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In this paper, the effect of cooling rate on the microstructure of
ADC12 alloy with preliminary nucleation on cooling slope is
investigated experimentally. The equiaxed dendritic grains of a-Al
surround by the fine eutectic structure is formed at all cooling rates
that are decreasing from step 1 to step 4, resulting in increasing of a-
Al grains size. The minimum size - about 30 um - of a-Al grains
was obtained everywhere in the 1 step with the cooling rate of 138
K.s!, while that in the 4th step with cooling rate reduced to 9,8 K.s!
was increased until 80 pm. The fine eutectic structure has plate-like
form and the difference in their size in different steps is not too
much. The equiaxed Si, particles are appeared in all steps, with the
size gradually increased from 1 to the 4th step with a significantly
dropped cooling rate.
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Trong bai béo nay, anh huéng cua toc d6 nguoi dén su hinh thanh to
chuc cua hop kim ADC12 tao mam so bd trén méang nghiéng lam
nguoi da duoc nghién ciu. T chic té vi bao gdm nhanh ciy a-Al
déu truc bao quanh bai t6 chuc cung tinh 2 pha nhd min dugc hinh
thanh & céc toc do ngudi khac nhau (giam dan tir bac 1 dén bac 4),
két qua 1a kich thudc hat a-Al tang dan. Kich thuéc hat a-Al nho nhat
dat duoc tai bac 1 ¢ng véi toe d6 nguodi 1én dén 138 K.s?, trung binh
khoang 30 pm ¢ tit ca cac vi tri duoc khao sat. Trong khi kich thudc
hat a-Al khoang 80 pum dat dwoc tai bac 4 ¢ng véi téc d6 nguoi
khoang 9,8 K.s'%. Té chirc cuing tinh ¢6 dang tAm nhé min, kich thudc
khong c6 su khac biét qua nhiéu tai cac bac. Cac pha Sij déu truc
duoc hinh thanh tai cac béc, kich thugc I6n dan tir bac 1 dén bac 4
khi tbc d6 ngudi giam dan.
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1. Giéi thigu

Hop kim Al-Si dugc sir dung rong réi trong cong nghiép ché tao méy béi vi chung co cac dic
tinh tuyét voi nhu: nhe, hé s6 dan nhiét cao, tinh dic tuyét voi va tinh han tt. Trong ho hop kim
nay thi hop kim nhém ADCI12 dugc st dung rong rdi dé duc trong khudn kim loai (dtc trong
truong, dic ap luc) do n6 c6 tinh duc tdt, do chay lodng cao va ty 18 co ngét thip, co tinh sau duc
cao [1], [2].

Co tinh cta hop kim nay & trang thai duc duoc quyét dinh bai rat nhiéu yéu t6, trong do to
chirc té vi c6 tim quan trong hang dau. Xu huéng chung Ia tao ra to chiic bao gom pha ciing tinh
[a-Al + Si] nam trén nén pha a-Al dang hinh cau hoic gan cau nho min. C6 rat nhiéu con duong
dé thay ddi t6 chirc té vi cua vat dic nhu: Bién tinh, thay ddi téc d6 ngudi, khudy co hoc, khudy
dién tr, rung siéu am, duc gan nhiét d6 duong long [3],... Trong d6 k¥ thuat thuong duoc sir
dung nhét chinh 1a thay ddi tbc d6 ngudi cua hop kim. Téc d6 nguoi duoc dinh nghia 1a toc do
giam nhi¢t do theo thoi gian va ky hiéu la dT/dt.

Hiéu qua cau hoéa ting 1én khi két hop diéu chinh toc do ngudi va cac bién phap trén [3]. Khi
két hop véi phuong phap duc gan nhiét do duong long dung méng nghiéng lam nguoi tao mam di
thé c6 chi phi thip va cho td chuc té vi dang cau hoic gan cau [4].

Wang Shaozhu va cong su [5] da tién hanh nghién ctiru sy khac nhau vé to chirc va co tinh cua
chi tiét duoc ché tao tir hgp kim ADC12 bang phuong phap duc ép gan nhiét d6 duong long. Tac
gia chi ra rang, tai cac vj tri khac nhau do téc do ngudi khac nhau nén té chuc té vi va do cang
Vicker s& khac nhau. V& co ban, tai vi tri thanh mong t6 chic té vi s& nho min va dong déu hon
cac vi tri khac. Thién tich cha yéu xay ra & viing goc va tam cuaa vat duc. Yucel Birol [6] ciling
dua ra két qua ring, t6 chic a-Al dang nhénh cy trong thoi duc s& duoc thay thé bang t chuc a-
Al gan cau twong dbi nho min khi rét hop kim cuing tinh (hop kim E1) gan nhiét do duong long.

