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Mechanisms of Local Chill Effect Induced by Cutting Chips and
Selective Precipitation of Fe-Rich Phases
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(1. Guangxi Zhuang Autonomous Region Testing Institute of Product Quality Inspection, Nanning 530007, Guangxi, China; 2. School
of Resources, Environment and Materials, Guangxi University, Nanning 530004, Guangxi, China)

Abstract: Taking the Al-12Si-Fe alloy as the matrix and charging the cutting chips with different mass fractions (0-
3%) to establish a coupled effect field of local chilling—heterogencous nucleation, the influence of it on solidification
microstructure and mechanical properties was systematically investigated. The results show that with insufficient
chip feed (<1.5%), only local chilling and solute segregation occur, leading to coarsening of eutectic/primary Si. With
an appropriate amount (2.5%), oxide films and impurity clusters on the chip surfaces serve as potential nucleation
substrates, significantly increasing nucleation density and promoting equiaxed grain formation, suppressing large-
scale segregation of Fe-rich phases, thereby improving microstructural homogeneity and toughness. Whereas excessive
charging chips (3.0%) act as crack initiation sites due to poor interfacial wetting and fusion. When the chip addition
is 2.5%, the tensile strength of the alloy is increased from approximately 181 MPa to 213 MPa and the elongation is
increased from approximately 4.5% to 6.4%. Furthermore, based on critical nucleation work, secondary dendrite arm
spacing, and columnar-to-equiaxed transition (CET) conditions, a quantitative relationship between “chip addition—
effective undercooling—equiaxed grain density” was established and an optimal process parameter window was proposed,
providing a new approach for precise microstructure/property control and high-value utilization of recycled Al-Si-Fe alloys.
Key words: cutting chip; chill effect; Fe-rich phase; columnar-to-equiaxed transition (CET); heterogeneous nucleation
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Tab. 1 Test specimen numbering and material compositions
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3 1.5 6 400
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Fig. 1 Metallographic micrographs of the specimens with varying amounts of added cutting chips
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Fig. 2 Effect of varying amounts of added cutting chips on the properties of the alloy

BEEIENE, 8SM2S5%BRNETEN
REREAMEETE AIRBEIR. XE2ERT
TR RAYEL : 0TI 5% M, M/
ROREREHE (YRESEE) BT BHER ‘8
R, BRETRSHERMED (EE) . ME2.5%HF
m, EEEREEMUFFIRED M, ELBRWTT
b, SERWBEETRE. A, ESXMMCERD

(a) 0 (b) 1%

(d) 2.5%

JEiHBR T HAERASIRTEN DES, KIBfEE
TR, EREREAZERNEBNDSE
T, RELY THHRE SR EERT .
ALEEFOANER R RIS EEEE LR
A RENFRIREERINLER", EhRRNEH%
HEEFRR, HRERENSBIEIRIERE
ERALFERSHONSD, ERINEZRRIE. N

(¢) 1.5%

(e) 3%

E3  MATEYREESRFI ORER

Fig. 3 Fracture morphologies of the specimens with varying amounts of added cutting chips
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Fig. 5 SEM images of the specimens with varying amounts of added cutting chips



2026 $8HA/ET5E

FlEReEEIEEER.

RLCAIH, YIBRASRBKE, BT IFHER
AEM IR S, BERERNXRAEAMERE (£2XH
v -ALO; ) SMERRBFENER ZANNFHELE
TREER. REAEMBEEZRIZRET, HiE
MBAKR BRI ZZ O FAERIDEE, BESE
HPZIEIE SUEXE, IYERREZNEIHETS
IBffeE . IRIEBramfitt — 4ERPFEECEIRIE, REZ
MBS ERRT R STEEZ BN &ELA X
R, DBAWRER, v-ALOFS o -AIEKRNIESI
ZEEBRMENREERE" . STBHENIHUEE
HESMHERT, EXRARNRKERBEBRE, T
RESFTIFAEFRIMMAL v -ALO S o

XEEZRIFEBLRXRNRRNLIREEE
EWEZOMER: OREERBSHZERZ: BiFZHN
AUBRBE SRR ESDIFE, EERFEE-RR
HRe, Ri/NERMAI, NMIEAI (3) PrIEREE
FRERBESRMZIGRIZINAG, " QRELF
EIOTEERIN . AR E A I FFEIE FERRZAYSI
FAIRFRE, (BHRERZAIIAS TR,

FHit, TBAYEARAZRR, BEERENEE
MRERZN . ARED CRRARERE ST
REHEMRERIZHRRE 2 AR RO EVLE
XRIFIBERR TGS (2.5% ) YBHRINTWERRN
EMRAMBSEOMUIIR . AT, EMNBRVERERT
18, JUIBIZE (3.0%) RBHRAEFRELURESR
WIRBE MRS, RIFAIEZANENRMEEIER
HAERSHACHE, FERBERR, ERHFRE
s

