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Recent trends in the aluminum industry toward increasing the recycling rate of

aluminum alloys have led to difficulties in controlling the formation of intermetallic compounds
(IMCs). The up-to-date investigations have revealed that ultrasonic irradiation is a promising
tool to refine and modify the intermetallic compounds formed in the melt before or during
casting, and the reported mechanisms include wultrasound-assisted nucleation and
fragmentation of compounds. The first part of this work presents results concerning the
modification effect of ultrasound on model Al3Zr compounds with emphasis on the effect of
vibration amplitudes. The results reveal that needle-like Al3Zr compounds can be significantly
modified to more rounded shape when amplitude increases from 38 pm to 48 pm, and then
remains unchangeable with the further increase of amplitude. Theoretical consideration and
numerical simulation show that in addition to the above-mentioned mechanisms, cavitation-
induced heat generation and mircrojet-driven mass transfer are also of prime importance in
controlling the morphology and growth of IMCs.

Although the ultrasonic treatment of molten aluminum has been studied for long period,
there is still much to be revealed for this process. Many studies have focused on the investigation
of acoustic cavitation and streaming under the horn tip and their effects on the treatment

efficiency. However, to the best of our knowledge, no attempt has been done to explain



phenomena occurring near or on the melt free surface. Thus, the second goal of this study is to
investigate phenomena occurring at the free surface during ultrasound irradiation and clarify
their possible influence on the ultrasound treatment performance. The results of high
temperature and water model experiments reveal that ultrasound irradiation significantly
promotes the formation of alumina particles on the melt free surface around sonotrode, and part
of these particles can be entrained into aluminum melts. Furthermore, TEM observation results
suggested that the entrained alumina inclusions can serve as nucleation sites for the primary
Al3Zr compounds. Most importantly, the oxidation and entrainment of particles from free
surface are likely to be controllable by the immersion depth of sonotrode into molten aluminum.

In addition, when applying acoustic cavitation treatment into industrial scale, there are
some limitations including 1) limited size of cavitation zone and 2) sonotrode erosion. At the
same time, to the best of our knowledge, methods other than ultrasound to generate cavitation
in Al melt have not been consider yet. Thus, fluid flow cavitation has been newly proposed in
the present research as an alternative way aiming at scaling-up the treatment equipment as
well as reducing the treatment cost. At the initial stage, the effects of rotation speed were
investigated and the results indicated that fluid flow cavitation treatment has obvious
fragmentation effects for primary Al3Zr compounds especially at a higher rotation speed of 2500
rpm. Furthermore, the treatment effectiveness of acoustic and fluid flow cavitation was
compared. Although acoustic treatment is more effective than fluid flow cavitation treatment,

the effects of the latter can be potentially increased by increasing the diameter of rotating disk.



CAIHE)

AROCEAREROEE RO DHYE

FSCHRHH A Sun Jincheng (% 7%

Cavitation treatment of aluminum melt and its application for refinement of Al-Zr alloy
i B solidification structure
(TN = DEEBDF % BT — 3 VAL Z 0 Al-Zr A& OEERRRTEE~DwEH)

K ¥ 2 a<wr? S A

2 \w #H = BRE 504 #REI®X  HO R
AR 5 B R
(LR
ARSCE AR DEE

AEEDT. 2 H 1 B 0K FE3ENDL, ~7 U 70 BIRREEIHE I —=1 (307 5%) 2B\,
FRROHLHEEOHFEO B & TABITT TN, 50 SO NEEREK L, FAUH &K 30 ST D EREG
BN ENT, T0%, #F —WEREDORIC, £ 15 HEI0ESEIM TN,
FHSTOOEREEDZA UL, FEDEBY THY, TARANRIILUTD LB TH 5,

ENAOT VIR T, 7= DEBHEED Y VA 7 Ve ESEDHECH Y BAITHST D 0E
WD, L, TVI =T AR T FUIHRATERCROASHNEAN LT, SaaRp RSB amE
T DRINNH DT, YITHEEDOZ\EAE L THAET D H A — RRIAZIT Y OBBIRTH D, LrL, A7
7 Z TR EZ BN IUSERS S E O R ESEINT 5 Z & T, hAr— FRFICIERR 24U, SERta %
bRk« E(T DEANDAMEEL 72 5.

AALFRSUCIE, B8 v © 77— 3 VAR U EHERERDGERINICE B L, AlZr RICBT 28R LEm %
XL LT, ZHVETE D @S EIREHRIE COFREIIREITO Z L1200 | AbZr {bEMOISHIE - FARZREIC
A AT ERERZHOMNTT D E L BT, DA T = RLITOVWTEN - WEBENOBLE SO THA LT, =
72 TV =0 NRGO B HFRHICBIT 2HR 2558 L LTKET /L - miEFEEREIT, ZNFETEHEH SN TZ 2
ofc, TEX v BT — 3 UL DTV TR OB X IALBIGE A L, TEERE LT- AlsZr OBERSE S
A LT, &6, S b Tr—va AT o A0 AL E BFE L C. iR/1500% ¥ B 75— a UAEREA R
L. TNEDTT IV =0 NRGUERTHER L7z, SR X D EMFOMBEHEIBN T, Fv BT —v 2 VUl
FEDNHRARRIEE X 0 AR SRl AlsZe K- ORAERRRE, 70T, BRIME72 & LW o 2B FRRCE 75 2 & C
Xy BT =g ATLDFITR DB RENE WD) ZEETFHEL,

FEAE 12 FIC3E0 S TR AR W TGRS HEIZ L D WS ODDERIRC I AV MR B T203 AFAES
TIEFRERERI T2 DI L TRl 2 e L TR 0 | IRIFRENTE =& Bbhd, £, § SERkEKME
B LT SRS T H 25 2 O S B 725 TIE, IBIRGES TE Q= & Bbins,

AREESTITONT BRI NEONR I E 2., B CH Dk SIAZGR, 2RO RI6EE2E L ORIk Edz DR
ERRATNHIWT L, FRERRER ORGSO L, FIET —~ OFNE, 5O ROMAN 2 S1oB W CTER
TR ERBD BT, ETMFERERITHR L Gl BEENMA A Z EOTEAEHEEATHEZEZ NS, U LD X
I 7RHERTC, AFESITBOTH ARG S S b LN S &,

F T, AU LR OGRS E L TR L3 D,




