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DETAIL SPECIFICATION

S D e C ifi Cati O n S & Stan d ard S Oﬁi Ce ALUMINUM-BASED POWDERS FOR COLD SPRAY DEPOSITION

This specification is approved for use by all Departments and Agencies of the Department of Acq u |S|t| O n Path
. . . . PR Defense.

Richard J. Squillacioti (Retiring)

Wi I I iam S . Lu m 1.1 Scope. This specification covers requirements intended for use in the procurement of

— * Specification (QPL & NSNs)
aluminum and aluminum-based alloy powders that will be used to produce deposits utilizing a b4 System E ng | nee rl ng Dran ng
. . cold spray materials deposition process for the purpose of parts repair, coatings, or fabrication
B rl an E P I aCZ an k I S of freestanding structures. Cold spray is a process whereby metal powder particles are utilized o
to form a deposit by means of ballistic impingement upon a substrate in order to produce °
- coatings or free-standing structures. This cold spray process is explained in the manufacturing Contra CtS for va u ISItlon
process standard MIL-STD-3021, "Materials Deposition, Cold Spray”.

* Revision A, forthcoming

* Full Transition

= Comments, suggestions, or questions on this document should be addressed to: Director,
n u S rv Ca e I I I I a U.S. Armmy Research Laboratory, Weapons and Materials Research Directorate,

Specifications & Standards Office, Attn: RDRL-WMM-D, Aberdeen Proving Ground, MD

. 21005-5069 or emailed to richard.j.squillacioti.civ@mail.mil. Since contact information

TI m J E d e n P S U can change, you may want to verify the currency of this address information using the
] y |ASSIST Online database at https://assist.dla.mil/.

Christian A. Widener, VRC Systems —
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7 Specification Term Guide

* PIN — Part Identifying Number

 NSN — National Stock Number

 QPL/QPD — Qualified Products List / Qualified Products Database
 CEA - Cognizant Engineering Authority

* PA — Preparing Activity

« Qualification — The process by which a powder is added to the QPL/QPD

« Conformance — The process by which the quality of the powder is ensured for future contracts

t
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* 7 MIL-DTL-32495 Revision Goals

MIL-DTL-32495A Goals

« Expand specification to include many other powders beyond aluminum and its alloys

 Designate Part or Identifying Number (PIN) - PINs to be used for powders acquired by this specification

M 32495 I A 1 a

I— TYPE a, b, c, etc.

ALLOY 1,2, 3, etc.

CLASSES: A, B, C, etc.

GROUP I, I1, 111, IV, V, VI, etc.

SPECIFICATION NUMBER

M PREFIX

 Define powder quality for acceptance including contaminants, shelf life, and storage practices

* Include sample images to define quality of spray with examples to reject
« Establish Qualified Products List (QPL) document — Prior requirement was First Article.

* QPL & QPD will include products with assigned National Stock Numbers (NSNs)
)
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g ’ MIL-DTL-32495 - Cognizant Engineering Authority

The ARL Advanced Materials & Processes Team (Cold Spray Team) and the other knowledgable
government representatives may serves as Cognizant Engineering Authorities (CEAS) to determine if new
powders will meet their application’s minimum acceptance criteria necessary for inclusion within the

companion QPL document.
When the CEA has determined that a powder satisfactorily fulfills the compulsory criteria of MIL-DTL-32495
the powder and its qualification data are submitted to the Preparing Activity (PA), the ARL Specifications and

Standards Office, for final review, assignment of a new NSN and inclusion into the QPL/QPD document.

Mr. William Lum of the ARL Specifications and Standards Office manages QPL/QPD and NSN assignment

activities.

i

UNCLASSIFIED: Approved for Public Release: Distribution is Unlimited The Nation’s Premier Laboratory for Land Forces



UNCLASSIFIED: Approved for Public Release; Distribution is Unlimited

g MIL-DTL-32495A Additions

| 15
I 2 Classes
H He
-l - -
| (M1 £ 13 [ 15 [ 17 4 0026 :
c c Class A: Un-alloyed iron
; . Group | contains iron and steel-based : - - - ; = e
Li HBe a”oys powders B [ M )] F MNe
654 | 90112 1081 | VZOT1 § 14007 | 15999 | 18.998 | J0.180 |  Class B: Plain carbon steels
I 12 13 14 15 16 17 1% powder. (1008)
Ma Mg Al bt P b il Ar
22990 | 24305 3 3 5 (] 7 b 9 10 11 12 0982 | 28085 | 0974 | 3206 | 3545 | 39948 Class C: Low Alloy steels
19 20) 21 22 23 24 25 26 27 28 29 30 31 32 33 34 15 6 powder. (4340)
k Ca Se Ti v Cr Mn Fe Co Mi Cu Zn (;a Ge As Se Br kr
w00 | s0078 | 44956 | 47867 | so942 | s199e | se93s | 55845 | 58933 | sH693 | 63546 | 6538 | 69723 | 72630 | 7ag22 | 797 | 7oo04 | 83798 Class D: High alloy and
17 - 29 A0 a1 42 43 Ad 45 AG T P A0 S0 51 - 53 <4 stainless steels powder. (304,
Rb | Sr Y Zr Nb | Mo | Te Ru Rh | Pd | Ag | Cd In Sn Sh | Te I Xe 316, 13-8 Mo, 15-5 PH, 17-4.
k5468 | 8762 | ssooe | 91224 | 92906 | 959 sy | 1we7 | wzer | weaz | wrsr | nzar | nasz | g Lizee | i27e0 | izeso | 13109 PH, AM-355, Incoloy A-286)
i3 bt i} 57-T1 12 T3 T4 T5 T 77 T8 T &0 gl g2 g1 K4 =5 =6 Clecs B Tool arels mavlar
s Ba * HI Ta W He (= Ir q | An Hg Tl Ph Bi Po Al Rn : P )
13291 | 13733 17849 | 18095 | 18384 | 18621 [ 19023 | 19222 | 19508 | 19607 | 20059 | 20438 | 2072 | 20898 | 2000 | (2w | 022 _
; Class F: nonsteel iron alloy
47 4y £9-103 104 K5 13 1iN7 108 10y 110 T 112 13 114 s 16 1% 1% owder
Fr K # B I Sp Fh Hs Mt s Hg Cn MNh F1 i [ Lw T g P ’
(223) (226} i 2050 {265) 271 (2700 (27T { XThH (251 (250} [ ZH5) { 2R6) i 2R { 2EL) (23 ) (294 )
= - s §
Lanthanide 57 5% 54 1 Y 62 Al 64 s s &7 G 5 0 71
L N - El ] - - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
3gn | 140002 | ane | 14424 | (4% | sos6 | 15196 | 15725 | 15593 | 16250 | jeq03 | 16726 | 1ese3 | 17305 | 17497
8 Actinide 20 % gl g3 93 ug 9% o6 97 % SR 1K) 101 2 103
SCTIEs Ac Th Pa L Np Fu Am Cm Bk Cr Es Fm M No Lr
{227} 04 | AN d | 23R03 (23T { 244 (243} (247} {247 (2515 {252} {257} { 25K} { 250 (262

The Nation’s Premier Laboratory for Land Forces
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7 MIL-DTL-32495A Additions

