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Ultrasonic Treatment (UST)

Applying ultrasonic waves to the molten state metal
for microstructural modification

Acoustic Cavitation Acoustic Streaming

Compression

Ultrasonic Wave

Cavitation
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UST Applications

n .
s | Grain Refinement

Intermetallic Morphology

T; Liquidus

Temperature

Mushy Zone

T, Solidus Modification
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Goal for UST in Liquid Metallurgy

Intermetallic Morphology
Modlflcahon

T; Liquidus

Temperature

Mushy Zone

T¢ Solidus
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Ultrasonic Systems & Modalities

Mechanism & efficiency dependent on
equipment parameters

Ulfrasonic oufput method influences:
 Amplitude/intensity
* Depth of treatment
* Optimization
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Frequency Modalities
Kilohertz (kHZ)
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Multifrequency Ulirasonic Equipment

I Waveguide
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Goals for Multifrequency UST Degassing

@ Assessment of Multifrequency Degassing

a) Rate of hydrogen release
b) Turbulence: Infroduction of oxide bifilms
c) Energy density: UST scale fo volume of melt

@ Comparative Study

a) Rotary Degassing, Fixed Frequency, Multifrequency
b) Dross Comparison
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Degassing Experiment

UST Samples

Temperature

Liquidus /

As-Cast | vs. 4isc

720°C l
& 15 minutes UST
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Reduced Pressure Test & CT Scan
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HYdrogen COn'I'en'I' VS. Time Ultrasound: 5 seconds on

UST — 15 minutes

3 seconds off

0.35

0.3

Hydrogen Content (mL/100g Al)

0.05
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Time (sec)
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Next Steps for UST Degassing
Collaboration with Dr. Hélder Puga

a) Validation of Induction-UST Degassing Inferference
b) Comparison with Resistive Furnace
c) Confinuation of UST Degassing Goals

Pursue Work with Grain/Phase Modification
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Mechanisms of UST Grain Refinement

“ _
Dendritic

T, Liquidus ' Fragmentation

Temperature

Mushy Zone
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Mechanisms of Liquid State UST

Grain
Refinement

O
—
D
——
O T, Liquidus .
O
Q. .
- C :
Q0 Mushy Zone .
H. Puge’r oIAS, 2020
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Effect of UST Treatment Temperature

UST Samples

110°C

As-Cast

Temperature

720°C
/00°C

Liquidus

630°C 595°C "~ \ ™ Time ]

1
660°C ;\ 5 minutes UST
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As-Cast-700°C 1 1 As-Cast-680°C
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Grain Size Correlation with
Treatment Temperature
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Mechanisms of UST Intermetallic Mod.

UST s AI-17Si5e

;N s &?h.'l'
T; Liquidus
Intermetallic
Modification

WA ‘f

N

Mushy Zone

ACRC Ultrasonic Project UCI Samuelij | pepartment of
Materials Science
School of Engineering and Engineering 22

Temperature

C. Lin et al Trans. Nonferrous Met. Soc. China, 2013

Proprietary Information: dissemination and use restricted to members of the ACRC



Mechanisms of UST Iniermeiallic Mod.

As Cqst N AR 4__Al-17Si-5Fe
n Intermetallic

T, Liguidus  Modification

Temperature

e -

I TMS, 2017

. . C.J. Todaro et a
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Mechanisms of Liquid State UST

Intermetallic
Modification

T, quwdus

Mushy Zone
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{ ust-720Cc |
N =, 1

6.558% 1.518%  0.708% 3.28%

0.92% 0.14% 3.75% -
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Time Decay of Treatment

As-Cast
/00°C

VS.

Liquidus
595°C

Temperature

UST Samples

4 minutes
_6 minufes
_8 minufes _
10 minutes_
12 minutes
14 minutes_
16 minutes
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Multifrequency Time Decay: Grain Ref.

Post-UST 6 minutes Post-UST 12 minutes Post-UST 16 minutes
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Multifrequency Time Decay: Grain Ref.

A380
/00°C
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Multifrequency Time Decay: Phase Mod.

Post-UST 6 minutes Post-UST 12 minvutes Post-UST 16 minutes
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Multifrequency Time Decay: Phase Mod.

