I sifcoasc

Advancements in Brush Plated Metal Matrix Composite

Danijela Milosevic-Popovich

R&D Engineer/Project Engineer




4\( .
‘ S f(:C) asCcC Advancing Selective Plating Technology

Who is SIFCQO?
“+*SIFCO Applied Surface Concepts rl.l
NORMANHAY
o Founded in 1959 PLC

o Acquired as part of the Surface Coatings Division of Norman Hay in 2012.
o Headquartered in Cleveland, Ohio, USA

“*Norman Hay Group
o Headquartered in Coventry, UK

o Other divisions specialize in impregnation sealants, surface coatings, design, manufacture,
and installation of process plant equipment.

- Ultraseal International, Surface Technology, and NHE
o Company founded in 1940s doing chromium plating and hard anodizing.
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Metal Matrix Composite (MMC) Agenda

* What is Selective Plating (aka Brush Plating)?

* MMC What, Why, How, & Where?

* Equipment Set-Up and Design Evolution

- General Plating Conditions

* NI/WC Processing Parameters and Evaluation

* Ni/Cr;C, Processing Parameter and Evaluation

» Co/Cr;C, Processing Parameters and Evaluation
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What do WE do? .... Selective Plating...Brush Plating...

<+*The SIFCO Process is a portable method of <+Selective Plating Features
electroplating localized areas without the use of an - Brushing action disturbs the
Immersion tank. hydrodynamic boundary layer at the
.. : . surface resulting in faster solution
* An electrolyte containing metal ions is introduced between movement.
a positively charged anode and a negatively charged part / . : : :
component. High solution velocity also replenishes

metal ions at the surface more quickly.

- Hydrogen gas bubbles are removed by
# the brushing action and high solution
Plating Solution Flow velocity.

i

DC Electrical Current

 Brush action levels the deposit as it
Mator builds.

/Material
P Masking | ion - Selective plating allows for easily
1 / controllable application of the coating just
where it is needed on the part /

& g component.

Masking /
Encapsulation
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Metal Matrix Composite Coating (MMC)

- What is MMC? * Why use an MMC?
»Composite material with at least two »Structural reinforcement
constituent parts »Wear resistance
»Two phases formed > Friction coefficient
* How? »Oxidation protection at high temperatures
»Particles are suspended in the solution »>Main Driver = Safer eco-friendly
»Mixed metal matrix formed during co- alternative to chrome
deposition - Where?

»Bearing Surfaces
»Tubes and nozzles carrying abrasive particles
»Rotor Blades and stator vanes
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Brush Plating Set-Up

3 Main Pieces of Equipment

1. Solution collection and
circulating system

2. Redctifier

3. Anode and wrap
»Non-abrasive vs abrasive

A = Anode 0 = Pump,
B - Cathode (sample) E — Resenpir
C = Fuanned F = Agitaton
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Tank Design — Fluid Transport

Generation | Generation 2 Generation 3
Traditional Flow System .

=

~10 — 20% particle suspension ~90% particle suspension
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General Plating Conditions

___ Step | Description Plating Parameters

Preparatory
Steps

Preplate

Plate

Electroclean
Etch
Desmut
Ni Sulfate

) Co-Cr;C, pH I.6
80 gr/lt Co
40 — 500 gr/lt Cr;C,
Particle Size: 6 ym

1) Ni-Cr;C, pH 7.6
52 gr/lt Ni
50 gr/lt Cr;C,
Particle Size: 1.7 & 6 ym

| 11) Ni-WC pH 7.6
52 gr/lt Ni
20 & 50 gr/lt WC
Particle Size: 6 ym

Advancing Selective Plating Technology

|0 — 15Volts (Fwd)
9 — 10 Volts (Rev)
12 — 15 Volts (Rev)

9 — 10 Volts (Fwd)
2 um

Temperature: 20 - 40°C
Current Density: 0.3 — 1.24 A/cm?
(2 — 8ASI)

