ANALYTICAL REFERENCE M ATERIALS | NTERNATIONAL

CERTIFICATE OFANALYSIS

Grade: Tl -6-2-4-2
Part Number (Q.A.NO.):|ARM-177A

Certification Date: 04/01/1994 Certificate No.: 177A-040194ARM-F

INTERPRETATION OF DATA
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.
Any data reported and enclosed by a parentheses ( ) isa " best estimate" and is NOT CERTIFIED. Thisdata 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.
The"Interlaboratory Analysis 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.
The"" Confidence Interval at 95%" is enclosed by a parentheses ( ) below the individual element's concentration.

IMPORTANT: A "USER REGISTRATION CARD" ACCOMPANIES ALL SHIPMENTS. THIS CARD SHOULD BE COMPLETED IMMEDIATELY UPON RECEIPT OF MATERIALS WITH THE

APPROPRIATE USER INFORMATION. THISISTHE ONLY WAY IN WHICH ARMI CAN GUARANTEE CUSTOMER UPDATES OR POSSIBLE DATA MODIFICATIONS!

Carbon M anganese Chromium Copper Molybdenum Lron Aluminum Vanadium
0.008 <0.01 <0.01 <0.01 2.00 0.045 5.87 0.006
(0.0013) (0.029) (0.0048) (0.055) (0.0021)
Tin Silicon Nitrogen Zirconium Oxygen Hydrogen Nickel
197 0.089 0.0084 4.05 0.15 0.0060 0.007
(0.012) (0.0067) (0.0010) (0.045) (0.008) (0.0004) (0.0018)

The laboratories participating in the "Intelaboratory Analysis Program™ (ILAP) and certification of this material are as follows:

Anderson Laboratories, Inc., Greendale, W Howmet Corporation, Dover, NJ Metal Analysis, Inc., Huntington Park, CA
Axel Johnson Metals, Inc., Morgantown, PA Howmet Corporation, Mat. Cont. Labs, Whitehall, M1 Oremet Titanium, Albany, OR
Chicago Spectro Service Laboratory, Chicago, IL MMA Laboratories, Huntington Beach, CA Teledyne Allvac, Monroe, NC

Martin Marietta Astronautics, Denver, CO Timet, Hender son, NV

TRACEABILITY TO NIST: Members of the "Interlaboratory Analysis Program" (ILAP) listed above validate test methods and instrument performance utilizing SRMs produced by the National Institute of Standards &
Technology, (NIST). Validation may be in the form of one or both of two independent methods described as follows:

1.

Selected laboratories from the above listing are furnished SRMs that have been chosen as the best available "Type Standards” in relation to the matrix composition of the test materials being analyzed. These SRMs are provided
by and at the expense of Analytical Reference Materials International, Inc. The data resulting from these examinations therefore becomes the common "point of reference" for all testing and subsequent data results for all
IARMS™ certified by Analytical Reference Materials International, Inc. thereby establishing a specific line of "Traceability” to the U.S. Department of Commerce, National Institute of Standards & Technology, (NIST).

At the option of ARMI and\or inthe absence of currently available SRMs that are matrix compatible with ARMI program materials, other NIST\NBS materials classically resident in the ILAP member lab may be used for the

characterization of ILAP materials. Validation by this method requiresthat the ILAP member have on file with ARMI an affidavit verifying the use of the SRMs accompanied by a copy of the NIST\NBS Certificates of Anadysis
as they apply to that matrix group.

Either one or both of these methods establishes a specific line of taceability to NIST for those elements that are noted as "certified values" on the NIST Certificates of Analysis applicable to the SRMs referenced on the ARMI
Certificate of Analyses.

SEE REVERSE SIDE FOR STATISTICAL DATA AND ADDITIONAL INFORMATION REGARDING THIS MATERIAL
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THE FOLLOWING DATA AND ACCOMPANYING STATEMENTS REPRESENT ALL PERTINENT INFORMATION REPORTED IN THE INTERLABORATORY PROGRAM ASIT APPLIESTO THE
CHEMICAL CHARACTERIZATION OF THISMATERIAL AS OF 04/01/1994

