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17-4 PH Stainless Steel
MATERIAL DATASHEET

Typical Mechanical Properties Standard Markforged H900 MIM H900 ASTM A564 H900

Ultimate Tensile Strength  ASTM E8 1250 MPa 1190 MPa 1310 MPa

0.2% Yield Strength ASTM E8 1100 MPa 1090 MPa 1170 MPa

Elongation at Break ASTM E8 6% 6% 10%

Tensile Modulus ASTM E8 170 GPa 190 GPa 190 GPa

Hardness ASTM E18 36 HRC 33 HRC 40 HRC

Corrosion ASTM F1089 Pass Pass Pass

Relative Density ASTM B923 96% 95.5% 100%

Composition Amount

Chromium 15-17.5%

Nickel 3-5%

Copper 3-5%

Silicon 1% max

Manganese 1% max

Niobium 0.15-0.45%

Carbon 0.07% max

Phosphorous 0.04% max

Sulfur 0.03% max

Iron bal

       Markforged H900 Heat Treated
17-4 PH stainless steel processed with the Markforged 

0HWDO�;�V\VWHP�KHDW�WUHDWHG�WR�+����VSHFLƮFDWLRQ�

       ASTM A564 H900 Heat Treated
ASTM A564 17-4 PH stainless steel heat treated to 

+����VSHFLƮFDWLRQ�

       MIM H900 Heat Treated
17-4 PH MIM standard stainless steel heat treated to 

+����VSHFLƮFDWLRQ�

REV 2.1 - 7/02/2020
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17-4 PH SS

Wrought 
17-4 PH SS

Markforged 
17-4 PH SS

$OO�GDWD�DQG�JUDSKV�RQ�IURQW�SDJH�UHưHFW�YDOXHV�RI�+����KHDW�WUHDWHG������3+�66��0DUNIRUJHG�UHSUHVHQW�W\SLFDO�WHVWHG�YDOXHV��ZKLOH�0,0�+����
and Wrought H900 represent typical reference values from MPIF Standard 35. For values of Markforged printed 17-4 PH SS as-sintered and with 
+�����KHDW�WUHDWPHQW��SOHDVH�VHH�WKH�UHYHUVH�VLGH��$OO�FRPSRVLWLRQ�DQG�p$V�6LQWHUHGq�GDWD�YHULƮHG�E\�D�WKLUG�SDUW\�WHVW�IDFLOLW\��$OO�PLFURVWUXFWXUH�
images etched and photographed at Markforged.
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A2 Tool Steel
MATERIAL DATASHEET

Typical Mechanical Properties Standard
Markforged 
As-Sintered3

Markforged 
Heat-Treated1

Wrought 
Heat Treated

0.2% Compressive Yield Strength ASTM E9 up to 900 MPa 1170 MPa —

Elastic Modulus ASTM E9 180 GPa 160 GPa 190 GPa

Hardness ASTM E18 up to 50 HRC 50 HRC 63 HRC

Relative Density4 ASTM B923 94.5% 94.5% 100%

Composition Amount

Chromium 4.75-5.5%

Molybdenum 0.9-1.4%

Carbon 0.95-1.05%

Manganese 0.4-1%

Phosphorus 0.3% max

Vanadium 0.15-0.5%

Silicon 0.1-0.5%

Iron bal

REV 1.2 - 06/01/2020

1. Markforged heat-treated A2 tool steel was heated to 970°C (1780°F) and single tempered at 200°C (392°F) for 30 minutes. 
���7HPSHULQJ�WHPSHUDWXUH�KDV�D�VLJQLƮFDQW�HƬHFW�RQ�ƮQDO�PDWHULDO�SURSHUWLHV��)RU�KLJKHU�KDUGQHVV��WHPSHU�DW�ORZ�WHPSHUDWXUHV��)RU�KLJKHU�WRXJKQHVV��WHPSHU�DW�KLJKHU�
temperatures. 
���$V�VLQWHUHG�KDUGQHVV�FDQ�YDU\�VLJQLƮFDQWO\�EDVHG�RQ�IXUQDFH�ORDGLQJ�DQG�DPELHQW�HQYLURQPHQW��0DUNIRUJHG�UHFRPPHQGV�SRVW�VLQWHU�KHDW�WUHDWPHQW�IRU�PD[LPXP�
KDUGQHVV�DQG�FRPSUHVVLRQ�VWUHQJWK�
���5HODWLYH�GHQVLW\�IRU�$��DVVXPHV�D�GHQVLW\�RI������J�FP��

7KHVH�GDWD�UHSUHVHQW�W\SLFDO�YDOXHV�IRU�0DUNIRUJHG�$��7RRO�6WHHO�DV�VLQWHUHG��0DUNIRUJHG�VDPSOHV�ZHUH�SULQWHG�ZLWK�VROLG�ƮOO��5HODWLYH�GHQVLW\�DQG�DV�VLQWHUHG�KDUGQHVV�
ZDV�WHVWHG�LQ�KRXVH��$OO�RWKHU�GDWD�ZHUH�WHVWHG�DQG�FRQƮUPHG�E\�RXWVLGH�VRXUFHV��7KHVH�UHSUHVHQWDWLYH�GDWD�ZHUH�WHVWHG��PHDVXUHG��RU�FDOFXODWHG�XVLQJ�VWDQGDUG�PHWKRGV�
DQG�DUH�VXEMHFW�WR�FKDQJH�ZLWKRXW�QRWLFH��0DUNIRUJHG�PDNHV�QR�ZDUUDQWLHV�RI�DQ\�NLQG��H[SUHVV�RU�LPSOLHG�

150um

2WKHU�'HVLJQDWLRQV��816�7�������',1����������;���&U0R9���6.'����%$�

Heat Treatment
$��WRRO�VWHHO�FDQ�EH�KHDW�WUHDWHG�WR�LQFUHDVH�KDUGQHVV�DQG�GXUDELOLW\��0DUNIRUJHG�UHFRPPHQGV�KHDW�WUHDWLQJ�$��WRRO�VWHHO�WR�RSWL-
PL]H�PDWHULDO�SURSHUWLHV��WKRXJK�LW�FDQ�EH�XVHG�DV�VLQWHUHG��

1. +HDW�$��7RRO�6WHHO�SDUW�LQ�D�VWDQGDUG��QRQ�YDFXXP��IXUQDFH�WR�����&�������)����+ROG�SDUW�DW�WHPSHUDWXUH�IRU�������PLQXWHV�
2. $LU�TXHQFK�SDUW�WR�EHORZ����&�������)��
3. 'RXEOH�WHPSHU�$��7RRO�6WHHO�SDUW�LQ�D�VWDQGDUG�IXUQDFH��)RU�HDFK�WHPSHU��KHDW�SDUW�WR���������&2�����������)��DQG�WHPSHU�IRU���KRXUV��RU���

KRXU�SHU�LQFK�RI�WKLFNQHVV��,I�GRXEOH�WHPSHULQJ��OHW�SDUW�FRRO�WR�URRP�WHPSHUDWXUH�EHWZHHQ�WHPSHUV��

$��WRRO�VWHHO�LV�D�KLJKO\�YHUVDWLOH�DLU�KDUGHQLQJ�WRRO�VWHHO�RIWHQ�UHJDUGHG�DV�D�pXQLYHUVDOq�FROG�ZRUN�VWHHO��,W�RƬHUV�D�FRPELQDWLRQ�RI�
JRRG�ZHDU�UHVLVWDQFH��EHWZHHQ�2��DQG�'���DQG�WRXJKQHVV��&RQVLGHUHG�UHODWLYHO\�HDV\�WR�PDFKLQH�LQ�WKH�DQQHDOHG�FRQGLWLRQ��LW�KDV�D�
KLJK�FRPSUHVVLRQ�VWUHQJWK�DQG�JRRG�GLPHQVLRQDO�VWDELOLW\�GXULQJ�KDUGHQLQJ�DQG�WHPSHULQJ��,WoV�XVHG�IRU�D�ZLGH�YDULHW\�RI�FROG�ZRUN�
WRROV��IURP�IRUPLQJ�DQG�FXWWLQJ�HTXLSPHQW�WR�KLJK�ZHDU�SDUWV��
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���7HQVLOH�EDUV�DUH�VXE�VL]HG�DQG�DUH�VOLFHG�ZLWK�GHIDXOW�FRSSHU�VHWWLQJV�H[FHSW�UDIW�LV�WXUQHG�RƬ��&RSSHU�GHIDXOWV�WR�VROLG�SDUWV�
2C%I+FJEKL%EJ%G1J+M%)F%1%KN+)O+KEP1H%Q1HR+%)S%'C.5T>PPC
/C%&H+PKOEP1H%P)FMRPKEQEKLU%VN+F%+Q1HR1K+M%VEKN%+MML%PROO+FK%EFJKOR*+FKJU%EJ%RJR1HHL%+D,O+JJ+M%1J%1%,+OP+FK1T+%)S%KN+%P)FMRPKEQEKL%)S%KN+%:FK+OF1KE)F1H%!FF+1H+M%;),,+O%
6WDQGDUG����,$&6���7KH�FRQGXFWLYLW\�RI�WKH�$QQHDOHG�&RSSHU�6WDQGDUG�LV�GHƮQHG�WR�EH������´�����6�P��������,$&6��DW����&�
���7KHUPDO�GLƬXVLYLW\�PHDVXUHG�SHU�$670�(������'LƬXVLYLW\�ZDV�FRQYHUWHG�WR�&RQGXFWLYLW\�XVLQJ��7KHUPDO�&RQGXFWLYLW\� �7KHUPDO�'LƬXVLYLW\��'HQVLW\��6SHFLƮF�+HDW��
$VVXPLQJ�VSHFLƮF�KHDW�RI�&RSSHU� �������-�J�.�SHU�p+DQGERRN�RI�&KHPLVWU\�DQG�3K\VLFV���QG�(GLWLRQ�q
���0DUNIRUJHG�DV�VLQWHUHG�&RHƱFLHQW�RI�7KHUPDO�([SDQVLRQ��&7(��ZDV�PHDVXUHG�E\�D��UG�SDUW\�ODE�XVLQJ�7KHUPDO�0HFKDQLFDO�$QDO\VLV��$670�(������7KH�0,0�KDQGERRN�
O+S+O+FP+%RJ+M%1%0RJN%()M%IEH1K)*+K+O%W!"#$%&22'X

7KHVH�GDWD�UHSUHVHQW�W\SLFDO�YDOXHV�IRU�0DUNIRUJHG�&RSSHU�DV�VLQWHUHG��0DUNIRUJHG�VDPSOHV�ZHUH�SULQWHG�ZLWK�6ROLG�,QƮOO�VHWWLQJ��$OO�YDOXHV�EDVHG�RQ��UG�SDUW\�WHVWLQJ�
H[FHSW�IRU�UHODWLYH�GHQVLW\�ZKLFK�ZDV�WHVWHG�E\�0DUNIRUJHG��7KHVH�UHSUHVHQWDWLYH�GDWD�ZHUH�WHVWHG��PHDVXUHG��DQG�FDOFXODWHG�XVLQJ�VWDQGDUG�PHWKRGV�DQG�DUH�VXEMHFW�WR�
FKDQJH�ZLWKRXW�QRWLFH��0DUNIRUJHG�PDNHV�QR�ZDUUDQWLHV�RI�DQ\�NLQG��H[SUHVV�RU�LPSOLHG�

&RSSHU�LV�D�VRIW��GXFWLOH�PHWDO�XVHG�SULPDULO\�IRU�LWV�HOHFWULFDO�DQG�WKHUPDO�FRQGXFWLYLW\��&RSSHUoV�KLJK�FRQGXFWLYLW\�PDNHV�LW�DQ�LGHDO�
PDWHULDO�IRU�PDQ\�KHDW�VLQNV�DQG�KHDW�H[FKDQJHUV��SRZHU�GLVWULEXWLRQ�FRPSRQHQWV�VXFK�DV�EXV�EDUV��PDQXIDFWXULQJ�HTXLSPHQW�
LQFOXGLQJ�VSRW�ZHOGLQJ�VKDQNV��DQWHQQDH�IRU�5)�FRPPXQLFDWLRQV��DQG�PRUH��7KH�DELOLW\�WR�SULQW�SXUH�FRSSHU�XVLQJ�0HWDO�;�HQDEOHV�
JHRPHWULFDOO\�RSWLPL]HG�SDUWV�WKDW�ZHUH�SUHYLRXVO\�H[SHQVLYH��WLPH�FRQVXPLQJ��RU�LPSRVVLEOH�WR�PDNH�
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D2 Tool Steel
MATERIAL DATASHEET