Temperature: Room Temperature
Current Density: 0.75 A/em? (5 ASI)

Temperature: Room Temperature
Current Density: 0.75 A/lcm?2—1.24 A/cm?
(5 —8ASI)
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Ni-WC Evaluation

1) Demonstrate feasibility of depositing a Ni-WC matrix
Z) Evaluate various process parameters

“*Brush materials
_ _ _ Pure Nickel
o Abrasive red and purple scotch brite materials Abrasive Red @ 0.37 A/cm?

o Non-Abrasive white scotch brite material
“»Current Density 0.75 — 1.24 Amps/cm?
<»*Bath Loading at 20 gr/It and 50 gr/It of WC powder
<+ Particle size - 6 ym Cr,C,

i . Pure Nickel
... Overall impact on composition, morphology, and wear Non-Abrasvie White @ .24 Alcm?
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Effect of Flow & Wrap material on Composition

f a8z 156 _‘\ Composition Population 1 Composition Population 2

|
i :F Sample Average Cm_a-ﬂi_cient of Average Cm_a-fﬁ_cient of
I (at.% of W) variation {at.% of W) variation
| 83 _ ' Batch 1 Sw-75  4.0:07 19% 8.6+2.9 33%
¥ : S0grflt sw-124 73215 20% 145453 36%
[ | WC  cwis  94:16 17% 17.3+3.4 20%
i i Batch2 AW-75 49116 19% 133442 31%
! 20 grit ART5 1 3.0:0.8 27% 6.6+3.3 49%
: we  ART52 33103 9% 5612.2 40%
! AP-T5 1 1.7#0.2 10% 36106 18%
i AP-T5 2 22402 1% 36405 14%
! 21.2
n
1
| 163e - Two particle distribution zones
v Solution pecling

CwW.75 100 mn * Population 1 - Continuous Flow

. XY-n_m

. X = magnetically stirred set-up, solution flowing from side (S) or center (C), or air stir setup, — . .
lution flow f A —
. ?o:ug?:shor;vatreorirgf?ftﬂetre((\l)\l), red (R), purple (P) LOWe r CO m p OS Itl O n ] | eSS Var I atl O n
. n = Current density (0.75 or 1.24 Alcm?)
. m = Sample Number

» Population 2 = Solution pooling and

Abrasive materials sedimentation

provide a more uniform

W composition - Higher composition average, higher

variation
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Ni-WC deposits produced with Abrasive vs Non-Abrasive Materials

Pure Ni Ni/WC _ Pure Ni Ni/WC

AW-75

White Non Abrasive @ 0.75 A/cm? Red Abrasive @ 0.75 A/cm?
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< Taber Wear

Ni-WC Abrasive Wear: Taber Wear Testing For e vty 1000 cycles

CS-17 wheels

Taber Wear Index

6.8
6.6
6.4
6.2
B Total
5.8
5.6
5.4
5.2

AP-75 AW-75 AR-75
SW-124 AR-75 2
Localized coating failures No coating failures with Com parison
for all samples from 20 gr/lt WC loading - Pure Nickel TWI = 14 -20

h 1 with /l
Batch 1 with 50 gr/lt WC - Ni-WC TWI = 6

« Hard Chrome TWI = 3.2
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Ni-WC Abrasive Wear: Taber Wear Testing

No failure
2.6 —-10.2 at% W

Mild failure

Severe failure
>21.3 at% W

Abraded track As-plated surface
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Ni-Cr;C, Evaluation

1) Demonstrate feasibility of depositing a Ni- Cr;C, matrix
7) Evaluate various process parameters different brush materials
“*Brush Materials
o Abrasive red and purple scotch brite material
o Non-Abrasive white scotch brite material
“»particle sizes
1.7 and 6 pm Cr,C,

... Overall impact on composition, morphology, and wear
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Ni-Cr,;C, deposits produced with Abrasive vs Non-Abrasive Materials

Pure Ni Ni/CrzC; — 6 pm Ni/CryC, — 1.7 ym Pure Ni Ni/Cr;C, — 6 um Ni/Cr;C; = 1.7 um Ni/Cr,C, - 6 um Ni/Cr;Cy — 1.7 ym
R s N T KT N { { N B 7 AP {7 \ ! : $

100 ym

White Non- Abrasive Red Abrasive Purple Abrasive

All samples plated at 0.75 A/cm?