| 15
I 2 Classes
H He
| (K% 2 13 14 15 16 17 40026 .
. . Class A: Pure Aluminum
3 4 Group Il contains alummum and 5 [ 7 & g 10 Powder. (commercially pure,
=] s aluminum-based alloys powders B €| N | O [ F | Ne | highpuriy)
694 | 90122 sl | rzon | o7 | 1sese | 15998 | 200080
1 12 13 14 3 14 17 15 Class B: 1000 series Al
Ma Mg Al bt P b il Ar powder.
229000 | 24305 3 4 5 b 7 8 9 10 1 12 26982 | 28085 | 30974 | 3206 | 3545 | 39948
19 20) 21 22 23 24 25 26 27 28 29 30 31 32 33 34 15 6 Class C: 2000 series Al
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr powder. (2024)
o008 | 0078 | 44956 | 47867 | so042 | S1996 | S4038 | 55845 | ssosn| sseon | 63sd4e | esas | eo72n | 72630 | 7a922 | 7R97 | 1omnd | 83798
7 35 19 A0 41 42 43 24 45 46 47 a3 49 50 51 53 53 54 Class D: 3000 series Al
Rb | Sr Y Zr Nb | Mo | Te | Ru | Rh | Pd | Ag | Cd | In Sn Sh | Te | Xe powder. (3003)
k5468 | 8762 | ssoo6 | 91224 | 92906 | 9595 sy [ 1imo7 | wm2er | woes2 | wrs? | nzar | nasr | ng | oizege | i27e0 | izeso | 13w _
ss | se [ st | 7 L 5 | 76 R EREE R 3 | s+ | ss [ se Clasj = 2’82? series Al
Cs | Ba * Hf Ta W Re | Os Ir gl Au Hg Tl Ph Bi Po At Rn powder. (4047)
13291 | 137.33 17849 | 18095 | 18384 | 18620 | 19023 | 19222 | 19508 | 19607 | 20050 | 20438 | 2072 | 208908 [ 209 | 2000 | (222 _
47 48 Y. 1013 104 105 T 107 108 109 10 i1 112 113 114 s 11¢ 17 118 Clees 72 5000 sEmes o
L, hE = L] ] [ . z L] s ] [ -
Fr | Ra | # Rf | Db | Sz | Bh | Hs | Mt | Ds | Re | ©n | Nn | Bt | Mc | Lv | T | og | Powder (5056, 5083)
(223) (226} i 2050 {265) 271 (2700 (27T { XThH (251 (250} [ ZH5) { 2R6) i 2R { 2EL) (23 ) (294 ) .
Class G: 6000 series Al
powder. (6061)
* Lanthanide : = -
e 57 bt 4% Ll ]| 2 {33 fhd [l iy 67 6HH 55 il |
seres La Ce Pr N Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu Class H: 7000 series Al
tagar | raonz | vanmn | raa24a | 145 | 1sose | 1s1ee | 15728 | 15893 | 16250 | jee93 | 16706 | 1ese3 | 17308 | 17497 powder. (7050, 7075)
# Actinide 59 oy 4l g3 93 Hd 05 96 97 s wa Lt 11 mn2 103 Class J: 8000 series Al
series Ac Th Pa U Np Pu Am Cm Bk Cr Es Fm M No Lr powder
{227} 04 | AN d | 23R03 (23T { 244 (243} (247} {247 (2515 {252} {257} { 25K} { 250 (262 ’

The Nation’s Premier Laboratory for Land Forces
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g MIL-DTL-32495A Additions

| | &
I 2 Classes
H He
-l - -
TS £ 13 14 13 16 17 4026
c Class A: un-alloyed copper
. . Group Ill contains copper and : - . - ; " oowder.
Li | Be copper-based alloys powders B | C N | O F | Ne
654 | 90112 1081 | 2011 § 14007 | 15999 | 18998 | 20.180 | Class B: bronze alloy powder.
I 12 13 14 15 16 17 18 (DT-31)
Na Mg Al Si P 5 1 Ar
22990 | 24305 3 3 5 (] 7 b 9 10 11 12 0982 | 28085 | 0974 | 3206 | 3545 | 39948 Class C: brass alloy powder.
19 20 21 2 23 24 25 26 27 24 29 30 31 32 33 34 35 36 (cartridge brass)
K Ca b Ti v Cr Mn Fe Co Ni Cu £n Ga Ge As He Br kr
008 | 40078 | 44956 | 47867 | S0542 | S1996 | 54938 | 55845 | 58933 | SRe03 | 63546 | 6538 | 69723 | T2ea0 | 74922 | 7897 | 79o04 | 83798
7 gh 0 a0 41 42 43 44 45 46 47 4% 49 50 5] 52 53 54
Kh Sr Y L MNh Mo Te Hu Kh Pd Ag Cd In sn Sh Te | Xe
B5468 | 8762 | sso06 | 91224 | 920906 | 9595 o8 | 107 | w2en | w642 | wrET | 2 | nasz | g7 | izee 12760 | oizesn | 13129
55 56 57-T1 72 73 74 75 i 77 78 9 ] &l B2 83 B4 HS 56
Cs Ba = HI Ta W Re s Ir | Au Hg T Ph Bi Po At Rn
13201 | 13733 7849 | 18095 | 18384 | 18621 | 19023 | (9222 | 19508 | 19697 | 20050 | 20438 | 2072 | 208098 | (209 | 20 | 0222)
47 4% B9-103 | g 105 100y 1617 1008 109 10 11 112 TE 114 TE 116 117 1%
Fr Ra # Rf Db Sp Eh Hs Mt D= Hg Cn Nh Fl Mc Lv Ts g
(223) {226 (Rl {268 (271 (270K (27T {XTh) (281 {280 (285 {286 (284 {289 (293 (204 (293}
L r oo
Lanthanide 57 5% 54 1 Y 62 Al 64 s s &7 G 5 0 71
b & - 7 1 e - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
tagor | oraoz | oo | 14a24 | (145 | 5036 | 1s1ee | 15725 | 15803 | 1e250 | pee01 | 16706 | 1ega3 | 17305 | 17497
o Actinide 29 ) ag g1 94 94 0% O a7 o o 1K) 101 032 103
SCTIEs Ac Th Pa L Np Fu Am Cm Bk Cr Es Fm M No Lr
{227} 304 | 2510 | 23303 (237 [ 2 (243} {247 (24T (251 {252) 1257 (258 {250 (262}

The Nation’s Premier Laboratory for Land Forces
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g MIL-DTL-32495A Additions

| &
I 2 Classes
H He
g L | -
(WL £ 13 [ 13 16 17 20024
c c Class A: un-alloyed
. . Group IV contains magnesium and : - . - ; " magnesium powder.
=] s magnesium-based alloys powders L [
694 | 90122 I0RL [ 12001 | 14007 | 15999 | 13998 | 20180 Class B: magnesium alloy
11 1z 13 14 ] 16 17 13 powder.
Ma Mg Al bt P b il Ar
27 990 | 24 305 3 4 5 (] 7 b 9 10 11 12 20082 | 28085 | 30974 | 3206 | 3545 | 39.948
[ ] 20 21 i 25 24 i3 26 27 28 b 1 Al 32 LR 4 15 i}
k Ca Se Ti v Cr Mn Fe Co Mi Cu Zn (;a Ge As Se Br kr
duies | 40078 | 44956 | 47867 | S0d4d2 | sS4 | s4938 | 55845 | SAo3R | sEA93 | e3sde | As38 | 6972y | TRean | 74922 | TRoT | 7oqnd | HIToH
a7 g} 1] 40 41 4 43 44 45 46 47 4% 40 1] 5] 532 53 54
143 Sr Y Lr Nh Mo Te Ru Rh Pd AR Cd In Sn Sh Te I Xe
K5d68 | B7.62 EERdn | 91224 | Ul il | usos (GH ) o7 | owaer | wedar | 107E7 | nadr | pag: | ngd | oraege | 127en | izesn | 13120
55 56 5-71 | 72 73 T4 75 76 77 78 79 B0 Bl B2 83 B4 88 86
s Ba * HI Ta W He (= Ir q | An Hg Tl Ph Bi Po Al Rn
1324] | 13731 [T840 | 12095 | 18384 | 18620 | 19023 | (92232 | 19508 | 19497 | 20050 | 20438 | 3072 | 20898 | (2EH e L (33
B7 ] KQ- 103 4 1115 My LN7 [0H 1 110 il 112 13 114 15 116 117 N E:
Fr H: # RBf Db Sg Eh Hs Mt = Kp Cn Nh F1l % [ Lv Ty Og
(223) (226} i 2050 {265) 271 (2700 (27T { XThH (251 (250} [ ZH5) { 2R6) i 2R { 2EL) (23 ) (294 )
= - s §
L..ml]_mmdc . . & &) Bi &3 1 B4 Fe B &7 & &0 T 71
L N - " Bl “ - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
(3o [ 140002 | pan9r | 14424 | (145} | ps036 | 15196 | 15725 | 15893 | 16250 | jedo3 | 16706 | 1eE93 | 17305 | 17497
& Actinide #9 o qj i 03 G4 Q5 Wy g7 gs el 10H] 101 mnz K
A A Th P [__’ NP Pu Am f:l'.l'l Bk [_T Es Fm Ml ) IL.r
{227} 04 | AN d | 23R03 (23T { 244 (243} (247} {247 (2515 {252} {257} { 25K} { 250 (262

The Nation’s Premier Laboratory for Land Forces
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MIL-DTL-32495A Additions