Tai Pai hoc Bach khoa Ha Noi, da nghién ctiu su hinh thanh to chuc di biét ddi voi hop kim gan
thanh phan cling tinh sir dung méng nghiéng 1am nguoi két hop sir dung khuon dong dé tang toc do
ngudi. T6 chirc té vi co hinh thai déu truc nho min, cac chi tiéu co tinh thu dwoc rat cao khi so sanh
cung céc nghién ciru khac [7].

Céc nghién ctru vé anh huong két hop cua tée do ngudi va dac gan nhiét do duang long dung
mang nghiéng lam ngudi cho hop kim ADC12 tai Viét Nam con han ché. Chinh vi vay, bai béo
nay tién hanh nghién ciu anh hudng cua céc tham sb nay dén to chic cua hop kim ADC12.

2. Thuc nghiém
2.1. Déi twong nghién ciru

Hop kim ADC12 c¢6 ham luong Si gan thanh phan cung tinh, sy c6 mit caa céc nguyén t6 khac
(Cu, Zn, Fe) lam cho n6 c6 mot khoang dong dic nhat dinh. Theo ASTM SC102A, hop kim nay c6
nhiét do duong long T = 580,0°C, nhiét d duong dac Ts = 515,0°C [8].

Hop kim ADC12 trong nghién ciu ndy c6 thanh phan nhu trong bang 1. Nhiét do dwuong long va
duodng dic xac dinh bang phan mém Jmatpro lan luot 1a: 587,5°C va 545,0°C.

Bang 1. Thanh phan cia hep kim ADC12 nghién cutu

Si Fe Cu Mn Mg Zn Ti Cr Al

11,58 0,63 2,09 0,17 0,08 0,77 0,05 0,02 Con lai

Hop kim dwoc niu trong 16 dién tro. Khéi lwong mdi mé nau 1a 2 kg. Trong qué trinh nau kim
loai long dugc che phu bang hdn hop mudi cé thanh phan: 15% NasAlFs, 40% NaF, 45% NaCl,
luong dung khoang 20 - 40 gram nung khé & 100°C tir 15 phat tro 1€n. Hop kim trung gian Al-
5Ti dugc bd sung vai tu cach 1a chat tao mam di thé cho a-All.

Hop kim léng duoc rot qua mang nghiéng c6 nude tuan hoan lam ngudi, goc nghiéng 45°,
chiéu dai 1am nguoi 300 mm. Nhiét d6 rét: 610°C.
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2.2. Céu tao khuén diic

Khuén dac bao gdm: mot phan khuon dong cé kich thude 250 x 100 x 25 mm dé ting toc do
ngudi cho hop kim; mot phan khuén thép 5 bac, cac thanh bén va dy. Cau tao khuon nhu trong hinh
1. Vat dac sau khi ché tao cac bac c6 chiéu dai x chiéu rong = 90 x 50 mm; chiéu day lan luot 13 5, 10,
20, 30 va 40 mm.

Tai 4 bac, vat duc duoc cit cac mau dé nghién ciru td chuc té vi, vi tri va kich thudc cia mau
duoc biéu dién trong hinh 2.

Sy thay ddi nhiét do cua ting bac dugc ghi lai bang thiét bi K-Thermocouple thdng qua cac
cap nhiét loai K dit giita cac bac va cudi mang nghiéng. Tin hiéu tir cap nhiét dugc truyen vao may
tinh va duoc ghi lai, so do b tri thiét bi nhu trong hinh 3. Thong qua thiét bi ndy co thé xac dinh
nhiét do tai timg diém vai budc thoi gian 1 0,25s, tir nhiét d6 do dugc c6 thé xay dung chinh xéac
dudng cong tde do nguoi. Anh huong caa toe dd ngudi dén sy hinh thanh té chuc té vi tai timg bac
c6 thé duge danh gia thong qua anh hién vi quang hoc. Cac vi tri quan sat to chirc té vi nhu trong
hinh 4.
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3. Két qua va thao luan
3.1. Téc dé ngugi ciia hep kim

Hinh 5 biéu din su thay ddi tdc do ngudi theo thoi gian tai cac bac. Nhan thiy rang, toc do
nguoi ban dau tai bac 1 cd thé dat ¢én 138 K.s; gia tri ndy giam dang ké khi kim loai long dién
day cac bac khuén c6 chiéu day lon hon (tang tir bac 1 dén bac 4); gia tri thap nhat khoang 9,8 K.s*
tai bac 4. Toc d6 nguoi tai cac bac giam dan theo thoi gian do khudn bi nong I1&n va chiéu day vat
duc tang. Toc dd nguoi cé thoi diém dat gid tri duong, diéu ndy c6 thé duoc giai thich nhu sau:
khi kim loai long di qua méang nghiéng lam ngui da tao ra s luong tam mam két tinh di thé
dang ké (hinh 6) két hop vai toc do thai nhiét nhanh cua khudn dan dén qua trinh phat trién mam
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xay ra manh liét, 4n nhiét két tinh toa ra rat Ion lam tang nhiét do tro lai. Tai bac 1, qua trinh nay
Xay ra rat sém, gia tri toc d6 nguoi dat 5 K.s™ tai 0,5 gidy dau tién va 85 K.s* ¢ thoi diém 1,25
gidy; tuong ung tai bac 2 la 45 K.s ¢ khoang 0,75 giay. Qua trinh nay xay ra tai bac 3 va 4 cham
hon khé nhiéu, 1,25 gidy tai bac 3 va sau 2 gidy ddi voi bac 4.
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3.2. Té chuic té vi