Grade: Ti-6-2-4-2 CERTBACL
177A C Mn Cr Cu Mo Fe Al Vv Sn Si N Zr [e] H Ni
1 0.010 0.007 0.009 0.0051 2.070 0.056 5.990 0.010 2.000 0.101 0.0098 4,110 0.1649 0.0065 0.009
2 0.0096 0.002 0.008 0.005 2.060 0.055 5.960 0.010 1.994 0.100 0.00974 4.090 0.158 0.0065 0.009
3 0.0088 0.0009 0.0078 0.003 2.030 0.050 5.910 0.009 1.993 0.094 0.0097 4.070 0.150 0.006 0.008
4 0.0084 0.00083 0.007 0.0013 2.023 0.047 5.910 0.007 1.980 0.0903 0.008 4.060 0.1498 0.006 0.008
5 0.008 <0.01 0.004 <0.01 2.010 0.045 5.897 0.006 1.980 0.088 0.008 4.050 0.146 0.0059 0.007
6 0.007 <0.01 0.002 <0.01 2.000 0.044 5.890 0.0046 1.980 0.085 0.0078 4.050 0.145 0.0057 0.0051
7 0.0061 <0.01 <0.01 <0.01 2.000 0.044 5.850 0.0046 1.970 0.084 0.0072 4.000 0.137 0.0054 0.004
8 0.006 <0.001 <0.01 <0.01 1.990 0.044 5.8293 0.0032 1.960 0.080 0.007 3.940
9 0.005 <0.001 1.984 0.041 5.810 0.003 1.960 0.075
10 1.980 0.039 5.790 1.950
11 1.910 0.031 5.700 1.950
AVG. 0.0077 2.0052 0.0451 5.8669 0.0064 1.9743 0.0886 0.0084 4.0463 0.1501 0.0060 0.0072
STDV. 0.0017 0.0431 0.0071 0.0823 0.0028 0.0176 0.0087 0.0012 0.0537 0.0091 0.0004 0.0019
CERT. 0.008 (<0.01) (<0.01) (<0.01) 2.00 0.045 5.87 0.006 1.97 0.089 0.0084 4.05 0.15 0.0060 0.007
Cl AT 95% 0.0013 0.029 0.0048 0.055 0.0021 0.012 0.0067 0.0010 0.045 0.008 0.0004 0.0018

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

CERTIFYING BODY: A technically competent body (organization or firm, public or private that issues a Reference Material Certificate which provides the information detailed in SO Guide 31. The only generally accepted
certifying body in the United States is the U. S. Department of Commerce, National Institute of Standards & Technology, (NIST), Gaithersburg, MD.

REFERENCE MATERIAL (RM): A material or substance one or more of whose property values are sufficiently homogeneous and well established to be used for the calibration of an apparatus, the assessment of a measurement
method, or for assigning values to materials.

CERTIFIED REFERENCE MATERIAL (CRM): A reference material, accompanied by a certificate, one or more of whose property values are certified by a procedure which establishes its traceability to an accurate realization of
the unit in which the property values are expressed, and for which each certified value is accompanied by an uncertainty at a stated level of confidence.

INTERLABORATORY ANALYSIS PROGRAM: Although ASTM Standard E691-87 applies to interlaboratory studies to "Determine the Precision of a Single Test Method", it is also a well thought out and logical plan for
conducting an interlaboratory program involving multipletechniques. Therefore, the planning, conducting, analyzing, protocol and treatment of data resuiting from thisinterlaboratory program were performed utilizing the guidelines
established in ASTM E691-87.

METHODS OF ANALY SIS: Inview of the fact that the "Interlaboratory Analysis Program" entails awide variety of materials, no single analytical method would provide optimum dataresults. 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" isdefined as asingle bar of one continuous length. The majority of materials are in wrought condition. Other methods of manufacture are utilizd as alast resort, onlyinthe
case of those materials being unavailable in wrought condition. "Batch" samples are taken by removing aoneinch cross section for every thirteen inches of total length from the entire bar. Twenty -five percent of the oneinch cross
section is converted to chips for analysis by classical wet chemistry, ICP, AA, and combustion procedures and seventy -five percent remainsin a solid disk form for OES and X-Ray analysis where applicable. Each member of the
ILAP isfurnished both a solid sample and the corresponding supply of chipsfrom aspecific location on the batch bar. This massive sampling procedure resultsin the homogeneity being reflected as a product of the overall statistics
and certified data. Toinsurethat thereare no gross abnormalities 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", aswell as other established practices for determination of practical homogeneity.
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