U.S.ARMY
| | &
! 2 Classes
H He
-I - -
(] £ 13 ) 15 13 17 4 K126 ‘
: c Class A: un-alloyed zinc
. . Group V contains zinc and : - . - ; " oowder.
Li | Be zinc-based alloys powders B | C N | O F | Ne
694 | 90122 I0RL [ 12001 | 14007 | 15999 | 13998 | 20180 Class B: zinc alloy powder.
11 | 4 13 14 15 16 17 15
Ma Mg Al Si P 5 1 Ar
27 950 | 24305 3 4 5 (] 7 b 9 10 11 12 20082 | 28085 | 30974 | 3206 | 3545 | 39.948
] Fal) 21 il ] 24 25 2t 27 28 25 L1 Al a2 Ak 4 35 i
k Ca Sc Ti v Cr Mn Fe Co Ni Cu £n (a (e As Se Br kr
39098 | 40078 | 24956 | 47867 | S0442 | S1awne | S4938 | 55545 | 58933 | 58693 | 63546 | 6538 | 69723 | 72630 | 74922 | 7E97 | 7ownd | 53798
a7 in 39 40 41 47 43 44 45 46 47 43 49 50} 51 52 53 54
Kb Sr Y fr MNh Mo Tc Ru Kh Pd AR Cd In Sn Sh Te I Xe
B546% | 8762 | ssson | 91224 | 92006 | 9545 95y | 1o7 | ow2sr | o642 | 07E7 | 240 | s | 1T | oi2eTe | 12760 | i2esn | 13129
55 56 57-T1 72 73 74 75 i 77 78 9 ] &l B2 83 B4 HS 56
Cs Ba = HI Ta W Re s Ir | Au Hg T Ph Bi Po At Rn
1329] | 13733 [7T849 | 18095 | (8384 | 8620 | 19023 | (19222 | 19508 | 19697 | 20050 | 20438 | 2072 | 20898 | (208 (200 | (223
7 % EU- 103 104 ik [iT i [T 104 110 i1 12 13 114 15 116 17 118
Fr Ra # Rf b Sg Bh Hs Mt s Kp Cn MNh Fl Mc Lw Ts Og
(223) {226) i 2S5 {265) (271 (Rl (2T i X TR (251 {280} (2R5] {256) (284 {250 (29530 i Had (294}
L r oo
L..ml]_mmdc . . & &) Bi &3 1 B4 Fe B &7 & &0 T 71
b & - 7 1 e - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
(3o [ 140002 | pan9r | 14424 | (145} | ps036 | 15196 | 15725 | 15893 | 16250 | jedo3 | 16706 | 1eE93 | 17305 | 17497
& Actinide H9 ) ug g3 g3 o4 04 0 g7 s L (K} 101 102 [iE!
SCTIEs Ac Th Pa L Np Fu Am Cm Bk Cr Es Fm M No Lr
{227} 2330 | 2300 | 23R03 (23T {24 (243 {247 (24T (2515 {252} {257} {258) {250 (262}
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MIL-DTL-32495A Additions

U.S.ARMY
| | &
! 2 Classes
H He
-l - -
(] £ 13 ) 15 13 17 4 K126 q
c c Class A: un-alloyed silver
; . Group VI contains silver and : - - - ; = e
Li | Be silver-based alloys powders B | C N | O F | Ne
694 | 90122 I0RL [ 12001 | 14007 | 15999 | 13998 | 20180 Class B: silver alloy powder.
11 | 4 13 14 15 16 17 15
Ma Mg Al Si P 5 1 Ar
27 950 | 24305 3 4 5 (] 7 b 9 10 11 12 20082 | 28085 | 30974 | 3206 | 3545 | 39.948
] Fal) 21 il ] 24 25 2t 27 28 25 1] Al a2 Ak 4 35 i
k Ca Sc Ti v Cr Mn Fe Co Ni Cu £n (a (e As Se Br kr
39098 | 40078 | 44956 | 47867 | S0442 | S1ane | S4938 | 55545 | 58933 | 58693 | 63546 | 6538 | 69723 | 72630 | 74922 | 7Ee7 | 7ownd | 53798
a7 in 39 40 41 47 43 44 45 46 47 43 49 50} 51 52 53 54
Kb Sr Y fr MNh Mo Tc Ru Kh Pd AR Cd In Sn Sh Te I Xe
B546% | 8762 | ssson | 91224 | 92006 | 9545 g5y | 1 o7 | o1wo2sr | o642 | 07E7 [ 240 | s | 1T | oi2eTe | 12760 | oi2esn | 131,29
55 56 57-T1 72 73 74 75 i 77 78 9 ] &l B2 83 B4 HS 56
Cs Ba = HI Ta W Re s Ir | Au Hg T Ph Bi Po At Rn
1329] | 13733 [7T849 | 18095 | (8384 | 8620 | 19023 | (19222 | 19508 | 19697 | 20050 | 20438 | 2072 | 20898 | (208 (200 | (223
7 % EU- 103 104 ik [iT i [T 104 110 i1 12 13 114 15 116 17 118
Fr Ra # Rf b Sg Bh Hs Mt Ds Kp Cn MNh Fl Me Lw Ts Og
(223) {226) i 2S5 {265) (271 (Rl (2T i X TR (251 {280} (2R5] {256) (284 {250 (29530 i Had (294}
L r oo
L..ml]_mmdc . . & &) Bi &3 1 B4 Fe B &7 & &0 T 71
b & - 7 1 e - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
(3o [ 140002 | pan9r | 14424 | (145} | ps036 | 15196 | 15725 | 15893 | 16250 | jedo3 | 16706 | 1eE93 | 17305 | 17497
¥ Actinice H9 ) ug g3 g3 o4 04 0 g7 s L (K} 101 102 [iE!
SCTIEs Ac Th Pa L Np Fu Am Cm Bk Cr Es Fm M No Lr
{227} 2330 | 2300 | 23R03 (23T {24 (243 {247 (24T (2515 {252} {257} {258) {250 (262}
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MIL-DTL-32495A Additions

U.S.ARMY
| &
I 2 Classes
H He
g L | -
| (M1 £ 13 [ 15 [ 17 4 0026
c Class A: un-alloyed gold
; . Group VIl contains gold and : - - - ; = e
Li | Be gold-based alloys powders B | C N | O F | Ne
694 | 90122 I0RL [ 12001 | 14007 | 15999 | 13998 | 20180 Class B: gold alloy powder.
11 12 13 14 15 1t iy 18
Ma Mg Al bt P b il Ar
27 950 | 24305 3 4 5 (] 7 b 9 10 11 12 20082 | 28085 | 30974 | 3206 | 3545 | 39.948
[ ] 20 21 i 25 24 i3 26 27 28 b 1 Al 32 LR 4 15 i}
k Ca Se Ti v Cr Mn Fe Co Mi Cu Zn (;a Ge As Se Br kr
duies | 40078 | 44956 | 47867 | S0d4d2 | sS4 | s4938 | 55845 | SAo3R | sEA93 | e3sde | As38 | 6972y | TRean | 74922 | TRoT | 7oqnd | HIToH
a7 g} 1] 40 41 4 43 44 45 46 47 4% 40 1] 5] 532 53 54
143 Sr Y Lr Nh Mo Te Ru Rh Pd AR Cd In Sn Sh Te I Xe
K5d68 | B7.62 EERdn | 91224 | Ul il | usos (GH ) o7 | owaer | wedar | 107E7 | nadr | pag: | ngd | oraege | 127en | izesn | 13120
55 56 57-T1 12 T3 74 15 Thh 17 T8 T &0 gl g2 g3 B4 855 a6
s Ba * HI Ta W He (= Ir q | Aun Hg Tl Ph Bi Po Al Rn
1324] | 13731 (T840 | 12095 | 18384 | 18630 | 19023 | (92232 | 19508 | 19497 | 20050 | 20438 | 3072 | 20898 | (2EH e L (33
B7 ] KQ- 103 4 1115 My LN7 [0H 1 110 il 112 13 114 15 116 117 N E:
Fr H: # RBf Db Sg Eh Hsx Mt = Kp Cn ™h F1l % [ Lv Ty Og
(223) (226} i 2050 {265) 271 (2700 (27T { XThH (251 (250} [ ZH5) { 2R6) i 2R { 2EL) (23 ) (294 )
= - s §
L..ml]_mmdc . . & &) Bi &3 1 B4 Fe B &7 & &0 T 71
L N - " Bl “ - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
(3o [ 140002 | pan9r | 14424 | (145} | ps036 | 15196 | 15725 | 15893 | 16250 | jedo3 | 16706 | 1eE93 | 17305 | 17497
& Actinide #9 o qj i 03 G4 Q5 Wy g7 gs el 10H] 101 mnz K
SCTIEs Ac Th Pa L Np Fu Am Cm Bk Cr Es Fm M No Lr
{227} 04 | AN d | 23R03 (23T { 244 (243} (247} {247 (2515 {252} {257} { 25K} { 250 (262
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MIL-DTL-32495A Additions

