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ANH HUONG CUA TOC PQ NGUOQIL TOC PO PONG PAC PEN SU
HINH THANH PHA a-Al TRONG HQP KIM ADC12 PUC BAN LONG

Lé Minh Pirc!*, Nguyén Vin Thuin!, Nguyén Hong Hai?
'Pai hoc Ky thudt Lé Quy Don
2Dai hoc Bach khoa Ha Ni

Tom tat

Bai bao trinh bay anh huong cia tde do ngudi, tdc do dong dac dén sy hinh thanh pha a-Al
trong hgp kim ADCI12 khi rét trén mang c6 chiéu dai 300 mm véi goc nghiéng 45° vao
khuén c6 4 bac véi chidu day khac nhau (5, 10, 20 va 30 mm). Két qua cho thay, tai bac 1 tbc
d6 ngudi va tbe do dong dic dat cuc dai (138 K.s1va 0,43 s1) dan dén ti phin pha a-Al dat
gia tri 1on nhét 73,2%. Trong khi gia tri nay tai bac 2, 3 va 4 la 66,7%, 65,4% va 65% tuong
tmg véi toe dd ngudi 1a 15,0, 14,6 va 9,8 K.s™. Kich thudc ctia pha a-Al ting dan tir bac 1
(~ 30 um) dén bac 4 (~ 80 um), trong khi hinh thai nhanh cay a-Al déu truc voi do cau hoa
cao dugc duy tri tai tat ca cac bac. Tdc do nguodi nho nhét dé t6 chic nhanh cay a-Al déu
truc hinh thanh khoang 10 K.s™%.

Tir khoa: Hop kim ADC12; hop kim Al-Si; dic ban long; téc do nguoi; téc do dong dac.

1. Pit van dé

Hop kim Al-Si duoc st dung rong rai trong cong nghiép ché tao may vi chiing co
cac dic tinh wu viét nhu: khéi luong riéng nho, hé sé din nhiét cao, tinh dtc tuyét voi, va
tinh han t6t. Trong ho hop kim nay thi hop kim nhom ADC12 (JIS-5302) dugc st dung
pho bién dé duc trong khudn kim loai (dtc trong trudng, duc ap luc) [1-2].

Co tinh cta hop kim nay & trang thai diic duge quyét dinh boi rat nhidu yéu o,
trong d6 t chirc té vi 6 tim quan trong hang dau. C6 rat nhidu cach dé thay ddi to chirc
té vi cua vat dac nhu: S dung chét bién tinh, thay ddi tbe do ngudi, khuély co hoc,
khudy dién tir, rung siéu 4m, duc gan nhiét d6 duong 1ong [3],... Trong d6, k¥ thuat
thuong duge sir dung nhat chinh 13 thay doi tbc do ngudi ciia hop kim. Hiéu qua ting
1én khi két hop diéu chinh téc dd ngudi va cac bién phap trén. Khi két hop voi phuong
phap dtic gan nhiét d6 duong long dung mang nghiéng lam ngudi tao mam di thé c6 chi
phi thap va cho t6 chirc té vi dang cau hodc gan cau [4].

Theo Haga va Kapranos [4], co ché bé gy cac nhanh cdy dong vai trd quan trong
trong qua trinh kim loai long chdy trén mang nghiéng lam ngudi. Sy bé gdy cac nhanh
cdy ndy co thé xay ra trén bé mat ciia mang nghiéng do céc tinh thé nhanh cay trong kim
loai dang dong dac va cham voi nhau dudi tac dung cua luc trong truong trén mat mang.
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Céc phan tir ran sau khi duoc bé giy doc theo chiéu dai cua mang nghiéng s& dugc phat
trién trong khudn. Motegi va cong su [5] ciing cho ring, cac tinh thé kim loai dugc tao
ra trén mang nghiéng va di chuyén cing hop kim 1éng vao trong khuédn, va sau do6 tré
thanh hat trong khuon tao ra td chirc té vi nho min. Ti phén pha ran duoc hinh thanh &
cubi mang nghiéng va tbc do thai nhiét ciia khuoén dic quyét dinh hinh thai va kich
thudc cua hat. Do d6, viéc xac dinh céc tham sb qué trinh dong dac (téc dd ngudi, tde do
dong dic) 1a rat can thiét.

Tbc do ngudi dugc dinh nghia la tdc do giam nhi¢t d theo thoi gian va ky hiéu la
dT/dt. Téc d6 dong dic co lién quan t6i toc do ngudi va trong trudng hop nay co thé
duogc dinh nghia 1a tc do ting ti phan pha ran theo thoi gian, dfs/dt (1/s).