3.2.1.Bac1
Hinh 7 biéu dién t chuc té vi tai bac 1 (day 5 mm). Do tdc do ngudi rat I6n (138 K.s?), t6 chirc
hinh thanh rat nho min bao gom pha cung tinh nam xen k& gitra cac nhanh cay a-Al déu tryuc.
Gan tim thép bac
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Hinh 7. Té chuc té vi tai bdc 1 (x 100)
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C6 su khac nhau dang ké vé hinh thai va kich thudc hat a-Al. Kich thudc hat a-Al 16n nhit tai
vi tri gitra tim. Kich thudc hat nho nhat dat dwoc tai vi tri tim tim gan phan dong. Puong kinh
trung binh cta hat a-Al khoing 30 um. Qué trinh tao mam manh ligt xay ra khi kim loai long tiép
xuc v6i khudn (hinh 5) dong gép mot phan dang ké vao diéu nay. Tai vi tri canh bén caa khudn,
kich thuéc hat a-Al ting dan tir phan dong sang phan béc thép, didu nay hoan toan hop ly do toc
do nguoi ¢ phan dong nhanh hon cac vi tri con lai. Cung tinh ¢6 dang hinh kim phan bd kha déu;
mot so pha Siy déu tryc, kich thudc chi khoang 10 pm xuat hién trong to chuc.

Ty phan pha a-Al nhiéu hon so véi truong hop rét trén nhiét do duong long [6], diéu nay c6
thé duoc giai thich dya vao su I6n Ién canh tranh giira to chirc nhanh cay va cuing tinh. V&i mot
tdc do nguodi du 1on, pha a-Al s& duge hinh thanh trude tién, kim loai long con lai s& tré nén giau
Si va chuyén thanh hop kim sau cting tinh, d6 13 1y do vi sao cac hat Sij xuat hién trong t6 churc.

3.2.2.Bac 2

Hinh 8 bidu dién to chuc té vi cua hop kim tai bac 2 (day 10 mm). Kich thudc hat da tho hon
kha nhiéu so véi bac 1 do toc do ngudi tai thoi diém ban dau chi dat gia tri 15 K.s™.
Gan tim thép bac
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Gan tam dong
Hinh 8. To chuc té vi tai bac 2 (x 100)

Tuy nhién, cc pha a-Al van duy tri ¢ hinh thai déu tryc, kich thudc trung binh khoang 50 pum.
Kich thudc hat van nho nhét tai phan gan tim dong nhung sy khac nhau trong truong hop nay 1a
khéng qué nhiéu. Diéu nay c6 thé 1a do khudn da bi nung néng khi kim loai long di vao khuon
duc. Pha cung tinh hinh kim nhé min phan bd kha déu. Mot s6 phan tir Sij nhd min xuit hién
trong t6 chirc, kich thudc hat trung binh chi khoang 20 um. C6 thé thay Ia ty phan cung tinh da
Ién hon rat nhiéu so véi & bac 1, chimng t6 khi téc d6 nguoi thap hon lwong pha a-Al ciing tiét ra
it hon (d9 canh tranh giam), phan 16n kim loai l6ng con lai dong dic dudi dang cuing tinh, rat it
pha Si; dugc hinh thanh.
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3.2.3.Bdc 3

T6 chirc té vi van duy tri & hinh thai déu truc nhung kich thuéc hat da 16n hon rat nhiéu - hinh
9. Piéu nay hoan toan phu hop vai sy thay doi toe do nguoi tai bac 3 (hinh 5). Gia tri toc do
nguodi da giam so véi 2 bac ¢ trén. P ¢6 sy khic nhau dang ké kich thuéc hat trung binh tai cac
vi tri. Kich thudc nho nhat tai vi tri gan phan khuon dong, trong khi gia tri Ion nhat dat duoc tai
vj tri gitra tam. Kich thudc hat trung binh khoang 60 pm.
Gan tam thép bac
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Canh bén day 20 mm

Gan tam dong
Hinh 9. T6 chuc té vi tai bdc 3 (x 100)

3.2.4. Bdc 4

Hinh 10 bidu dién t6 chirc té vi tai bac 4 (day 30 mm). Téc d6 ngudi trung binh tai thoi diém
dau tién chi dat 9,8 K.s™. Chinh vi vdy, t6 chic té vi thu duoc rat thé dai. Cac pha a-Al t6n tai &
dang déu truc, tuy nhién kich thudc hat trung binh 18n téi 80 um. Kich thuéc hat trung binh tai
cac vi tri khac nhau kha nhiéu. Tai vi tri tim tim, cac hat a-Al thu duoc 1a 16n nhit. Biéu nay cé
thé Ia do chiéu day cua vat duc kha 16n, do d6 su khac nhau vé toc do ngudi tai vi tri tm va thanh
khuén khac nhau kha nhiéu.

