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Stress Wave Analysis & Multilayer Coatings



{o Theoretical Background & Simplifications
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| |Background: Simplifications

Interfaces:
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1 Material 2
o; — —incident stress
j o, — —transmitted stress
Time o —pic o, — —reflected stress
g, = P2tz P161 o; p — —medium density
P2C2 + P1€Cy ¢ — —wave speed in medium
2pacs E
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P2C2 + p1Cy p

E—Young's modulus

Ref 3: Li, 2003.



'o Theoretical Background & Simplifications _

. Background: Simplifications

Interfaces:
e SIMplifications:

2 3
1. Single droplet
(9©16.65 um, 500m/s)

2. Linear and rectangle wave

3. Incident stress = 1 unit

100t 4. Incident time range = 100t |,
1 (t,=3.3E-10 s)
5. 100 pulses
Time 6. No enerqgy loss

7. Thickness design (t, by integer)
1ty------ 35umTIN / 1.6 um Ti layer



{o Theoretical Background & Simplifications
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[ JcoaingA

Time the wave travel through each layer

to, 2ty o, 2t 1

| | Coating A

Ti-6-4
(Base)

TING Ti TIN| Ti [TIN

Interface:1 2 3 4 5 6

Simplifications:
8. Base metal thickness: infinite



Calculated Results
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9 Calculated Results

‘ . .
| |Coating A Vs. Coating C

Time the wave travel through each layer
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Stress (-1 unit)

Stress (-1 unit)
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Coating Design
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Configuration (From innerto | Layers [ Thickness of | Thickness of | Thickness of | Thickness of | Thickness of | Thickness of | Thickness of
Coating # outside) Amounts| Layer 1 (pm) | Layer 2 (um) | Layer 3 (pm) | Layer4 (pm) | Layer 5 (pm) | Layer 6(pm) | Layer 7 (pm)

1 TiN (1T) 1 1.10
2 TiN(5T) 1 5.52
3 TiN(9T) 1 9.93
< TiN-Ti-TiN  (2T-T-2T) 3 2.21 0.50 2.21

TiN-Ti-TiN-Ti-TiN
5 (2T-T-2T-T-2T) 5 2.21 0.50 2.21 0.50 2.21

TiN-Ti-TiN-Ti-TiN
6 (T-T-T-T-T) 5 2.21 0.50 2.21 0.50 2.21

TiN-Ti-TiN-Ti-TiN
7 (3T-T-3T-T-3T) 5 3.31 0.50 3.31 0.50 3.31

TiN-Ti-TiN-Ti-TiN
8 (T-2T-T-2T-T) 5 1.10 0.50 1.10 0.50 1.10

TiN-Ti-TiN-Ti-TiN-Ti-TiN-Ti-TiN
9 (2T-T-2T-T-2T-T-2T-T-2T) 9 2.21 0.50 2.21 0.50 2.21 0.50 2.21
TiN-TiAIN-TiN-TiAIN-TiN
10 (2T-T-2T-T-2T) 5 2.21 1.07 2.21 1.07 2.21
TiN-TIiAIN-TiN-TiAIN-TiN-TiAIN
11 (2T-T-2T-T-2T-T) 6 2.21 1.07 2.21 1.07 2.21 1.07
TiN-CrN-TiN-CrN-TiN
12 (2T-T-2T-T-2T) 5 2.21 0.78 2.21 0.78 2.21
TiN-CrN-TiN-CrN-TiN-CrN

13 (2T-T-2T-T-2T-T) 6 2.21 0.78 2.21 0.78 2.21 0.78
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Part Il
Boronizing Coating Results




Setup lllustration

& & & & ®Heating

Elements
Alumina Lid
Powder Mixture:
P CluTel el Flowing Argon In Tl 6A| 4V Flowing Argon Out
(reactant)
* Na,CO, (25X8X4 mm)
(activator)
* Carbon, activated . .
(filler material) Alumina Crucible

Vacuum Chamber (equipped with molecular pump)

© © © © ®Heating

Elements;;



Experiment Design

Holding Holding

Composition # B (wt%) Na,CO,(wt%) C(wt%) Time@1050C Time@1200C

BO 100% - - 24hrs

Bl 50% 45% 5% 24hrs

B2 50% 35% 15% 12, 24, 48hrs 12 hrs

B3 50% 25% 25% 12, 24, 48hrs 12 hrs, 72hrs

B4 50% 15% 35% 72hrs

B5 50% 5% 45% 24, 72hrs 72hrs
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“_ITiB, Layer: Discontinuous
Overall coating structure: No significant change
TiB, - (L= TiB

aped

B3: 50%B, 25%Na,CO,, 25%C B5: 50%B, 5%Na,CO,, 45%C .



Effect of Powder Composition Il

Same Heat Treatment: 1050°C 72 hrs

TMG 15.0kV 10.0mm x400 BSECOMP TMG 15.0kV 9.6mm x400 BSECOMP

B1, 1050°C 72 hrs B5, 1050°C 72 hrs




> ._'._' TMG 15.0kV 9.9mm x400 BSECOMP

1050°C 12 hrs 1050°C 24 hrs 1050°C 48 hrs
B3: 50%B, 25%Na ,CO3, 25%C  B3: 50%B, 25%Na,CO,, 25%C B3: 50%B, 25%Na,CO,, 25%C

TiB, Layer: Discontinuous

Overall coating structure: No significant change
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Effect of Holding Time Il

Same Composition B1, Same heating temperature

AR

TMG 15.0kV 10.1mm x400 BSECOMP TMG 15.0kV 10.0mm x400 BSECOMP

B1, 1050°C 24 hrs B1, 1050°C 72 hrs

TiB, Layer: Discontinuous
Overall coating structure: some change in TiB size




Further Exploration for Better Coatings

100um § TMG 15 0kV 10 1mm x400 BSE3D 100um

(0]
B3, 1200°C, 72hrs B5, 1200°C, 72hrs



Best Coatings So Far SEM (SE)

Composition B5, 1200°C X 72 hrs

Continuous, uniform, ~10.5 pm TiB, coatings,

(Through the whole sample cross section, in all the viewfields.)