U.S.ARMY
| &
I 2 Classes
H He
-I - -
| (M1 £ 13 [ 15 [ 17 4 0026 ]
c = Class A: un-alloyed tin
; . Group VIl contains tin and : - - - ; = e
Li | Be tin-based alloys powders B | C N | O F | Ne
694 | 90122 I0RL [ 12001 | 14007 | 15999 | 13998 | 20180 Class B: tin alloy powder.
11 12 13 14 15 1t iy 18
Ma Mg Al bt P b il Ar
27 950 | 24305 3 4 5 (] 7 b 9 10 11 12 20082 | 28085 | 30974 | 3206 | 3545 | 39.948
| 20 21 il a5 24 23 26 27 28 P £l 3l 32 A x4 33 i}
k Ca Se Ti v Cr Mn Fe Co Mi Cu Zn (;a Ge As Se Br kr
duies | 40078 | 44956 | 47867 | S0d4d2 | sS4 | s4938 | 55845 | SAo3R | sEA93 | e3sde | As38 | 6972y | TRean | 74922 | TRoT | 7oqnd | HIToH
a7 g} 1] 40 41 4 43 44 45 46 47 4% 40 2] 5] 532 53 54
143 Sr Y Lr Nh Mo Te Ru Rh Pd AR Cd In Sn Sh Te I Xe
K5d68 | B7.62 EERdn | 91224 | Ul il | usos (GH ) o7 | owaer | wedr | 10787 | nadr | pagr | ngd | oiaege | 127en | rzesn | 13120
55 56 57-T1 72 73 74 75 i 77 78 9 ] &l B2 83 B4 HS 56
s Ba * HI Ta W He (= Ir q | An Hg Tl Ph Bi Po Al Rn
1324] | 13731 [T840 | 12095 | 18384 | 18620 | 19023 | (92232 | 19508 | 19497 | 20050 | 20438 | 3072 | 20898 | (2EH e L (33
B7 ] KQ- 103 4 1115 My LN7 [0H 1 110 il 112 13 114 15 116 117 N E:
Fr H: # RBf b Sg Eh Hsx Mt = Kp Cn ™h F1l % [ Lw Ty Og
(223) (226} i 2050 {265) 271 (2700 (27T { XThH (251 (250} [ ZH5) { 2R6) i 2R { 2EL) (23 ) (294 )
= - s §
L..ml]_mmdc . . & &) Bi &3 1 B4 Fe B &7 & &0 T 71
L N - " Bl “ - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
(3o [ 140002 | pan9r | 14424 | (145} | ps036 | 15196 | 15725 | 15893 | 16250 | jedo3 | 16706 | 1eE93 | 17305 | 17497
& Actinide #9 o qj i 03 G4 Q5 Wy g7 gs el 10H] 101 mnz K
SCTIEs Ac Th Pa L Np Fu Am Cm Bk Cr Es Fm M No Lr
{227} 04 | AN d | 23R03 (23T { 244 (243} (247} {247 (2515 {252} {257} { 25K} { 250 (262
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MIL-DTL-32495A Additions

U.S.ARMY
| &
I 2 Classes
H He
g L | -
| (M1 £ 13 [ 15 [ 17 4 0026
c Class A: un-alloyed cobalt
; . Group IX contains cobalt and : - - - ; = e
=] s cobalt-based alloys powders L [
694 | 90122 I0RL [ 12001 | 14007 | 15999 | 13998 | 20180 Class B: cobalt alloy powder.
11 12 13 14 15 1t iy 18
Ma Mg Al bt P b il Ar
22990 | 24305 3 4 5 ) 7 b 9 10 11 12 6082 | 25085 | 0974 | 3206 | 3545 | 3994R
19 20 21 12 i 24 25 26 27 28 29 30 31 32 33 34 35 3
k Ca Sc Ti v Cr Mn Fe Co Ni Cu £n (a (e As Se Br kr
dois | 40078 | 44956 | 47867 | S04 | 514 | s4938 | 55845 | SRm3R | SEA93 | e3sdn | As38 | 6972y | TRean | 74922 | TRoT | 7oqnd | H3ToH
a7 g} 1] 40 41 4 43 44 45 46 47 4% 40 1] 5] 532 53 54
143 Sr Y Lr Nh Mo Te Ru Rh Pd AR Cd In Sn Sh Te I Xe
K5d68 | B7.62 EERdn | 91224 | Ul il | usos (GH ) o7 | owaer | wedar | 107E7 | nadr | pag: | ngd | oraege | 127en | izesn | 13120
55 56 57-T1 12 T3 74 15 Thh 17 T8 Ta &0 gl g2 g3 B4 855 a6
s Ba * HI Ta W He (= Ir q | An Hg Tl Ph Bi Po Al Rn
1324] | 13731 [T840 | 12095 | 18384 | 18620 | 19023 | (92232 | 19508 | 19497 | 20050 | 20438 | 3072 | 20898 | (2EH e L (33
B7 ] KQ- 103 4 1115 My LN7 [0H 1 110 il 112 13 114 15 116 117 N E:
Fr H: # RBf Db Sg Eh Hsx Mt = Kp Cn Nh F1l % [ Lv Ty Og
(223) (226} i 2050 {265) 271 (2700 (27T { XThH (251 (250} [ ZH5) { 2R6) i 2R { 2EL) (23 ) (294 )
= - s §
L..ml]_mmdc . . & &) Bi &3 1 B4 Fe B &7 & &0 T 71
L N - " Bl “ - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
(3o [ 140002 | pan9r | 14424 | (145} | ps036 | 15196 | 15725 | 15893 | 16250 | jedo3 | 16706 | 1eE93 | 17305 | 17497
& Actinide #9 o qj i 03 G4 Q5 Wy g7 gs el 10H] 101 mnz K
A A Th P [__’ NP Pu Am f:l'.l'l Bk [_T Es Fm Ml ) IL.r
{227} 04 | AN d | 23R03 (23T { 244 (243} (247} {247 (2515 {252} {257} { 25K} { 250 (262
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MIL-DTL-32495A Additions

U.S.ARMY
| | &
! 2 Classes
H He
il - -
TS £ 13 14 13 16 17 4026 : .
c c c Class A: un-alloyed zirconium
. . Group X contains zirconium, and : - . - ; " oowder.
Li | Be zirconium-based alloys powders B | C N | O F | Ne
694 | 90122 081 | 12000 | 14007 | 15999 | 13998 | 20.180 Class B: zirconium alloy
I Iz 13 14 L5 15 17 1% powder.
M Mg Al Si P 5 Cl Ar
27 950 | 24305 3 4 5 (] 7 b 9 10 11 12 20082 | 28085 | 30974 | 3206 | 3545 | 39.948
] Fal) 21 il ] 24 25 2t 27 28 25 1] Al a2 Ak 4 35 i
K Ca b Ti v Cr Mn Fe Co Ni Cu £n Ga Ge As He Br kr
39088 | 40078 | 44956 | 47867 | S0042 | 514 | 54438 | 55845 | SRO33 | SHA93 | 63546 | 6538 | 69723 | T2A30 | 740922 | TROT | 7904 | B3 TR
37 I8 3 Ty 41 43 43 44 45 46 47 43 49 50 5] 52 53 54
Kh Sr Y L MNh Mo Te Hu Kh Pd Ag Cd In sn Sh Te | Xe
B5468 | 762 | S5u06 | 91224 | 92906 | 95895 98y | 1007 | w28 | a4 | 07E7 | n2a | n4as: | E7 | i2eTe [ 127e0 | 12eso | 13120
53 56 571-T1 72 71 14 15 Ty X T8 T4 &l Bl g2 g3 L2 BS B
Cs Ba - HI Ta W Re s Ir H Au Hg Tl Ph Bi Po Al Rn
13291 | 137.33 L7TRA9 | 18095 | 18384 | 18621 | 19023 | 19222 | 19508 | 19697 | 20050 | 20438 | X072 | 20898 | (209 (200 | (222
87 B8 BO.103 134 i 113 Tiy, 3K 10 [y 111 12 K 114 NS I 16 117 L1%
Fr Ra # Rf b Sg Bh Hs Mt Ds Kp Cn Nh Fl Me Lw Ts Og
(223) {226) i 2S5 {265) (271 (Rl (2T i X TR (251 {280} (2R5] {256) (284 {250 (29530 i Had (294}
L v PRy
L..ml]_mmdc . . & &) Bi &3 1 B4 Fe B &7 & &0 T 71
b & - 7 1 e - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
(3o [ 140002 | pan9r | 14424 | (145} | ps036 | 15196 | 15725 | 15893 | 16250 | jedo3 | 16706 | 1eE93 | 17305 | 17497
¥ Actinice 59 Y g g o3 g 03 B 97 s L 104} 101 1032 Ly
SCTIEs Ac Th Pa L Np Fu Am Cm Bk Cr Es Fm M No Lr
{227} 2330 | 2300 | 23R03 (23T {24 (243 {247 (24T (2515 {252} {257} {258) {250 (262}
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g MIL-DTL-32495A Additions