Pha Sii dugc hinh thanh ciing c¢6 kich thuéc tho hon so véi cac bac trude. C6 thé giai thich diéu
nay la do bac 4 day hon cho nén tdc d6 ngudi giam, mit khéc sau khi kim loai long dién day 3 bac
trén thi khuon da duoc nung néng 1én rat nhidu do do toc do thai nhiét & bac 4 rat cham. Pidu nay
tao nén 1 tdc do nguoi di cham dé pha Si; c6 thé hinh thanh.

Dé thay rd hon anh huong cua toc do ngudi dén su hinh thanh té chic té vi cua hop kim
ADC12, st dung phan mém JmageJ xac dinh ty phan cac pha tai cac bac — hinh 11. Két qua cho
thiy, ty phan pha a-Al (pha mau den trong hinh 11) 16n nhét dat dwoc tai bac 1 14 73,2%, cac két
qua twong ng tai bac 2, 3 va 4 lan luot 12 66,7%, 65,4% va 65%. CO thé khang dinh, di c6 su 16n
I&n canh tranh gita pha a-Al va cuing tinh. Tai bac 1, tbc d6 ngudi 16n nén pha a-Al duoc hinh
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thanh nhiéu hon. Tai cac bac con lai, tbc do nguoi van du IQn dé pha a-Al duoc hinh thanh dﬁg
tién nhung do da nam sat vung déng dac cung tinh nén ty phan pha nhé hon so véi bac 1. Cé thé
thiy rang, téc do nguoi toi han dé nhanh cay a-Al c6 thé hinh thanh la khoang 10 K.s* (hinh 12).
Néu toc do ngudi thap hon thi cung tinh s& hinh thanh.
Gan tam thép bac

% & 1

W) We) enlo

Canh bén day 30 mm

A Ce CO B

Hinh 12. Ngay ¢ néng d¢ cung tinh (Ce)
khi ma téc dé ngui dui cao thi pha a-Al
a) bdc 1, b) bdc 2, ¢) béc 3, d) bdc 4 van hinh thanh. Tée dg ngugi cang lén, ty
phan pha a-Al cang lon [9]
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4. Két luan

1. Toc d6 nguoi cang cao, to chac thu dugc cang nho min va hinh thai té chic hat a-Al cang
tiép can dang nhanh cay déu tryc, trong khi d6 hinh thai va kich thudc cua cung tinh khng khac
nhau qué nhiéu tai cac bac. Dé thay ddi té chirc cling tinh, can két hop véi cac phuong phap khac
nhu: sir dung chat bién tinh, rung co hoc, rung siéu am...

2. C6 mot sy 1on 18n canh tranh giira cing tinh va nhanh cay. Toc do ngui cang Ién, ty phan
nhanh cay a-Al cang nhiéu; téc do ngudi toi han dé nhanh cay o-Al cd thé hinh thanh 1a khoang
10 K.s [7].

3. Khi nhéanh cay o-Al hinh thanh, kim loai long chuyén sang nong do sau cuing tinh, két qua
1a c4c hat Si; nho min va déu truc xuat hién tai cac bac, duong kinh hat trung binh ting dan tir bac
1 dén bac 4. Piéu nay dan dén mét t chie di thé bao gom ca a-Al, Sij va cung tinh, hira hen dat
dugc co tinh tong hop tét (két hop gitta do bén, d6 chiu mon va do dai va dap) [9].

4. Khi 4p dung phuong phép rot qua méang nghiéng lam ngudi voi goc nghiéng 45°, chiéu dai
1am ngudi 300 mm thi t6 chirc déu truc van cd thé thu dugc ngay ca khi chidu day vat dac 1én dén
30 mm do rét nhiéu mam két tinh di thé da hinh thanh trén mang nghiéng lam ngudi (ty phan pha
ran kha cao & cudi mang nghiéng lam nguoi).

Lol cam on
Bai bao nay duoc tai trg boi DE tai nghién ctru khoa hoc thuong xuyén ndm 2020 — 2021 cia
Pai hoc Ky thuat Lé Quy Pon, ma so deé tai: 20.1.017 (3859/Qb-HV).
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