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samples show metastable
pitting

» LPBF “as built” samples
clearly have a higher
pitting potential (less
active) than the wrought
material (more active)

What is additive manufacturing (AM) and its benefits?

1.000 V

- Additive manufacturing (AM) COMPUTER
. . . . 4 3D MODEL ™ DESIGN A 3D MODEL
is an industrial production - INCADINYOURPC
process that creates 3D
objects by depositing e o0t

material layer by layer :-:
SEND THE STL FILE

- AM allows for components TOTHE 30 PRITER

800.00 mV

)

600.00 mV

Vf (V vs. Ref

400.00 mV

200.00 mV

3D PRINTED PART

to have areater part VATERIAL Y e AFTER FINISHING - g » AM corrosion rates are
J P X s comparable to wrought or
Com pl@Xlty, red Uced A/B Y YOURSD PRINTER \_'/ —200.0(;2;(\)/0—';/\/“2 ' 100.00 IpA/cmZ ' 10.00 r;A/cmZ ' 1.000u|A/cm2 ' 100.00 'uA/cmz ' 10.00n|1A/cm2 ' 1.000|A/cm2 |mproved
prOCES-SII']g tlme, Increa Sed |z—aL__/4 . Cyclical Polarization Comparison - 316L SS Surface Ground & Wrought
materl.al Ut|||ZaF|0n rates, \’/ > A” Orlentatlons Of the :::::
performance ADDITIVE MANUFACTURING PROCESS Sangplisbslhovf’tgﬁss j
_ _ _ _ metastable pitting, larger N
What IS the mOtlvatlon fOI‘ thIS WOI‘k? passive regions and h|gher g:soo'oomvé vertical
 AM material properties have not been studied thoroughly and pitting potential (less active) "™
are not understood well than the wrought.
- Understanding the corrosion response of AM materials is > COWOIS'O” ratﬁ? ﬁf LPBF
imperative for Naval applications Zi?v%ﬁhaarﬁ W'fjouegrh(tn?r? re B - 2
) AM- processes Cr?ate Orlentatlo-n-dependent mlcrOStrUCture’ Surface ground Condition. —400.001.'1(;(\)10_§[;A/cm1 I 100.00|pA/cmZ I 10.00r;A/cm2 . 1.000L;A/cmZ I 100.00|uA/cmZ I 10.00rrl1A/cm2 . 1.000|A/cm
which result in different corrosion responses _  (&/cm?)
° lelted publlshed |nformat|0n that |S Often Confllctlng [1_3]. . Cyclical Polarization Comparison - 316L SS Horizontal Orientation
- - Surface ground » Surface ground LPBF
Objectives samples show
‘ limited metastable
To evaluate the effects of build orientation and surface e pitting & higher

finish of LPBF samples on the corrosion response.

pitting potentials

» Corrosion rates in
the horizontal build
direction are higher
for LPBF than
wrought.
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1) Characterize the effects of build direction and surface
roughness on the corrosion response of various LPBF-
manufactured materials via benchtop corrosion testing and
microstructure analysis
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2) Compare the corrosion performance of LPBF samples with O
traditional wrought materials used in Naval applications

Figure 1 - Cyclic polarization curve comparisons for representative (a) as-built and
wrought, (b) ground & wrought, (c) horizontal as-built, ground and wrought

Methodology
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1. The 45°
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Benchtop corrosion

testing - open circuit

potential and cyclic Some samples are heat
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Figure 2 - scanning electron microscope (SEM) images of surface ground 316L SS
samples, depicting pitting due to corrosion - (a) horizontal, (b) vertical, and (c) 45°

Orientation | Corrosion Orientation | Corrosion
Rate Rate _
(mmpy) (mmpy) Table 1 - Corrosion rates
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: : 316LSS Horizontal 17.34 IN718 Horizontal 19.94 calculated for all
Samples imaged with .
Pres J Surface preparation - 316L SS Vertical 12.20 IN718 Vertical 26.85 “as built” samples
SN Gl grinding with 600 grit P
microscope (SEM) to sandpaper 316L SS 450 1.74 IN718 45° 78.56
observe microstructure Orientation | Corrosion Orientation | Corrosion Orientatio | Corrosion
Rate Rate n Rate
(mmpy) (mmpy) (mmpy)
Ti64 Horizontal 82.84 ALF357 Horizontal 58.16 AF9628 Horizontal 436.20
Ti64 Vertical 361.40 ALF357 Vertical 34.08 AF9628 Vertical 674.40
Ti64 45° 125.10 ALF357 45° 840.00 AF9628 45° 575.00
(0 B Benchtop corrosion
Samples imaged with testing - open circuit % 1
scanning electron potential and cyclic FUture ObJeCtlveS
microscope (SEM) to polarization tests (ASTM _ o
observe Rwicrostructure Gt3_f_alj1dI G61) l? aer:;gerclg/l Evaluate the corrosion response of additional LPBF and other
changes artificial seawater : : :
| - ) D1141) ( AM processed alloys (Steel, Al, Ti) with various surface
N - Z

roughness to generate data and begin building a data base of

corrosion properties for AM alloys.
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