

o processed by the TLS, Buresn of Mines, Albany, Ove., BOA, Beall, o provide material of the highest
neity, both in billet snd rod forms. The ngot was approximately 24 om (9 170 ind in ameter, 81 om
waighing about 318 kg {700 th). The ingot was forged w produce a bar 15 em (6 ind square. Five peroent
vixluene was cropped from the end of the bar representative of the bottom of the wag&mai ingnt and Niteen

e top, The bar was then eut nto equal lengths of approximately 46 oo {18 in) 1o form three billess, One

rinot m} of the rod material, was cut lengthwise forming six owter sections 38 am {1 1/ 2in1 x 7.8 am i L ind with the
gection 7.5 cm (3 o) square discarded. Two of the six sections were upset Torged to produee smatl bars 13 mm
{10 w\i sgpuare and these were swaged (12 ik and cold drpwn to the i o of 635 e (0,250 ind in diameter

Following gach fubrication step the material was annealed and unmlw\w«z«»mmmihm ks aned for Tolds were romoy

v proceeding with the next abrication operation,

Conperative homogeneity studies were made at Kennecott Refining Corp., Baltimore, Md., by optical emission speetri-
chemical anclyvais, A A Dileonardl. Extensive homogeneity studics were made at MBS Boulder, by residual resistivity
ratio messurements, LG, Hustand st NBS Washington, by chemical analvees (see Hsting below), The rosults indicated
the maximum gross material vartability (o be less than 39

mical analvies of the Cu TH chip material wore made on composite samples in the Tollowing analyvtical

snaconda American Brass Company, Research and Teehnical Conter, Waterbure, Conn, 1T, MeCrackan and

'%’,M
Anghe American Corporation of South Afrien Limited, Johannesburg, Republic of Souwth Africa, B, Murraw-Smith

ert Brass Company, Brdgeport, Conn, AW, Young,




Carpenter Techoology Corporation, Researeh and Development Center, Reading, Pa., CT. Polinko,

Council for Scientific and Industrial Research, National Physical Research Laboratory, Pretoria, Republic of South
Afriea, LE.F. Butler, DuB. de¥illiers, and JLH. Wepener

International Nickel Company of Capmda, Limited, J. Roy Gordon Research Laborstory, Sheridan Park,
augn, Ontario, Canada, St LH, Blakeley.

er Corporation, Ledgement Laboratory, Lexington, Mass., F I3 Leipeiger,

e Corporation, Kenneoott Research Center, Salt Lake Cite, Utah, AP, Langheinrich.

L
13

Eennecott Refining Corporation, Baltimore, Md., A A Dileonardi,

Nations)l Rescarch Council of Canada, Division of Chemistry, Ottawa, Canada, 1.8, Russell

Phelps Dodge, Copper Products Company, Elizabeth, N.J, LR, Conniff,

L

Phalps Dodge Refining Corporation, Bl Pase Works, Bl Paso, Tex., AL, Cardinal,

Refining Corporation, Lawrel HIl Works, Maspeth, NY., WD Charles and B, Kretschmann,
e and Brass Incorporated, Rome, N.Y., 5. Glessner,

Diivision, Waterbury, Conn., E.DD. Wade,

ican Bureaw of Standards, Physical Chemistry Division, Pretoria, Republic of South Afrie
and §3ﬂ@ &” idendaal,

. HP. Bevess

Southwire Company, Copper Division, Carrollion, Ga., G.5. Bowers,

Avstyses were performed in the NES Analytical Chemdstry Division by the following: LL. Barnes, I3 A, Hecker,
K. Mix R, W Burke, B.L Diamondstone, L.J. Powell, M.S, Epstein, EL. Garner, TE Gills, LW, Gramlich,
i L Lz, LA Machlan, EJ. Maieathal, T.J. Murphy, .1 Paulsen, T.C. Raing, H.L. Rook, T.A. Rush,

ive spectrochemical analyses made on the chip SRM 396, vs. chips representative of the leading and trailing
od BRM 496, by two laboratories:

fning Corporation, Baltimore, Md., AA. Dileonardi,
v Company, San Manuel Divison, San Masuel, Ariz, $.K. Young

a neutron activation analyses (same as indioated In 2 aboved for determination of selocted elements: S,
g, ard Lo, by GO Lot and HLL. Rook, NBS Analvtical Chemistey Division,

It froen the same oviginal ingot, this material in rod form, SRM 496, differs somewhat from the material in chip
w396, both in composition and the estimated unceriainties associnted with the certified values, Forexample,
ogeneity of the ron in the rod material precluded cortification of this element. In general, the estimated
iateed with the certified values for this rod matorisl are greater than the compardon cbi P materisl
differences in composition that exist over the rod length. (These difforences were minimized M virtug of
poration of the chip materiall Ultimaely, the axygen content of this rod material is 2x ed to be
(The oxvgen content of the chip matecial cannot be certified beeavse of corrasion (oxidation] of the small

The overall dirsetion and coordination of the preparation and fabrication of this material were performed by LG Hust,
WOB. Kasen, and R.P. Reed, WBS, Bovlder, Colorado.

The gverall coordination of the MBS acalytical measurements leading 1o contification was under the direction of
¥

ul support aspects invalved bn the preparation, certificatiog, mai issuance of this Standard Reference

re poordinated through the Office of Standard Reference M ateriad . Michaelis




ADDITIONAL INFORMATION: Desalls concerning the planning, preparation. testing, and analvsis of this material

and other copper “Benchrmark” materials are 10 be published bn an WBS Special Publication {260 Series). Information
that should be of immediate interest to the user nboratories follows:

Prior 1o using this rod SRM (especially after any machining, cutting, or drilling operations) the specimen should be
etched to remove any contaminated material, (Suggested etoh: wse a 1) solution of nitric actd, follow with a 11 solution
of hydrochlorie aaid, rinse with disiilled water, and dry in air on Olter paper.)

Elements other than those certified may be present in this material as indicated below, These are nos cvrtified but are
given as additional Information on the composition.

Blements Detected Infarmation Valug, pgig
Aduminum =
Cadmivm 0,63
Gold (<05}
tron [~ [50)
Magoesium o
Oxvgen {70%
Silicon =2
Tellurium (0.0
Elements Not Detected

Caloivm 03
Titanium {03)

SRM 496
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