ANALYTICAL REFERENCE M ATERIALS | NTERNATIONAL
CERTIFICATE OF ANALYSIS

Grade: Greek Ascoloy

Part Number (Q.A. NO.): IARM 20C
Certification Date: 05/30/1998 Certificate No.: 20C-053098-ARM-F

INTERPRETATION OF DATA

1. Certified values listed below reflect analysis results submitted by qualified analytical laboratories using a combination of methods and instrumentation that emulate actual methods and instrumental techniques currently utilized in the
analytical community.

2. Any datareported and enclosed by a parentheses ( ) isa " best estimate" and is NOT CERTIFIED. This data could not be quantified sufficiently for certification. It was however, reported by enough laboratories to be considered
as potentially present in the matrix of the material being examined.

3. The"Inter-laboratory Anaysis Program” (ILAP) utilized in the establishment of the data are an ongoing program with permanent membership. Certain elements may be selected by a consensus of the members for more extensive
testing. Therefore the datain brackets[ ]indicates further testing isin process.

4. The" Confidence Interval at 95%" isenclosed by a parentheses ( ) below the individual element's concentration.

IMPORTANT: A "USER REGISTRATION CARD" ACCOMPANIESALL SHIPMENTS. THIS CARD SHOULD BE COMPLETED IMMEDIATELY UPON RECEIPT OF MATERIALSWITH THE
APPROPRIATE USER INFORMATION. THISISTHE ONLY WAY IN WHICH ARMI CAN GUARANTEE CUSTOMER UPDATES OR POSSIBLE DATA MODIFICATIONS!

Aluminum Boron Carbon Cobalt Chromium Copper Manganese Molybdenum
(0.004) 0.18 0.031 12.15 0.060 0.30 0.12
(0.0024) (0.0038) (0.0929) (0.0041) (0.0075) (0.0041)
Nitrogen Niobium Nickel Oxygen Phosphorus Sulfur Silicon Tin
0.0222 0.010 193 0.0068 0.018 0.007 0.35 0.004
(0.0005) (0.0007) (0.0305) (0.0004) (0.0021) (0.0005) (0.0101) (0.0017)
Titanium Vanadium Tungsten
(0.003) 0.086 259
(0.0043) (0.0403)
The laboratories participating in the "Inter-Laboratory Analysis Program” (ILAP) and certification of this materid are as follows:
Allegheny Ludlum Corp., Brackenridge, PA Armco Research & Technology, Middletown, OH Lockheed Martin Astronautics, Littleton, CO
Allegheny Ludlum Corp., Lockport, NY Chicago Spectro Service Laboratories, Chicago, IL Metal Analysis Inc., Huntington Park, CA
Anderson Laboratories, Inc., Greendale, WI Howmet Corporation, Whitehall, M1 Metallurgical Testing Corp., City of Industry, CA
Armco Advance Materials Co., Butler, PA Laboratory Testing, Inc., Dublin, PA Sherry Laboratories, Muncie, IN

TRACEABILITY: All members of the "Inter-Laboratory Analysis Program" (ILAP) listed above validat e test methods and instrument performance utilizing SRMs produced by the National Ingtitute of Standards and Technology, (NIST) as well
as other CRMs and RMs produced by recognized Certifying Bodies from around the world. The specific SRMs, CRMs and RMs goplicable to the material covered by this certificate are:

NIST 132b, 134, 361, 348a, 11h, 133b, 123b, LECO 501-553, SRM 3161, IARM 99A, 41A, 66A, NBS 226, 1286, 1151, 348, 1262, 349, C1151, 1226, 345, C1285, 12620, 339, 1285, 1262, 890, 436, 153, LECO 501-504, 501-553,
AA SOLUTION LF420, IARM 20A, LECO 501-505, KD-760 INGOTS 1,2,3,4 TRACEABILITY INTERNAL STANDARDS, SPEX LOT #5-17AL, 578NB
A spexific line of traceability is established to NIST and other Certifying Bodies for those elements that are noted as "Certified Values' on the Certificates of Analyses referenced above.

SEE REVERSE SIDE FOR STATISTICAL DATA AND ADDITIONAL INFORMATION REGARDING THISMATERIAL

P.O. Box 2246 ? Evergreen, Colorado 80439 ? Telephone (303) 216-2621 ? FAX (303) 216-2649



THE FOLLOWING DATA AND ACCOMPANYING STATEMENTS REPRESENT ALL PERTINENT INFORMATION REPORTED IN THE INTER-LABORATORY PROGRAM ASIT
APPLIESTO THE CHEMICAL CHARACTERIZATION OF THISMATERIAL AS OF 05/30/1998.