| | &
| 2 Classes
H He -
WL 2 13 14 15 16 17 40026 :
C C Class A: un-alloyed nickel
T Group XI contains nickel and P T s | 1o | ponder
Li | Be nickel-based alloys powders B | C N | O r Ne
fi 4 “.‘“523 ]”_:‘ I I : L I I I-I- LT lql i 1ot I"iIJIJR :“ I L] Class B Iron’ nlckel, Co a”oy
I 12 13 14 15 16 17 1% powder.
MNa Mg Al Si P 5 1 Ar
22990 | 24305 3 4 5 b 7 B 9 10 11 12 26982 | 25085 | 30974 | 3206 | 3545 | 39.948 Class C: nickel Cr/Fe/Mo alloy
19 20 21 12 23 24 25 26 27 2% 29 1] 31 33 13 14 15 15 powder. (Inconel 625, Inconel

K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga (e As Se Br Kr 718)
wous | 40078 | 29956 | 47867 | S04z | s149e | 54938 | 55845 | 58933 | saeus | 63546 | 653 | eweTry | 7aes0 | 7a922 | 7897 | 7esos | s3.79k

Class D: nickel / Cu alloy

37 I8 i 40 41 42 43 44 45 46 47 4% 49 50 51 53 53 54
Kb Sr Y fr MNh Mo Tc Ru Kh Pd AR Cd In Sn Sh Te I Xe powder.
B5468 | R7.62 | S5006 | 91224 | uzdon | 9595 @Ry | o7 | wasr | e | woTaT | n2ar | ones: | ngF | ozeTe [ izven | rzeso | 1312 _
ss | se [ st | 7 L 5 | 76 R EREE R 3 | s+ | ss [ se Clasj E: nickel /Mo alloy
Cs | Ba * Hf Ta W Re | Os Ir gl Au | He | T Ph Bi Po At Rn powder.
13201 | 137.33 (T840 | 18095 | 18384 | 18621 | 19023 | (9222 | (9508 | 19697 | 20050 | 20438 | 2072 | Z08.08 | (209 200y | (222 )
; Class F: other nickel alloy
B 4y EO.103 104 1015 [y [T K [T LI i1 112 Ik 114 Ik 116 117 §E owder
Fr Ha # Rf b Sg Bh Hs Mt Ds Kp Cn Mh Fl Me Lw Ts Og P :
(223) {226) i 2S5 {265) (271 (Rl (2T i X TR (251 {280} (2R5] {256) (284 {250 (29530 i Had (294}
L r oo
Lanthanide 57 58 4G ) &1 62 61 64 S s e G &0 0 7
b & - 7 1 e - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
(3gor | 140002 | 1091 | 14a24 | (145 | 15036 | 15196 | 15725 | 15893 | 16250 | jed03 | 16706 | 1693 | 17305 | 17497
¥ Actinice #9 0] gj o3 o G4 03 B g7 (S o 101 101 102 ik
SCTIEs Ac Th Pa L Np Fu Am Cm Bk Cr Es Fm M No Lr
{227} 2330 | 2300 | 23R03 (23T {24 (243 {247 (24T (2515 {252} {257} {258) {250 (262}
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g MIL-DTL-32495A Additions

| | &
I 2 Classes
H He
T L | -
TS £ 13 14 13 16 17 4026 _
C Class A: un-alloyed niobium
X - Group XlI contains refractory metals - - T - o | powder
Li Be powders B C N 0 F Ne
694 | 90122 1081 | 12001 | 14007 | 15999 | 18998 | 20.180 Class B: niobium alloy powder.
11 | 4 13 14 15 16 17 15
Na Mg Al Si P 5 Cl Ar Class C: un-alloyed
22900 | 24305 3 4 5 [ 7 b 9 10 11 12 26982 | 23085 | 0974 | 3206 | 3545 | 30948 molybdenum powder.
] Fal) 21 il ] 24 25 2t 27 28 25 1] Al a2 Ak 4 35 i
K Ca Sc Ti v Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr Class D: molybdenum alloy
wous | 40078 | 44956 | 47867 | so042 | S1owe | s403s | 55845 | 58033 | 58693 | 63546 | 6538 | 69723 | 72630 | 74922 | 7897 | Toe04 | 83798 powder.
a7 35 39 40 41 47 43 44 45 46 47 4% 49 S0 5 53 53 a4 _
Rh | Sr Y Zr | Nb | Mo | Tc | Ru | Rh | Pd | Ag | €Cd | Im | Sn | Sb | Te | Xe | ClassE: un-alloyed tantajum
k5468 | 8762 | s5o06 | 91224 | u2oon | 9595 w8y | 107 | 1w2er | oeaz | w0787 | naar | nas2 | nga | ozee 2760 | 2690 | 1310 powder. (R0O5200)
is 36 57-T1 12 T3 74 15 Th 17 T8 T4 &0 gl g2 g3 B4 HS Hh Elees B el ale
Cs Ba = HI Ta W Re s Ir | Au Hg T Ph Bi Po At Rn q ' y
13281 | 13732 17849 | 18095 | 18384 | 18621 | 19023 | 19222 | 19508 | 19607 | 20050 | 20438 | 2072 | 20808 | 20 | o2 | 22 powder. (R05255)
87 4% B9-103 | jog 1005 10 107 108 104 110 11 12 113 114 15 116 17 118
. . . X . Class G: un-alloyed tungsten
Fr | Ra # Rf Db | Sg Bh Hs | Mt | Ds | Re | Cn | Nn | F1 Me | Lw Ts Og g y 9
229 | 226 2osy | ey | v | o | ozrm | e | oc2sme | a2soy | ocams | oo2ser | c2se | 2mey | 203y | q2eay | 204 | POWOET
Class H: tungsten alloy
L r oo
Lanthanide 57 55 54 ) 61 62 5 64 65 66 67 68 69 70 71 powder. (WC-Co)
b & - 7 1 e - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
3gon | 140002 | a0 |oraa2a | (45 | gsoas | 1siee [ 15725 | 15893 | 16250 | 16493 | 16726 | 16803 | 17305 | 17407 Class J: un-alloyed rhenium
powder.
8 Actinide 9 ) al 03 i 94 5% O 97 o i 1 (M) 101 02 103
s Ac Th Pa u Np F ’ A | Cm Bk Cr & Fn | Md No Lr Class K: rhenium alloy powder.
{227} 304 | 2510 | 23303 (237 {24 (243} {247 (24T (251 {252) 1257 (258 {250 (262}
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MIL-DTL-32495A Additions