3.3 # - FHMiET (CET) SKERKEIE

RENIEREEE R FHMAZEEN. S BERE
KIRZE, . BN EBK, BEERKNFHREDIAER
BIARIRLAEEERRIERT, H-SimeTREY ., €2
O RAEMRERF¥REr (1) = SRMER ER9ZEN,,
I EIEEEES L

Nym [o2.]721 (5)
AF: NABYEFHWREZEE, o JERMRENEEBE
KIERE, (HFEBEEERTE . =0 (5) A, BRI
R ENSEMRERK, NMAACET, YEBSRS
N SBEBA Ty, 4852, (BHCETRORE, NMER
W _E RIS AR ER LR S 1 .

ItbAh, %8R TIRE B, SIS ENERE T K K AT L
EFRN:

A=aT™, n~0.3~0.4 (6)

S —_ o l!t
ﬁtgﬁﬁﬁﬁi FDUNDRH-' 883

P LERSITREE,; TRSIEER, HISHE
K BEFIL RS FERI R/, FHmE NS (A
I BFRITFREUREEFIEMERERL) -

3.4 EEREREFRIETHE

FeEAI-SIEEFR B SFHENY), FaR (§
MRAR ) SRR EIATE). BEk D IR E e YIE
F EERHIONE, IRENTYLHES:

BEtE R AIREEE T BEH NG Y BUKE
50318, 06T FeRFRFEMAEIA B 1BATFRNITE
mirdi2, By M BEORRE; SEZEEFESE
ZH0 o -AlSIRNZIT SR, K= T BEMHW
HEE, REFeMELUM/N . DEEIAL-Fe-SiHUIKELER
RN, MIERENRE. @52, EZEstET
MiERES, NMTMEGENERES, &8
RETZSMARE,; UBRAREFENSY/Z
[REAIFE R IR Fea X BEM FIEE, (FAZHAERN
‘WEMNRT , SISEUBADEHIETE, 6%
FETE R A A IR B AR SRR

LA = MIBGRE MR T HE1E2.5%5 4 FFe
AR EREMISMOFMRENE .

4 ZHig

RARIRR 7Y BEAL-12Si-Fe A BB IRFE
ERBERRIAMAL, REXE IEIEFR T R AR
M, BITELME . BARST. DEeelits
WrOFSR o, SERNZ-BIHENNIEBIRS, U
TEEEL:

(1) MMIBEAL-12Si-Fe& S IAKRTT FAT =
ERSRRMN SR RAZIER, Z& W EERRER
Kb ize2, #HEoEKRBOETMmaET, LM
ERBLR 5195,

(2) IBFRINENRME2. 5%, ATEENHIE
K B -ALFeSitEARY, (RfEE FRABLAZR/NRETAITRIR |
BURDRAZ ST S, HMRAERME, 1BRARENE
faEM.

(3) BRI ZE U TEEEENFHERLTRE
F, PHREIRIELY18%, (RIKEIGIRLI42%, WOE
NPZH=EHIR; ERIIEESrEREEFTZ:,
B REEESTE, BROF =R

(4) AAREB 7Y BRIENELSHAHIER
MNEBSMBNE, NEEERWBFHAREEAEM
AR M T HISE A T AVR LRI R



Vol.75 No.8 2026

¥ ‘!t A 3 Do
884 {EE rounory JLIG RS

SEEL:

[1] =8, ANk, =R, & T ZNBERESEEY
A (1] BESERFS5TRE, 2021, 12 (5) : 18-29.

2] B4Rk, BX, SRE, & BEESSRAT ). Hi8.
2008 (3) : 207-210.

B] @k, BES, FTEF, S BEESSNSULIESNA
5 (7). $51&, 2026, 75 (3) : 293-299.

[4] BFEN, HZE. WEEHEHHEES IR RUAR ). Ha&
TF2, 2025, 49 (6) : 58-62.

[5] ZhangZ, Peng X, LiJ, etal. Enhancing properties of Fe-based
soft magnetic composites via Al-Si alloy interfacial diffusion
annealing [J]. Journal of Materials Research and Technology,
2025, 38: 6148-6159.

[6] #TiR. AEE, KER. FeFEXTAI-1.04wt.%Mg-
0.64wt.%Si-0.23wt. %Cu B £ATHAE . JIFAMEREMIBIRIEEERY
0 7). MERIZS5TE, 2021, 29 (3) : 64-74.

[71 Zhang L, Gao J, Damoah L N W, et al. Removal of iron
from aluminum: a review [J]. Mineral Processing & Extractive
Metallurgy Review, 2012, 33 (2) : 99-157.