Post-UST 6 minutes Post-UST 12 minvutes Post-UST 16 minutes
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Effect of 700°C UST & Time on Tensile Properties

Rotary
Degassed

Mold at

Temperature

VS. Liquidus

UST Samples

20 Samples
Over 30 minutes

595°C
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UST Influence on Material Properties

As-Cast — 700°C UST - 700°C; 0 fo 30 Minutes

Max UTS: 217.97 MPa Max UTS: 222.79 MPa
Average UTS: 204.12 MPa Average UTS: 212.61 MPa
0 SINDEV: 9.20 STNDEV: 5.94

T T T T T T
0 5 10 15 20 25
Time (minutes)

Strain (%)
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UST Influence on Material Properties

As-Cast — 700°C UST - 700°C: 0 to 30 Minutes

Samples 177 —8— Data
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200 — A380_A 02
—— A380_A 03
—— A3B0_A 04 1.6 -
—— A380_A 05
—— A380_A 06
1507 a380 A 07
o —— A380_A 08 Ls .
= A380_A_09
% 100 A
[ 1.4
@
50 A °
Max Elongation: 1.52% 13
Average: 1.26%
04 STNDEV: 0.18
1.2
0.0 0.2 0.4 0.6 0.8 1.0 12 14 16 0 5 10 15 20 25
Strain (%o) Time (minuteg

ACRC Ultrasonic Project

Department of
Materials Science 4
and Engineering 3

UCI Sgihueli

School of | neering

Proprietary Information: dissemination and use restricted to members of the ACRC



Outline -

1. UST Applications in Liquid Metallurgy
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Next Steps

. Validate inferference of induction with UST degas
2. Collaboration with Professor Puga

Grain Refinement Intermetallic Modification

1. Minimum oxide contfent: Oxide Refiners

Identifying mechanism for visible change & fime decay
Energy Density

Compositional Analysis of Phases

2,
3.
4,
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Discussion

* https://uci.zoom.us/3/97926336058
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Multifrequency Ulirasonics Procedure
A356 Composition A380 Composition

A\l

wt. %
Si 8.1
Cu 3.406

In 2177
Fe 0.811
Mn 0.201
Mg 0.0784

Al
92.79%

85.15%
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Traditional Rotary Degassing
HYCAL Plot

Hydrogen Content vs Time

0 minutes

e
[y
n

15 minutes

Hydrogen Content (mL/100g Al)

=
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300 400 500 600 700
Time (sec)
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UST Influence on Material Properties
Tensile Data

As-Cast - 700°C

Average UTS:
204.12 MPa
SINDEV: 9.20
N Elongation: 1.26%

T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Strain (%)

T
1.6

Tensile Stress (MPa)

200 A

150 +

100 +

50 A

UST - 700°C, 0 to 15 Min.

Average UTS:
214.28 MPa

SINDEV: 7.27
Elongation: 1.37%
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UST Influence on Material Properties
Tensile Data

UST - 700°C, 0 to 15 Min. UST - 700°C, 15 to 30 Min.

Average UTS: Average UTS:
214.28 MPa 210.93 MPa

STNDEV: 7.27 STNDEV: 5.91

Elongation: 1.37% Elongation: 1.43%

T T T T
0.0 0.2 0.4 0.6 0.8 1.0 12 1.4 16 p : - 0.75 1.00 1.25 1.50
Strain (%) Strain (%)
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SEM-EDS Resulis: UST Phase Modification

HFW HY curr | det [mag M|
*| 597 um | 30.00 kv| 70.0 pA |ETD| 250 |

Ve ‘1: L e
HFW HV curr  det mag -
597 ym30.00 kV 70.0 pABSED 250 x
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Theory: Oxide Break-up .
As Cas

SUTH (b) Elementso%ﬂai’l’“‘g Oxide
" # Nuclei

AL Ti
Particle

Al-0.4 wit% Ti
without UST

* Evidence of
Al, 05 nucle
at center of
Al;Ti particle

F. Wang et al. Acta Materialia, 2016
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UCI Sa mue | I Materials Science

School of Engineering and Engineering

ACRC Ultrasonic Project

Proprietary Information: dissemination and use restricted to members of the ACRC

45



Theory: Oxide Break-up

As Cast e | P N e
a -ALOj; particles (M e Y C i /
= R " we= UST breaks
; w2 oxides into
N p A L= | meit s smaller
‘ parficles

.. HFW WD HV mag X: nm curr - «| HFW WD HV mag X 7mm cur
24.9 um 10.1 mm 5.00 kV 6 000 x y: 5mm 11.8 pA 14.9 um 10.1 mm 5.00 kV 10 000 x v: 30 mm 11.8 pA

a -AlL,O; particle R i &l 54 s
a -Al,O; particle ( , = - e ) 2 2 B & - R efl n ed
/ | PRRERERES 4T
'( AL;Ti particle - | ’ '. > ) _ : . pO r-l-icles
N P vy ™ 7 _

Al;Ti particle

U
L
’

HV ‘mag = x: > mm. curr 10 pm o HFW WD HV n c 4 ym
im 9.8 mm 5.00 kV 5 000 x y: - 8 pA *14.9 pm 10.0 mm 5.00 kV 10 C 8 pA

F. Wang et al. Acta Materialia, 2016 ACRC Ultrasonic Project
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Theory: Oxide Break-up