Particle size has the largest impact on the overall composite deposit morphology.
Deposit morphology containing |.7 micron particles are the same for all brush materials.
Abrasive materials (red and purple) produced a smoother finish with smaller nodules.
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NI-Cr;C, Surface Roughness

Average Ra (um)

Mry (% of Mry (% of A1 (pm x A2 (pm x
Sample R, (pm)  profile) profile) % profile) % profile) Ry (Um) Ry (pm)
1P-1 25403 1113 8614 15+ 8 29414 2608 42412
1P-2 23402 1245 8012 1710 20+10 2706 32413
6P-1 67107 1615 913 200412 50430 227493 106135
6P-2 41104 1014 90+3 19411 24110 36112 46408
1R-1 23403 1444 90+3 40+20 21110 54419 43118
1R-2 23+03 1243 8913 19+ & 19+ & 32407 3307

E Total 6R-1 106216 1245 90+4 80160 6050 121856 115446
6R-2 159+18 1243 9112 110490 T0+40 172489 150443
1W-1 69+1.1 1516 8714 120+60 T0+30 144156 103130
1wW-2 41405 942 8412 20412 61114 43318 75412
BVW-1 10,3215 107 9114 T0+80 40430 8.9+6.4 79435
I I BW-2 41402 842 8613 12¢ & AD+40 3.0+1.0 59+1.2
IR-1 [P-1 IW-1 6W-1 6R-1

6P| - Abbott Firestone Curves show roughness

o

N

N

o

“ pB-n values
* p = Particle size 1 or 6 pm
. (BP): Brush material, white (W), red (R), purple * Surface roughness in good agreement
+ n = Sample Number with SEM images
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Ni-Cr;C, Cross Section & Composition Average Acomic % Cr

0 I

(S,

N

w

N

I B Total
IP-1

IR-1 [W-1 6P-| 6R-1 6W-1
General Composition Population 1 Composition Population 2
Average Average Average

Sample R? (at.% of Cr) Points (at.% of Cr) CoV Points  (at.% of Cr)  CoV
1P-1 D84 57212 6 74415 20% 26 5306 12%
1P-2 0.81 5014 1M 6.3x1.7 27% 21 44105 12%
6P-1 0.89 1.38z06 12 25106 24% 20 1.6+0.3 18%
6P-2 073 13:1.0 12 22411 2% 20 0.7+0.2 24%

1R-1 091 6.1x1.2 32 6.1x12 15% 0 — -
1R-2 089 L6213 3 8601 1% 29 E3+1.0 18%

. . 6R-1 D87 0704 16 1.0£056 48% 16 0.4+0.1 32
|.7 ym Cr3C2 particles 6 um Cr3C2 particles RO D91 20:0E 5 22:0E B S o 32

) TW-1 091 35104 32 35104 12% 0 — —
Abrasive Purple Brush W2 083 1706 5 27:07  23% 27 1503 18%

6W-1 087 2105 32 2105 23% 0 — —
6W-2 071 0705 2 24401 3% 30 0.6+0.3 47%
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NI-Cr,C, Abrasive Wear: Taber Wear Testing

Taber Wear Index

*Taber Wear

2 » 15,000 cycles .
o - Resurface every 1000\

. cycles

. . CS-17 wheels

) <*Compared to...