Typical Mechanical Properties Standard
Markforged 
As-Sintered

Markforged 
Heat-Treated1

Wrought 
Heat Treated2

0.2% Compressive Yield Strength ASTM E9 830 MPa 1690 MPa 2200 MPa

Elastic Modulus ASTM E9 170 GPa 187 GPa 210 GPa

Hardness3 ASTM E18 54 HRC 60 HRC 62 HRC

Relative Density4 ASTM B923  97% 97% 100%

Composition Amount

Chromium 11-13%

Carbon 1.4-1.6%

Molybdenum 0.7-1.2%

Vanadium 0.5-1.1%

Nickel + Copper 0.75% max

Manganese 0.1-0.6%

Silicon 0.1-0.6%

Phosphorus 0.03% max

Sulfur 0.03% max

Iron bal

REV 1.0 - 09/24/2019

1. Markforged heat-treated D2 tool steel was heated to 970°C (1780°F) and single tempered at 200°C (392°F) for 30 minutes. 
2. Wrought heat treatment data from Bohler-Uddeholm: http://cdna.terasrenki.com/ds/1.2379_X153CrMoV12_AISI-D2_SS-2310_Datasheet_2.pdf
���0DUNIRUJHG�KDUGQHVV�ZDV�PHDVXUHG�RQ�D�VDPSOH�FRXSRQ�WKDW�ZDV�SULQWHG�DW������LQƮOO�DQG�KDV�D����PP�GLDPHWHU�DQG����PP�KHLJKW�
4. Relative density for D2 assumes a density of 7.7 g/cm2. 
���7HPSHULQJ�WHPSHUDWXUH�KDV�D�VLJQLƮFDQW�HƬHFW�RQ�ƮQDO�PDWHULDO�SURSHUWLHV��)RU�KLJKHU�KDUGQHVV��WHPSHU�DW�ORZ�WHPSHUDWXUHV��)RU�KLJKHU�WRXJKQHVV��WHPSHU�DW�KLJKHU�
temperatures. 

7KHVH�GDWD�UHSUHVHQW�W\SLFDO�YDOXHV�IRU�0DUNIRUJHG�'��7RRO�6WHHO�DV�VLQWHUHG��0DUNIRUJHG�VDPSOHV�ZHUH�SULQWHG�DV�IXOO\�GHQVH�SDUWV�ZLWK������LQƮOO��+DUGQHVV�DQG�GHQVLW\�
GDWD�ZHUH�WHVWHG�LQ�KRXVH��DQG�DOO�RWKHU�GDWD�ZHUH�WHVWHG�DQG�FRQƮUPHG�E\�RXWVLGH�VRXUFHV��7KHVH�UHSUHVHQWDWLYH�GDWD�ZHUH�WHVWHG��PHDVXUHG��RU�FDOFXODWHG�XVLQJ�VWDQ-
GDUG�PHWKRGV�DQG�DUH�VXEMHFW�WR�FKDQJH�ZLWKRXW�QRWLFH��0DUNIRUJHG�PDNHV�QR�ZDUUDQWLHV�RI�DQ\�NLQG��H[SUHVV�RU�LPSOLHG�

500um

2WKHU�'HVLJQDWLRQV��',1��������$670�$�����816�7�������%'��

Heat Treatment
D2 tool steel can be heat-treated to increase hardness and durability after an optional annealing step and machining work.  
0DUNIRUJHG�UHFRPPHQGV�KHDW�WUHDWLQJ�'��WRRO�VWHHO�WR�RSWLPL]H�PDWHULDO�SURSHUWLHV��WKRXJK�LW�FDQ�EH�XVHG�DV�VLQWHUHG��

1. Heat D2 Tool Steel part in a standard (non-vacuum) furnace to 1000°C (1830°F) . Hold part at temperature for 30-45 minutes.