U.S.ARMY
| | &
I 2 Classes
H He
-l - -
TS £ 13 14 13 16 17 4026 :
c = Class A: un-alloyed platinum
X - Group XlII contains Platinum Group metals - - T - 1 powder.
Li Be powders B C N 0 F Ne _
83 | G012 wEl | rzon | iaoo7 | iseee | 13998 | 20080 Class B: platinum alloy powder.
11 | 4 13 1d 15 16 17 15 .
: e . . Class C: un-alloyed palladium
Na | Mg Al Si P 5 Cl Ar e sedlle
22990 | 24305 3 4 5 (V] 7 B 9 10 11 12 26982 | 23085 | 0974 | 3206 | 3545 | 30948 P '
1] i |} 2l il L3 24 23 21 27 2 25 & 3l a2 il 4 A A6 Class D: palladium alloy powder.
K Ca b Ti v Cr Mn Fe Co Ni Cu £n Ga Ge As He Br kr
o008 | S0078 | 44956 | 47867 | 50042 | 519096 | 54038 | 55845 | 58033 | 58603 | 63546 | 6538 | 69723 | 72630 | 74922 | 7R97 | 7904 | 23798 Class E: un-alloyed iridium
¥ 38 i 4 41 42 43 44 45 46 47 48 49 S0) 5 52 53 a4 powder.
Kh Sr Y L MNh Mo Te Hu Kh Pd Ag Cd In sn Sh Te | Xe Class F: iridium allov powder
Bsde8 | 8762 | Ss906 | 91224 | 92006 | 95495 gy [ 17 | o2 | oedr | w7E7 | n24r | nas2 | ngTr | oizeme | 12760 | izeso | 13120 : y P '
33 36 57-T1 72 71 74 T3 Ty [ T8 ] B0 gl g2 g1 L HS Ef Class G: un-alloyed rhodium
Cs Ba = HI Ta W Re s Ir M Au Hg T Ph Bi Po Al Rn powder.
13201 | 137.33 L7840 | 182095 | 18384 | 18620 | 19023 | 19222 | 19508 | 196907 | 20050 | 20438 | 2072 | 20808 [ (209 | 2000 | (222
47 4y | B9-103 | o 1015 i35 107 T 1w 10 11 12 TE 114 1% 116 17 118 Class H: rhodium alloy powder.
Fr Ra # Rf Db Sp Eh Hs Mt Ds Hg Cn Nh Fl Mc Lv Ts g )
(223 | (226) ixesy | oa2e%y | 2t | o2non | 2 | i2ver | 2%y | 2800 | o285y | 2me | o289 | q28ey | (293 | 204y | (294) Class J: un-alloyed osmium
powder.
* T - - . .
Lanthanide . P %5 &1 &1 & 61 64 a5 P &7 &8 0 210 2 Class K: osmium alloy powder.
b & - 7 1 e - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu _
p3Ron | r4o002 | a0 | oraa2d | (145 | ps03s | 15106 | 15725 | 15893 | 16250 | jed03 | 16726 | 1es03 | 17308 | 17407 Class L: un-alloyed ruthenium
powder.
8 Actinide 20 ) g1 g2 93 ug s h a7 0% G (M) 1 032 103 _
P Ar Th Pa U Np Pu Am Cm Bk Cf Ex Fin A No Lr Class M: ruthenium alloy powder.
{227} 304 | 2510 | 23303 (237 [ 2 (243} {247 (24T (251 {252) 1257 (258 {250 (262}
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g MIL-DTL-32495A Additions

| &
I 2 Classes
H He
| (K% 2 13 14 15 16 17 40026 T
C C C Class A: un-alloyed titanium
3 4 (:;rOL_Ip XIV contains titanium and 5 [ 7 & g 10 powder. (ASTM Grade 1-4)
Li | Be titanium-based alloy powders B | € N | O F Ne
694 | 90122 1081 | 12001 | 14007 | 15999 | 13998 | 20.180 Class B: Alpha/Near Alpha
I 12 13 14 15 16 17 1% titanium alloy powder.
MNa Mg Al Si P 5 l Ar
22990 | 24305 3 3 5 (] 7 b 9 10 11 12 0982 | 28085 | 0974 | 3206 | 3545 | 39948 Class C: Alpha/Beta titanium
19 20 21 ¥ 23 24 25 26 27 24 29 30 31 32 33 34 35 36 alloy powders. (ASTM Grade 5
K Ca Sc Ti v Cr Mn Fe Co i Cu Zn Ga Ge As Se Br Kr Ti-6Al-4V & ASTM Grade 23
aonod | 40078 | 44956 | 47867 | S04 | S1deen | s4038 | 55845 | 58033 | SHA9L | 63546 | 6538 | 60723 | 7res0 | 7422 | 7RO | 7904 | ®3T9R Ti-6Al-4V)
a7 L] 0 40 41 43 43 44 45 46 47 4% 49 80} 5] 52 53 54 .
Rh | Sr Y Zr Nb | Mo | Te Ru Rh | Pd | Ag | Cd In Sn Sh | Te I Xe Class D: Beta/Near Beta
K5d68 | B7.62 EERdn | 91224 | Ul il | usos (GH ) o7 | owaer | wedar | 107E7 | nadr | pag: | ngd | oraege | 127en | izesn | 13120 titanium alloy powder.
i3 bt i} 57-T1 12 T3 T4 T5 T 77 T8 T &0 gl g2 g1 K4 =5 =6
s Ea » HI Ta W He = Ir * An Hg Tl Ph Bi Po Al Rn
13201 [ 13733 [TRAD | I1B095 | 18384 | 18620 | 19023 | 19222 | 19508 | 19607 | 20050 | 20438 | J072 | 20898 | (204 (2 | (2n
7 4% E9-103 104 [1K5 [ (3 TiT i LI 110 i1 12 T E] 114 s 116 117 L1%
Fr Ha # Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Me Lv Ts Og
(223) (226} i 2050 {265) 271 (2700 (27T { XThH (251 (250} [ ZH5) { 2R6) i 2R { 2EL) (23 ) (294 )
* L.m:l]_mnidc . . & &) Bi &3 1 B4 Fe B &7 & &0 T 71
seres La Ce Pr Nd Pm Sm Fu | Gd Th Dy Ho EFr | Tm Yh Lu

138,91 14012 | Dl e 14424 (143} 13436 1504 | 15725 | 15893 | 16250 | 16493 16726 | 16593 173005 | 174497

¥ Actinude Kl LT e | L D4 L ] L] oy U F ] Gep 1LH} 101 12 10h3
SCTIes Ac Th Pa L NP Pu Am Cm Bk iCr Fs Fm M M Lr
{227} 27304 | 2310 | 23R03 (23N (244 (243) (247) (24T (351 {252) {257 {258 { 2443 (262)
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g MIL-DTL-32495A Additions

| | &
I 2 Classes
H He
T L | -
(] £ 13 ) 15 13 17 4 K126 q
c c Class A: un-alloyed chromium
; . Group XV contains chromium, and : - - - ; = e
=] s chromium-based alloys powders L [
694 | 90122 I0RL [ 12001 | 14007 | 15999 | 13998 | 20180 Class B: chromium alloy
I Iz 13 14 L5 15 17 1% powder.
M Mg Al Si P 5 Cl Ar
27 950 | 24305 3 4 5 (] 7 b 9 10 11 12 20082 | 28085 | 30974 | 3206 | 3545 | 39.948
] Fal) 21 il ] 24 25 2t 27 28 25 1] Al a2 Ak 4 35 i
k Ca Sc Ti v Cr Mn Fe Co Ni Cu £n (a (e As Se Br kr
39088 | 40078 | 44956 | 47867 | S0042 | 514 | 54438 | 55845 | SRO33 | SHA93 | 63546 | 6538 | 69723 | TXA30 | 740922 | TROT | T9m04 | B3 TR
37 I8 3 40 41 43 43 44 45 46 47 43 49 50 5] 52 53 54
Kh Sr Y L MNh Mo Te Hu Kh Pd Ag Cd In sn Sh Te | Xe
B5468 | B7.62 | 5506 | 91224 | 92906 | 9595 98y | 1007 | w28 | a4 | 07E7 | n2a | n4as: | E7 | i2eTe [ 127e0 | 12eso | 13120
is 36 57-T1 12 73 74 15 Th 17 T8 T4 &0 gl g2 g3 B4 HS Hh
Cs Ba - HI Ta W Re s Ir H Au Hg Tl Ph Bi Po Al Rn
13291 | 137.33 L7TRA9 | 18095 | 18384 | 18621 | 19023 | 19222 | 19508 | 19697 | 20050 | 20438 | X072 | 20898 | (209 (200 | (222
87 B8 BO.103 134 i 113 Tiy, 3K 10 [y 111 12 K 114 NS I 16 117 L1%
Fr R # Rf b Sg Bh Hs Mt Ds Kp Cn MNh Fl Me Lw Ts Og
(223) {226) i 2S5 {265) (271 (Rl (2T i X TR (251 {280} (2R5] {256) (284 {250 (29530 i Had (294}
L r oo
L..ml]_mmdc . . & &) Bi &3 1 B4 Fe B &7 & &0 T 71
b & - 7 1 e - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
(3o [ 140002 | pan9r | 14424 | (145} | ps036 | 15196 | 15725 | 15893 | 16250 | jedo3 | 16706 | 1eE93 | 17305 | 17497
¥ Actinice 59 Y g g o3 g 03 B 97 s L 104} 101 1032 Ly
A A Th P [__’ NP Pu Am f:l'.l'l Bk [_T Es Fm Ml ) IL.r
{227} 2330 | 2300 | 23R03 (23T {24 (243 {247 (24T (2515 {252} {257} {258) {250 (262}
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MIL-DTL-32495A Additions