R o ™ o . o » Pure Nickel TWI 14 -20

« Hard Chrome TWI 3.2

“»TWI decreases with particle size
++8- 10 TWI with 1 micron particle size
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NI-Cr;C, TWI vs. Cr Composition & Particle Size

18
6 | %17 Wear Performance Correlation
14 - @ g,% 06 um * Increasing chromium content
5 1o [0) % - R? = 0.6955 _ _
E % e - Particle size 1.7 pm
=10 X e a} .
g . ﬁt%  Abrasive wrap
5
T 6 |
-
4 L
2}
D 1 1 1
0 2 4 6 8

Coating composition (at.% of Cr)
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Co-Cr,;C, Evaluation

1) Evaluate tank and mixing parameter design

2) Establish processing parameters
a. Bath Loading Cr;C, 40 — 500 gr/It
0. Current Density 0.3 — 1.20 A/lcm2
c. Particle size = 6 um Cr;C,

3) Quantify Surface Performance Benefits

...Overall impact on composition, morphology, and wear
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Co-Cr;C, Cross Section & Particle Count

obalt metal

Carbide particle

2kX

14 wt.% Cr,;C, : |

Lens: Z500:X3000!
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Co-Cr;C, Hardness & Temperature

CriC, As o o o

Wt% | deposited 400°C | 750°C | 815°C
12 - 15 442 505 498 485
25—-30 418 485 476 482

Hardness (VHN) of Co-Cr;C, as
deposited and after 1 hour heat treatment

Carbon steel | Ti-6Al-4V | Co-plated
150 330 360
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Co-Cr;C, Oxidation Resistance

- Heated to 800° C
for 30 hours

» Substrate: Steel

* Deposit Co-Cr3C2
15% wt% Cr3C2

Before Heating After Heating
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Co-Cr;C,Taber Wear Testing
50

I
o

w
o

N
o

Wear Index, pg/cycle

0 2 4 6 8 1I0 1I2 1I4 1I6 1I8 20
Cycles (x1000)
» Co-Cr;C, exhibits > 50% decrease in TWI
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Co-Cr;C, Taber Wear @ Elevated Temperature
>0 <+CoCr3C2 and Ti-6-4 samples
—— C0-Cr3C2 (25 C) heated to 400° C
40 —=—Co-Cr3C2 (400 C) RESULTS
x 30 ——Ti-6-4 (400 C) . i
E 16450 »Ti-6-4-> No change in TWI
5 gﬁé:;..,m o »Co0-Cr3C2 - 50% decrease In
s “‘ TWI
N RE\&E'BBEEE_E
D 1 1 1 1 1 1 1 1 1

o 2 4 6 8 10 12 14 16 18 20

Cycles {x1000)
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Co-Cr;C, Key Characteristics

Brush Brush .
Property Unat Plated Plated Tl;g?l- C;f:;n
Co-Cr3(C, Co

Cr;Cy wt. % 10-50 0 0 0
Uniformity of Cr3C; wt.% +3 - - -
Microhardness VHN 360 —500 360 330 150
Har;dness change after o ~ 1 10% | >-10% | >-5% | >-15%
400° C exposure
Taber wear index ug/cycle 8.0 17 21 16
Taber wear index
after 400° C exposure hg/eyele 4.0 15 21 17
Surface finish as um 05-15 | 05-15 ) )

deposited, Ra

alloy Turbine Vane

- 20 Wt.% Cr,C,
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Future Work

<*Further define Ni-WC and Ni-Cr;C, key characteristics
- Hardness, coefficient of friction, heating effects, etc...

“*Focus 1 micron particle size and abrasive wrap materials
- Evaluate bath loading for composition and wear properties
“*Explore other nickel based electrolyte carriers
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Contact Us

SIFCO Applied Surface Concepts

See us at Booth 351

Phone: (216) 524-0099
www.sifcoasc.com

Danijela Milosevic-Popovich
dmilosevic@sifcoasc.com
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