Ti64
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TMG 15.0kV 10.2mm x200 SE 200um




Best Coatings So Far SEM (BSE)
Composmon B5 1200°C X 2 hrs
. W o ¥ x

,J.«

Tie4

TMG 15.0kV 10.1mm x800 BSECOMP




HE Best Coatings So Far EDS (Mapping)

Composition B5, 1200°C X 72 hrs

Electron Image 1

TiKa1 YV Kal

22



EDS (Line Scan)

00—
| TI
400
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200
40pm ! Electron Image 1 ] AI

| Y |
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0 10 20 30 40 S0

Vanadium Ka1, Boron Kal_2



EDS (Point Identification)

Spectrum B,at% |[Al, at% |[Ti,at% |V, at%

Spectrum 1 74.08 0.02 24.86 1.05

s Spectrum 2 72.98 | 0.01 | 26.15 | 0.86
ctrum .fép%:" g Spectrum 3 7377 | 0.03 | 2548 | 0.71
- Spectrum 4 72.18 0.02 27.04 0.75

Spectrum 9 70.69 0.05 28.24 1.02

Spectrum 5 25.02 2.35 70.20 2.43

Spectrum 6 41.13 0.07 56.85 1.95

Spectrum 7 41.72 0.56 55.74 1.98

Spectrum 8 44.72 -0.17 53.37 2.08

Spectrum 10 61.82 0.07 37.14 0.96

+ - Spectrum 11 50.09 0.16 48.39 1.35

SpEEtI’UI‘i‘I ) Ti64 Nomination 10.20 | 86.20 3.60

40pm ' Electron Image 1
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Samples preparation: Boronizing with powder compostion B4, @1200°CX72hous
RIG testing parameter:

Speed: 14000 RPM

Time: 0-10 minutes

Nozzle size: 400 ym

Flow Rate: 0.050 -0.070 L/min

0.0450

= Water Erosion Testing
L

0.0422

04
000 ~—B4-1200-72h-1

0.0350 o—Tica

0.0300

weight loss (grams)

0.0093
0.0074
0016

25
,00002 6 8 12

10
Erosion Testing Time (minutes)







DOTrORIZING .
S Mass Loss Comparison Erosion
1 P (Untreated Sample = 1) Resistance
(22%) Low
~50%
O 0
=
©
%:) ~ 13%
7)) S 4-14%
@
- 5%
U) 0
7p)
M
=
HIGH
001 Frosion
Shot Peening ' Laser Peening ! Nitriding ) Nitro-carburizing “/ TiN-AIN ! TiSiCN[®) Resistance
Steel 1020 Ti-6Al-4V Ti-6Al-4V Steel 1222 Ti-6Al-4V Ti-6Al-4V
Water Water Water Water Particle Particle
27

Ref: [1] MIC 1988, [2] Robbinson 1995, [3] Ahmad 2009,

[4] Pant 2010, [5] Rogers 2008,

[6] Swaminathan 2008



Part Il
TIC-TIB ,-TiAl ; Coatings



== TiC-TiB,/TiAl, In-situ Coatings

layer

Porosities

[expected to be

reduced by new

experiment design] «— TiAI3 |

I ayer
New-found
diffusion
layer
<— Ti64

TMG 15.0kV 9.8mm x210 BSE3D

29



y 300pm '
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TIC-TIB,/TIAl; In-situ Coatings

Al Ka1

Al concentrated in the bonding field, indicating po ssibility of good
bonding & higher percentage of strengthening phases in the coating

31



Boron Ka1_2, Vanadium Ka1, Carbon Ka1_2
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== Water Erosin Testino

Vacuum: 44-50 mBar

Speed: 8000 RPM

Time: 40 minutes

Nozzle distance: 30mm

Flow Rate: 0.065-0.070 L/min




== TiC-TiB,/TiAl, In-situ Coatings

Speed: 8000 RPM

Time: 40 minutes

Nozzle size: 600 pm

Nozzle distance: 30mm

Flow Rate: 0.065-0.07 L/min







TIC-TIB,/TIAl; In-situ Coatings

TMG 15.0kV 66.9mm x9 SE




IC-TIB,/TIAl; In-situ Coatings

¢ -

TMG 156.0kV 9.5mmﬂx400 SE TMG 15.0kV 9.5mm x400 BSE3D

stream Uneroded

<« —
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TIC-TIB,/TIAl; In-situ Coatings

50.0um




TIC-TIB,/TIAl; In-situ Coatings

6‘ -

TMG 15.0kV 10.0mm x800 SE

50.0um




TIC-TIB,/TIAl; In-situ Coatings

. - _

TMG 15.0kV 10.0mm x1.00k SE




situ Coatings

=

3

TiB,/TiAl

TMG 15.0kV 10.3mm x1.00k SE

TIC




TIC-TIB,/TIAl; In-situ Coatings




Part IV

Erosion Testing of Al ,05 Laser Cladding Coatings



== Al,O, Laser Cladding Coating

cladding surface

by Thuan



- AlLO, Laser Cladding Coating

Vacuum: 18-40 mBar
Speed: 14000 RPM
Time: 6 minutes
Nozzle size: 400 pym
Flow Rate: 0.03 L/min

70% weight loss

41%




Thank you!

Questions?
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