20C Al B C Co Cr Cu Mn Mo N Nb Ni 0O P S Si Sn Ti \ W
1 0.011 0.0091 | 0.1874 [ 0.039 12.29 0.07 0.31 0.13 0.023 0.011 2.00 0.0072 0.0228 0.008 0.373 0.007 0.008 0.09 2.69
2 0.0088 | 0.0008 [ 0.187 0.035 12.29 0.065 0.31 0.1203 0.023 0.01 1.96 0.0071 0.020 0.0075 0.36 0.006 0.004 0.09 2.66
3 0.004 0.0006 | 0.186 | 0.0329 12.25 0.063 0.3067 0.12 0.0226 0.0095 1.96 0.0070 0.019 0.00714 0.36 0.006 0.004 0.0893 2.61
4 0.0039 | 0.0005 | 0.1854 | 0.031 12.2185 0.06 0.3016 0.12 0.02232 | 0.0092 1.95 0.0069 0.0184 | 0.0071 0.353 0.0048 0.003 0.0872 2.61
5 0.003 0.0003 | 0.1836 0.03 12.17 0.06 0.30 0.12 0.0221 0.009 1.929 0.0068 0.018 0.007 0.35 0.004 0.00135 0.084 2.61
6 0.002 0.1815 0.03 12.06 0.06 0.2991 0.12 0.0220 0.009 1.924 0.00630 | 0.0178 | 0.0066 0.3452 0.0037 0.0005 0.0821 2.592
7 0.0019 0.18 0.0284 12.059 0.0570 | 0.292 0.1190 0.022 0.009 1.92 0.0062 0.0150 | 0.0065 0.3449 0.0024 0.078 2.559
8 0.001 0.18 0.0237 12.050 0.0542 0.29 0.112 0.0214 191 0.015 0.34 0.00083 2.556
9 0.001 0.1798 11.96 0.053 0.281 0.0210 1.858 0.0147 0.333 2.54
10 0.3248 2.5007
11
12
MEAN 0.0041 | 0.0023 [ 0.1834 | 0.0313 | 12.1497 [ 0.0602 | 0.2989 | 0.1202 0.0222 0.0095 | 1.9346 0.0068 0.0179 | 0.0071 0.3484 0.0043 0.0035 0.0858 | 2.5928
STDV. 0.0035 | 0.0038 [ 0.0032 | 0.0046 0.1208 0.0053 | 0.0098 [ 0.0049 0.0007 0.0007 | 0.0397 0.0004 0.0027 | 0.0005 0.0141 0.0020 0.0026 0.0046 | 0.0564
CERTIFIED (0.004) 0.18 0.031 12.15 0.060 0.30 0.12 0.0222 0.010 1.93 0.0068 0.018 0.007 0.35 0.004 (0.003) 0.086 2.59
95% C.I. 0.0024 | 0.0038 0.0929 0.0041 | 0.0075 | 0.0041 0.0005 0.0007 | 0.0305 0.0004 0.0021 | 0.0005 0.0101 0.0017 0.0043 | 0.0403

The International Standards Organization (1SO) definitions, expressed in 1SO Guide 30-1981-(E) list the following:

CERTIFYING BODY: A technicaly competent body (organization or firm, public or private) that issues a Reference Materid Certificate. The only generally accepted certifying body in the United States is the U. S. Department of Commerce,
Nationa Institute of Standards & Technology, (NIST), Gaithersburg, MD.

REFERENCE MATERIAL (RM): A materid or substance with one or more properties which are sufficiently well established to be used for cdibration of an apparatus, the assessment of a measurement method, or for assigning vaues to materials.

CERTIFIED REFERENCE MATERIAL (CRM): A reference materid with one or more properties whose values are certified by atechnicaly valid procedure accompanied by or traceable to a certificate or other documentation, which isissued by a
Certifying Body.

INTER-LABORATORY ANALYSIS PROGRAM: Although ASTM Standard E691-87 applies to inter-laboratory studies to "Determine the Precision of a Single Test Method", it is aso awell thought out and logical plan for conducting an Inter-
laboratory program involving multiple techniques. Therefore, the planning, conducting, anayzing, protocol and treatment of data resulting from this inter-laboratory program were performed utilizing the guidelines established in ASTM E691-87.

METHODS OF ANALYSIS: In view of the fact that the "Inter-Laboratory Analysis Program™ entails a wide variety of materids, no single analytical method would provide optimum data results. Therefore the methods utilized were a combination of
ASTM Standard Methods for classical wet chemistry, ICP, AA, Optical Emission and X-Ray spectrometric methods. The determinations for Carbon, Sulfur, Nitrogen and Oxygen are the result of combustion instrument procedures.

SELECTION OF MATERIALS: A "batch" or "series' is defined as a single bar of one continuous length. The majority of materias are in wrought condition. Other methods of manufacture are utilized as a last resort, only inthecasedf those
materials being unavailable in wrought condition. "Batch" samples are taken by removing a one inch cross section for every thirteen inches of total length from the entire bar. Twenty-five percent of the oneinch crass section is converted to chips for
analysis by classical wet chemistry, ICP, AA, and combustion procedures and seventy-five percent remains in a solid disk form for OES and X-Ray analysis where gpplicable. Each member of the ILAP is furnished both a solid sample and the
corresponding supply of chips from a specific location on the batch bar. This massive sampling procedure results in the homogeneity being reflected as a product of the overall statistics and certified data. To insure thet there are no gross abnormdities
in the batch homogeneity, effective with materials certified after 10/20/91, specific homogeneity testing is being performed utilizing applicable sections, determined by the ILAP program management, for homogeneity test procedures as outlined in
ASTM E-826-87, NBS Handbook 91, "Experimental Statistics', as well as other established practices for determination of practica homogeneity.
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