U.S.ARMY
| 15
| 2
H He
TIE 2 . L 13 14 15 16 17 40026
- . Group XVI contains lithium, and - - - - ; "
| De lithium-based alloys powders L [
fod | anpz2 gl | izonn | 107 | 1seee | 18998 | 200080
11 12 13 14 1% 1t iy 15
Ma Mg Al bt P b il Ar
22990 | 24305 3 4 5 ) 7 b 9 10 11 12 6082 | 25085 | 0974 | 3206 | 3545 | 3994R
19 20 21 22 23 24 25 26 27 2% 29 50 31 32 33 Lt 35 36
k Ca Se Ti v Cr Mn Fe Co Mi Cu Zn (;a Ge As Se Br kr
w008 | 20078 | 49956 | 47867 | s0942 | s1ove | S4938 | 55845 | 58933 | sae93 | 63546 | 6sas | ee72y | 72630 | 74922 | 7897 | 7emos | s3.798
17 8 i 40 41 42 43 44 45 46 47 438 49 500 5 52 53 54
143 Sr Y Lr Nh Mo Te Ru Rh Pd Ag Cd In Sn Sh Te I Xe
gs.a68 | 8762 | sso06 | 91224 | 92506 | 9595 @y | o7 | waer | wear | wo7ET | nzar | nas2 | nsdr | izeae [ 2760 | izeso | 1310
55 s6 | st | 72 73 el 75 74 77 7% 79 B0 81 B2 83 K4 85 s
s Ba * HI Ta W He (= Ir q | An Hg Tl Ph Bi Po Al Rn
13201 | 13733 [7T849 | 18095 | 18384 | 18621 | 19023 | 19222 | 19508 | 19697 | 20059 | 20438 | 2072 | 20898 | (209 | (2 | (222
47 4% £9-103 104 K5 135 Tix, (kK 14 L1 11 12 TE 114 s 6 17 118
Fr K # B I Sp Fh Hs Mt s Hg Cn MNh F1 i [ Lw T g
(223) (226} i 2050 {265) 271 (2700 (27T { XThH (251 (250} [ ZH5) { 2R6) i 2R { 2EL) (23 ) (294 )
= - s §
Lanthanide 57 5% 54 1 Y 62 Al 64 s s &7 G 5 0 71
L N - " Bl “ - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
tagor | oraoz | oo | 14a24 | (145 | 5036 | 1s1ee | 15725 | 15803 | 1e250 | pee01 | 16706 | 1ega3 | 17305 | 17497
8 Actinide %9 0 Gl g3 91 ug 9% W 97 s 4 11K} 11 102 10h3
A A Th P [__’ NP Pu Am f:l'.l'l Bk [_T Es Fm Ml ) IL.r
{227} 159 4 10 | ARG (23T { 244 (243} (247} {247 (2515 {252} {257} { 25K} { 250 (262

Classes

Class A: un-alloyed lithium
powder.

Class B: lithium alloy powder.
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MIL-DTL-32495A Additions

U.S.ARMY
| | &
1 2
H He
I IH0% 2 . 13 14 15 16 17 40026
; . Group XVII contains Rare Earth powders : - - - ; "
Li Be B C N 0 F Ne
694 | 90122 Al | 1zon | 14007 | 15999 | 18998 | 20.180
11 | 4 13 14 15 16 17 15
Ma Mg Al Si P 5 1 Ar
22900 | 24305 3 4 5 (V] 7 B 9 10 11 12 MUK | 2R08% | 0974 | 1206 | 3545 | 30948
] Fal) 21 il ] 24 25 2t 27 28 25 1] Al a2 Ak 4 35 i
K Ca b Ti v Cr Mn Fe Co Ni Cu £n Ga Ge As He Br kr
008 | 40078 | 44956 | 47867 | S0542 | S1996 | 54938 | 55845 | 58933 | SHe93 | 63546 | 6538 | 69723 | T2ea0 | 74922 | 7897 | 79m04 | 83798
7 gh 0 a0 41 42 43 44 45 46 47 4% 49 50 5] 52 53 54
Kh Sr Y L MNh Mo Te Hu Kh Pd Ag Cd In sn Sh Te | Xe
B5468 | 8762 | sso06 | 91224 | 920906 | 9595 o8 | 107 | w2en | w642 | wrET | 2 | nasz | g7 | izee 12760 | oizesn | 13129
is 36 57-T1 12 73 74 15 Th 17 T8 T4 &0 gl g2 g3 B4 HS Hh
Cs Ba = HI Ta W Re s Ir | Au Hg T Ph Bi Po At Rn
13201 | 13733 7849 | 18095 | 18384 | 18621 | 19023 | (9222 | 19508 | 19697 | 20050 | 20438 | 2072 | 208098 | (209 | 20 | 0222)
47 4% B9-103 | g 105 100y 1617 1008 109 10 11 112 TE 114 TE 116 117 1%
Fr Ha # Rf ¥k Sp Eh Hs Mt D= Hg Cn ™h F1 Mc Lv Ts g
(223) {226) i 2S5 {265) (271 (Rl (2T i X TR (251 {280} (2R5] {256) (284 {250 (29530 i Had (294}
L r oo
Lanthanide 57 % 54 1 Y £ A £ s o &7 6 i 0 71
b & - 7 1 B - r
smllat La Ce Pr W Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
tagur | oraoaz | oranen | oraazd | 1as | psnss | 1sies | 15728 | 1ssed | ie2so | pego | 16706 | 1ega3 | 17308 | 174097
8 Actinide 29 ) ag g1 94 94 0% O a7 o o 1K) 101 032 103
SCTIEs Ac Th Pa L Np Fu Am Cm Bk Cr Es Fm M No Lr
{227} 2330 | 2300 | 23R03 (23T {24 (243 {247 (24T (2515 {252} {257} {258) {250 (262}
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g MIL-DTL-32495A Additions

| &
! 2 Classes
H He
-l - -
| IS £ 13 [ 15 16 17 4 (K126 '
: : Class A: Carbide Based
. . Group XVIII contains Metal Matrix : - . - ; " Blends alloy powder. (CrC-Ni
Li He Composn:e powders B C ™ 0 k Ne blend, CrC-NiCr blend)
fi 4 SOz Kl 120001 14 (KN7 | 5 SEER (R 2. Bib
11 12 13 14 15 14 1T 15
Ma Mg Al bt P b il Ar
27 950 | 24305 3 4 5 (] 7 b 9 10 11 12 20082 | 28085 | 30974 | 3206 | 3545 | 39.948
19 20 21 2 A 24 25 26 2 ] 2% 30 3l a2 33 4 as 36
k Ca Sc Ti v Cr Mn Fe Co Ni Cu n (a1 (e As Se Br kr
JUKEE | A00TH 44 956G 4T BT SOk g2 51 i8ry 54 4R 55 845 SR.OLE SE.ALE | 635406 (5 3% G5 TR T2.A0H) 4022 TE 97 T g i TR
a7 i 3L 40 41 47 43 44 45 46 47 48 45} S0 5] i 53 54
Rh Sr Y fir MNh Mo Te Ru Rh Pd Ag Cd In Sn Sh Te I Xe
K5 AhGE KT.62 e e | o] 224 S Ly LI 15 L] 10K 407 1002 4] 10 42 [T =T 11241 114 .52 11E.T] 121,76 127 600 | 26 5H) 131,24
is 36 57-T1 72 73 74 15 T 77 78 T4 20 gl g2 g3 B4 BS b1
s Ba * HI Ta W He (= Ir q | An Hg Tl Ph Bi Po Al Rn
132 9| 137.13 | T8 49 180 95 18354 18621 156,23 192232 195 0 ] Gy T 2509 | 204 38 2072 208 Of { 2CEF) {21 (222
BT X5 EQ-Is 4 (K] (LEH (LN (L1, 1 1140} i1 112 113 114 115 11 107 115
Fr H: . B 1 Sp Fh Hs Mt s Hg Cn ™h K1 % [ Lw T g
(223) [226) i RS {265 (271 (27N (2Th 1 X76) (251} {280} (2H5) {256) [ 2H9 {250 (L 2o (294)
L r " ¥
L..ml]_mmdc . . & &) Bi &3 1 B4 Fe B &7 & &0 T 71
L & - " Bl “ - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
138 491 | 40b, 02 (RN 144 24 {145} | 54035 151 s 157,25 155 494 162 500 16 53 16726 168 93 173005 1’747
¥ Achmde Kl LT e | L D4 L ] L] oy U F ] Gep 1LH} 101 12 10h3
A A Th P [__’ NP Pu Am f:l'.l'l Bk [_T Es Fm Ml ) IL.r
{227} 27304 | 2310 | 23R03 (23N (244 (243) (247) (24T (351 {252) {257 {258 { 2443 (262)
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MIL-DTL-32495A Additions