TEM Diffraction Patterns

* Prove 0—-Al203 via
crystallographic pattern

Plane d-spacing, nm measured d-spacing, nm calculated [30,31]
(2110) 0.2400 0.2375
(0003) 04316 0.4323
(2113) 0.2097 0.2082
(3300) 0.1395 0.1371
(1126) 0.1595 0.1599
(1012) 0.3468 0.3474
{OT'l 4) 0.2527 0.2547

F. Wang et al. Acta Materialia, 2016
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Intermefalllc Modlflcahon at Higher Temp
Al-19Si-4Fe

690°C

C.J. Todaro et al TMS, 2017 Iniermeialllc

T ]—Liquid =~ —8-ALFeSi, [l — B-Al;FeSi Mushy Modification

C:;i |: ™ D > Egg Zone
N
I

Liquid

Ax; AXZ

= o= -
I—I::::s Ax, =::3 Ax; - 1 Ax;

t 6 ts

{
7
-

575°C

B'AlsFeSi

Increasing solidification time Department of
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Intermetallic Modification at Higher Temp

] — Liquid — 3-ALFeSi, [l — B-AlFeSi
o 1 -3+~ 23
CCISf - ) 1

Ax, Ax, Ax,
—1 = I
usT 1 —, 3 .,
1 | — |
I_Lm Ax, =::3 Ax, -::I Ax;
t t t
>

Increasing solidification time

Cavitation & streaming promote
diffusion to form B-AlgFeSi

Less 6, more B,
less platelets, more blocks

: “ 50 pm
C.J. Todaro et al TMS, 2017 ACRC Ultrasonic Project UCI S |j | Department of
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Intermetallic Modification at Higher Temp

As Cast:

 More “Complex”
particles

« Platelets larger in
size

* Higher 6-Al3FeSi2
content

UST:

* More ‘single-
phase” particles

» Blocky shape

* Higher [3 -AlSFeSi
con’ren

QciC

Counts (a.u.)

0 20 40 60 80 100 120 140 160 180 O 20 40 60 80 100 120 O 20 40 60 80

WMyl 1%

® 1-. .
‘ --—-‘-“a......_..-—-«ff R
By o
—Al
—3Si
Fe

Counts (a.u.)
Counts (a.u.)

Distance (um) Distance (um) Distance (um)

Table III. EDS Point Analysis Results of Primary Fe-Containing Intermetallic Particles
Composition (At. Pct)
Alloy Structure Al Fe Si Fe:Si Probable Phase
Without USMT  complex particles central 50.92 + 3.28 18.03 &= 3.11 31.05 + 0.84 0.58 &+ 0.07 0-Al;FeSi,
outer 65.89 £ 0.77 1647 £0.88 17.64 £ 093 0.92 £+ 0.10 p-AlsFeSi
With USMT single-phase particles — 6594 £ 0.77 1630 £0.67 17.76 £ 0.57 0.92 £ 0.05 p-AlsFeSi
complex particles central 5097 £ 4.62 18.19 £4.06 30.85+0.83 0.59 £0.09 o-Al;FeSi,
outer 65.96 + 1.17 16.53 £ 092 17.51 £ 0.87 0.94 + 0.10 p-AlsFeSi

ACRC Ultrasonic Project
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Existing Data on UST Degassing

275 — . T - T : T r T
®  Argon . 270 L ]
— VG =022+044¢™ ™ R=0.99
0.6 [ ] Us J_/_/_ﬂ_ﬂ_x
: — VG =0.18+0.47e7 " RP=0.99 265 F - -
- ® US+ Rotation P
sb — VG =0.13+0.52¢" " R'=0.99 g
S S 260f .
S 04t z
g T 255G -
o a
- 2 Argon degassing
< L i
02k 2.50 US degassing
L fy=19.8 +/-0.2 kHz| 1
245 L P=600W _
U'U i I 1 i 240 | M 1 L 1 L | " 1 L
0 2 4 6 8 10 0 2 4 6 8 10

Degassing Time (minutes)

Time (min)

» Achieves lower hydrogen content
et * Reaches steady state hydrogen removal
 Eliminates purge gas

H. Puga et al. Journal of Materials Research and Technology, 2021 H. Puga et al. “MPI Ultrasonic Vibrations in Metallurgy”
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Grain Refinement Mechanism
Treatment Mechanism:

Dendritic Fragmentation

« Cavitation & streaming
fragment dendrites

e Dendrite arms act as
IN-situ nucleation sites

F. Wang et al Ultrasonics- Sonochemistry, 2017
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Grain Refinement Preliminary Data

No Treatment Variable f

Treatment: (1

0 min)
:\;\-\ /r‘{f "I‘ \ B

e

gt ‘1\-:""’”? A

ZODpiﬁ" 5
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Grain Refinement Preliminary Data

nt: (10 min)

ACRC Ultrasonic Project
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