2. Air quench part to below 65°C (150 °F).

3. 7HPSHU�'��7RRO�6WHHO�SDUW�LQ�D�VWDQGDUG�IXUQDFH��)RU�HDFK�WHPSHU��KHDW�SDUW�WR�����&5������)��DQG�WHPSHU�IRU����PLQXWHV��,I�GRXEOH�WHPSHULQJ��
let part cool to room temperature between tempers. 

'��WRRO�VWHHO�LV�D�KLJK�FDUERQ��KLJK�FKURPLXP�DLU�KDUGHQLQJ�WRRO�VWHHO�WKDW�FDQ�EH�KHDW�WUHDWHG�WR�KLJK�KDUGQHVV�DQG�FRPSUHVVLYH�
VWUHQJWK��'��RƬHUV�H[FHOOHQW�ZHDU�UHVLVWDQFH�DQG�LV�ZLGHO\�XVHG�LQ�FROG�ZRUN�DSSOLFDWLRQV�WKDW�UHTXLUH�VKDUS�HGJHV��DEUDVLRQ�
UHVLVWDQFH��DQG�FRPSUHVVLYH�VWUHQJWK� Markforged D2 meets chemical requirements of ASTM A681.
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Inconel 625
MATERIAL DATASHEET

Typical Mechanical Properties Standard Markforged As-Sintered Wrought AMS 55991

Ultimate Tensile Strength  ASTM E8 765 MPa 827 MPa

0.2% Yield Strength ASTM E8 334 MPa 414 MPa

Elongation at Break ASTM E8 42% 30%

Hardness ASTM E18 7 HRC 0-19 HRC

Relative Density2 ASTM B923 96.5% 100%

Composition Amount

Chromium 20-23%

Molybdenum 8-10%

Iron 5% max

Niobium 3.15-4.15%

Cobalt 1% max

Manganese 0.5% max

Silicon 0.5% max

Aluminum 0.4% max

Titanium 0.4% max

Carbon 0.1% max

Phosphorus 0.015% max

Sulfur 0.015% max

Nickel bal

REV 1.1 -11/5/2019

1. Wrought AMS 5599 data represent minimum values, except for Hardness.
2. Relative density for Inconel 625 assumes a reference density of 8.44 g/cm2. 
3. ASTM E21 elevated temperature testing was conducted by 3rd party NADCAP lab. Samples were printed in XY and gauge length was machined to size.

7KHVH�GDWD�UHSUHVHQW�W\SLFDO�YDOXHV�IRU�0DUNIRUJHG�,QFRQHO�����DV�VLQWHUHG��0DUNIRUJHG�VDPSOHV�ZHUH�SULQWHG�DV�IXOO\�GHQVH�SDUWV�ZLWK������LQƮOO��+DUGQHVV�DQG�GHQVLW\�
GDWD�ZHUH�WHVWHG�LQ�KRXVH��DQG�DOO�RWKHU�GDWD�ZHUH�WHVWHG�DQG�FRQƮUPHG�E\�RXWVLGH�VRXUFHV��7KHVH�UHSUHVHQWDWLYH�GDWD�ZHUH�WHVWHG��PHDVXUHG��RU�FDOFXODWHG�XVLQJ�VWDQ-
dard methods and are subject to change without notice. Markforged makes no warranties of any kind, express or implied.

250um

Other Designations: UNS N06625, ISO NW6625, DIN 17744

Inconel 625 is a nickel-chromium based superalloy that is highly resistant to corrosion and high temperatures. It’s easy to print; 

allowing you to make functional prototypes and end-use parts for harsh environments. Markforged Inconel 625 meets chemical 

requirements of ASTM B443.
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       Markforged Inconel 625 As-Sintered
Inconel 625 printed on the Metal X, washed in the Wash-1, and sintered in the 

Sinter-1. As-Sintered microstructure captured at 100x is pictured to the right. 