| | &
1 2
H He
I IH0% 2 . 13 14 15 16 17 40026
; . Group XIX amorphous and high : - - - ; "
=] s entropy alloy based powders L [
694 | 90122 Al | 1zon | 14007 | 15999 | 18998 | 20.180
11 | 4 13 14 15 16 17 15
Ma Mg Al Si P 5 1 Ar
229000 | 24305 3 4 5 b 7 # 4 10 1 12 26982 | 28085 | 30974 | 3206 | 3545 | 39948
] Fal) 21 il ] 24 25 26 27 28 2 1] Al a2 Ak 4 35 i
K Ca b Ti v Cr Mn Fe Co Mi Cu £n Ga Ge As He Br kr
w008 | 40078 | 244956 | 47867 | S0542 | S1996 | 54938 | 55845 | 58933 | SHe03 | 63546 | 6538 | 69723 | T2ea0 | 74922 | 7897 | 79o04 | 8379k
7 gh 0 a0 41 42 43 44 45 46 47 4% 49 50 5] 52 53 54
Kh Sr Y L MNh Mo Te Hu Kh Pd Ag Cd In sn Sh Te | Xe
B5468 | 8762 | sso06 | 91224 | 920906 | 9595 o8 | 107 | w2en | wea2 | wrEr |z | nas2 | g7 | izeae 12760 | izesn | 13129
is 36 57-T1 12 73 74 15 Th 17 T8 T4 &0 gl g2 g3 B4 HS Hh
Cs Ba = HI Ta W Re s Ir M Au Hg T Ph Bi Po At Rn
13201 | 13733 17849 | 18095 | 18384 | 18621 | 19023 | (9222 | 19508 | 19697 | 20050 | 20438 | 2072 | 208098 | (209 | 20 | 0222)
47 4% B9-103 | g 105 100y 1617 1008 1 10 11 112 TE 114 TE 116 117 1%
Fr Ra # Rf ¥k Sp Eh Hs Mt D= Hg Cn Nh Fl Mc Lv Ts g
(223) {226) i 2S5 {265) (271 (Rl (2T (2T (251 {280} (2R5] {256) (284 {250 (29530 i Had (294}
L r oo
Lanthanide 57 5% 54 1 Y £l Al 64 s s &7 G 5 0 71
b & - 7 1 e - r
smllat La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yh Lu
tagor | oraoz | oo | 14a24 | (145 | 5036 | 1s1ee | 15725 | 15803 | 1e250 | pee01 | 16706 | 1ega3 | 17305 | 17497
8 Actinide 29 ) ag g1 94 94 0% O a7 o o 1K) 101 032 103
A A Th P [__’ NP Pu Am f:l'.l'l Bk [_T Es Fm Ml ) IL.r
{227} 2330 | 2300 | 23R03 (23T {24 (243 {247 (24T (2515 {252} {257} {258) {250 (262}

Classes

Class A: Amorphous alloy
powder.

Class B: High entropy alloy
powder.
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g MIL-DTL-32495A Flow Chart

Certified Testing

Activities MIL-DTL-32495A

« Performs

’//' requested tests

Mission Vendor CEA PA QPD
Need
«  Submits «  Reviews test «  Final * Product
« Drives powder documents reviewer database for

sample to « Authorizes « Update QPD contract

requirements procurement

set by CEA CTA spec « Indicates
« ID vendor # *  Submits test |* deviations as » any |» * NSNs
documents required by deviations as * 2year

tnhea:atdSuploorts to CEA mission authorized retal_n.me_nt
» Spec allows  Ensures need by CEA gualification

for frozen «  Submits

procurement process for approved

of required retainment powders to

powder gualification PA

i
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@ 7 MIL-DTL-32495A Test Requirements

U.S.ARMY

TESTING
REFERENCE
REQUIREMENTS TEST METHOD

Qualification vs Conformance Tests ASTM E3061 481 x

40 CFR 261, 40 CFR 401.15, and
40 CFR 63

’:’ 42 A” teSt reSUItS are forwarded to CEA for Non-metallic impurities (3.2.3) ASTM E1131 4.6.2.1 X

maintaining and submission to PA SEMERT e .

Light
scattering

Prohibited materials (3.2.2) X

Particle size distribution (3.2.4) ASTM B822 4.6.3 X

 Determination of Suitable CS Powders

Visual inspection

 Evaluation of quality and sprayability ores speclied it | 5 x
purchase order

- Evaluation of “Grade 2” powders ASTMBOSS 465 Z

Visual Inspection X

) 1 1 1 1 etallographic coupon i
s Ensuring properties for structural applications Meteto s e i T T LS )
5 . . Sprayability E2109
* Retention qualification (3:252)
Adhesion strength test Adhesion strength 46621 %
specimen (3.2.5.2.2) ASTM C633 St

s DD Form 1718 (Cert. of Qualified Products)

; . MIL-STD-3021 and <
* Images of Powders (In progress) ASTM ES/EBM

Tensile
Mechanical properties (3.2.6) properties 4.6.7 & Table
Grade 2 only. @okaq | AcTMEESH 5 x
)

Manufacturing Process (3.2.7) - 33-22-11 6“11”11 o

| UNCLASSIFIED: Approved for Public Release; Distribution is Unlimited The Nation,s Premier Laboratory for Land Forces
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7 MIL-DTL-32495A Packaging and Shelf Life

US.ARNY)§

* Oxygen and moisture can affect ability to spray and deposit powders

» Avoiding exposure to atmosphere is best practice for cold spray powders

» Shelf-life of powder vary from powder to powder

» Packing in appropriately sized containers reduces unnecessary environmental exposure

» Contracting officer sets packaging requirements or selects a recommendation

 Individually inert packed, sealed metal container for protection, desiccant packets to prevent moisture
 Individual plastic bags, sealed metal container, desiccant packets

» Individual plastic bags, sealed plastic container

UNCLASSIFIED: Approved for Public Release; Distribution is Unlimited The Nation,s Premier Laboratory for Land Forces
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7 MIL-DTL-32495A Submission Package

Ang . . e COMPANY & POC
 Initial samples are forwarded to testing activities SERVICE | MATERAL | Grour | crass | awwov | rvee

 Test results forwarded to CEA

« See 6.6 Submission Package for guidance REQUIREMENT COMPLETED
« CEA may use own certified facility Chemical composition (3.2.1)
Prohibited materials (3.2.2) N/A
- 1SO 9000/IEC 17025, NADCAP, NVLAP certified reports B
. . Particle size distribution (3.2.4)
« CEA approved submissions forwarded to PA Images of Powders
Light scattering
* PA serves as final reviewer and QPD manager Quality (3.2.5)

Flowability (3.2.5.1)
. . Sprayability (3.2.5.2
- QPD manager also maintains document records e A —E

Adhesion strength test specimen (3.2.5.2.2)

Tension test specimens (3.2.6.1) Grade 2 only.

Mechanical properties (3.2.6) Grade 2 only

Tensile properties (3.2.6.1.1)
Manufacturing Process (3.2.7)
Shelf life (3.2.8)

Additional requirements:

' UNCLASSIFIED: Approved for Public Release; Distribution is Unlimited The Nation,s Premier Laboratory for Land Forces
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2 Questions

* Forward guestions and comments to:
« Brian E. Placzankis - ARL Specifications & Standards Office, PA
Brian.e.Placzankis.civ@mail.mil
410-306-0841
« William S. Lum - ARL Specifications & Standards Office, QPD Manager

William.s.lum.civ@mail.mil

410-306-0706

* Gehn D. Ferguson - ARL Cold Spray Action Team
Gehn.d.ferguson.civ@mail.mil
(410) 306-0751

t
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Thanks!

t
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