[8] RAEIZ, k&8, MDA, & FeRBXHIEIRE SR
DFEMRERING D). HFHEERBRESE, 2021, 41 (4) .
416-419.

[9] Taylor J A. Iron-containing intermetallic phases in Al-Si based
casting alloys [J]. Procedia Materials Science, 2012, 1: 19-33.

[10] Tian S, Zang X, Guo F, et al. Parameter optimization of
horizontal direct chill casting process for 6082 aluminum alloy
based on finite element simulation: materials processing [J].
Materials Transactions, 2025, 66 (9) : 1246-1257.

[11] Zhang Z L, Xu R X, Zhang RY, et al. Effects of SiO, and
MgO on the thermophysical and mechanical properties of Al/
AlLO; composites and their compatibility with Al-Si alloys [J].
Journal of Thermal Science, 2025, 34 (3) : 996-1007.

[12] Choi H, Li X. Refinement of primary Si and modification of
eutectic Si for enhanced ductility of hypereutectic Al-20Si-4.5Cu
alloy with addition of AL,O; nanoparticles [J]. Journal of Materials
Science, 2012, 47 (7) : 3096-3102.

[13] Lan S, Feng G, Wang Y, et al. Effect of iron content and
heat treatment on microstructure and mechanical properties of a
recycled Al-Si-Mg aluminum alloy [J]. China Foundry, 2025,
22 (2) : 205-214.

[14] Moodispaw P M, Miao J, Cinkilic E, et al. The beneficial
effect of Ce additions to high Fe-containing secondary Al-Si-
Mg cast alloys [J]. Journal of Alloys and Compounds, 2024,
1009: 176864.

[15] EF, BREREE, 7k, &. EuilPEETREIIHRZALSI
BEHMARNTMELENZE ). HE2E, 2021, 45

(4) : 393-400.

[16] =B%F, B, &R, & —MIHREETRAEHS
SR TE: CN109280823B [P]. 2021-04-09.

[17] Knuutinen A, Nogita K, McDonald S D, et al. Modification
of Al-Si alloys with Ba, Ca, Y and Yb [J]. Journal of Light
Metals, 2001, 4 (1) : 229-240.

[18] Daneesha K, Yi S, Xingchen F, et al. Parametric design of
multi-cell thin-walled structures for improved crashworthiness
with stable progressive buckling mode [J]. Thin-Walled
Structures, 2018, 131: 76-87.

[19] 8%, (FEZE, =S SEEE S TRMERIARINAR
RBIEE (1] 185K, 2021, 42 (1) : 65-68.

[20] #p7kiR, D=EE. HERES S NERMET ZRMTSiHRE
U] & TH2, 2022, 46 (3) : 43-48.

[21] He H, Zou J, Zhang H, et al. Effect of Mn and Mo on
microstructure and mechanical properties of Al-Si-Cu-Mg-0.6Fe
alloy [J]. China Foundry, 2023, 20 (6) : 511-518.

[22] Pouyafar V, Malihi F, Meshkabadi R. Conjoint influence of
equal channel angular pressing and annealing on microstructure
and mechanical properties of aluminum alloy 7075 [J].
Materialwissenschaft und Werkstofftechnik, 2024, 55 (11) :
1590-1600.

23] =FE, FF7F, 5%, & —MIHREESEESETR
FIREHIESE: CN109778019A [P]. 2019-05-21.

[24] LiJ M, Wang Y, Jiang S W, et al. Correction of the
constitutive model and analysis of chip formation in cryogenic
machining of TA1S titanium alloy [J]. Journal of Manufacturing
Processes, 2024, 310: 1-12.

[25] KiEik, EE, BiEK, & IHREESSHASSTRN
ARHE [7]. 582, 2019, 41 (5) : 97-104.

[26] Choi H, Konishi H, Li X. AL,O; nanoparticles induced
simultaneous refinement and modification of primary and eutectic
Si particles in hypereutectic Al-208Si alloy [J]. Materials Science
and Engineering A, 2012, 541: 159-165.

[27] HR. SHBAL14wW%SIEE R RITHHR [D]. 18-
TFTlR=, 2021.

[28] Gao C, Zhang B, LiY, et al. Synergistic effect of Zr and Mo
on precipitation and high-temperature properties of Al-Si-Cu-Mg
alloys [J]. China Foundry, 2024, 21 (1) : 71-81.

[29] HuntJ D. Steady state columnar and equiaxed growth of dendrites
and eutectic [J]. Materials Science and Engineering, 1984, 65

(1) : 75-83.

[30] Dinnis C M, Taylor J A, Dahle A K. As-cast morphology
of iron-intermetallics in Al-Si foundry alloys [J]. Scripta
Materialia, 2005, 53 (8) : 955-958.

(%3. %5, pjy@foundryworld.com )