Tai Dai hoc Bach khoa Ha Noi, cac nghién ctru da tim ra dugc anh hudng cua tdc
do ngudi, chét bién tinh va cac tham sb cong nghé khac dén t6 chuc té vi va co tinh cua
hop kim nhom A356.0, A413.0 va A390.0 [6-8].

Wang Shaozhu va cong sy [9] chi ra rang, tai cac vi tri khac nhau do tdc d6 ngudi
khac nhau nén t6 chirc té vi va d6 clmg Vicker cua chi tiét dugc ché tao tir hop kim
ADC12 bang phuong phap duc ép gan nhiét do dudng 16ng s& khac nhau. Vé co ban, tai
vi tri thanh mdng t6 chire té vi s& nhé min va d@)ng déu hon céc vi tri khac.

Viéc xac dinh anh hudng cta téc do ngudi va tdc do dong dac dén sy hinh thanh pha
o-Al ctia hop kim ADCI12 diic gan nhiét d6 dudng long ding méng nghiéng 1am ngudi con
chua duge thuc hién nhiéu tai Viét Nam. Chinh vi vay, bai bao nay tién hanh xé4c dinh anh
huong cia 2 tham s trén.

2. Thuc nghiém
2.1. Péi twong nghién ciru

Hop kim ADC12 (JIS-5302) ¢6 ham lugng Si gan thanh phan cling tinh, sy ¢6 mit
ctia cac nguyén t6 khac (Cu, Zn, Fe) lam cho n6 c6 mot khoang dong dic nhat dinh.
Theo ASTM SC102A, hop kim nay c6 nhiét d¢ duong long Tr = 580,0°C, nhiét do
duong dac Ts = 515,0°C [10].

Hop kim ADC12 trong nghién ctru nay c6 thanh phan nhu trong bang 1. Nhiét d6 dudng
16ng va dudng dic x4c dinh bang phan mém JmatPro lan lugt 14 : 587,5va 545,0°C (Hinh 1).

Bdng 1. Thanh phan cia hop kim ADCI2 nghién ciru

Si Fe Cu Mn Mg Zn Ti Cr Ni Al
11,58 | 0,63 2,09 0,17 0,08 0,77 0,05 0,02 0,06 | Con lai
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Hinh 1. Nhiét dé t6i han ciia hop kim ADCI2 xdc dinh bang phan mém JmatPro.

Hop kim duoc ndu trong 16 dién tré. Khéi luong mot mé ndu 1a 2 kg. Trong qué trinh
nau kim loai long dugc che phu bfmg hon hop mudi c6 thanh phﬁn: 45 %KCl, 10 %NaF,
45 %NaCl; hdn hop mubdi khir khi va tinh luyén: 15 %NasAlFs, 60 %NaCl, 35 %KCl,
luong dung khoang 10+15 g nung kho ¢ 100°C tir 15 phat trd 1én. Hop kim long dugc rot
qua mang nghiéng 45°, chidu dai 1am nguoi 300 mm. Nhiét do rot: 610°C.

2.2. Ciu tgo khuén diic

Khuon dic bao gdm: mot phan khuodn dong co kich thude 250 x 100 x 25 (mm) dé
tang téc d6 ngudi cho hop kim; mot phan khudn thép 5 béac, cac thanh bén va day.
Céu tao khuon nhu trong hinh 2a.
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Hinh 2. (a) Cdu tao ciia khudn dic; (b) Vi tri do nhiét do.
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Hinh 3. So' do bo tri thiét bi
1. Mang nghiéng lam ngudi; 2. Khuén dic; 3. Thiét bi K-Thermocouple; 4. Can nhiét loai K;
5. Hé théng nwoc lam nguoi; 6. May tinh ghi dir liéu nhiét do.

Su thay d6i nhiét d6 ctia timg bac va cudi mang nghiéng 1am ngudi duoc ghi lai bang
thiét bj K-Thermocouple ding can nhiét loai K. Thong qua thiét bi nay c6 thé xac dinh dugc
nhiét do kim loai 1ong tai timg thoi diém véi bude thoi gian 13 0,25 s. Cac bac ciia khudn
duoc do nhiét do tai vi tri tim nhu hinh 2b. Tl nhiét d6 do dugc c6 thé tinh toan téc do ngudi,
ti phan pha ran va toc do déng dic. So dd bo tri thiét bi dugc trinh bay trong hinh 3.

Ti phan pha rin duoc xac dinh theo phuong trinh Scheil [11]:

(K4
TM _TL
= ?

trong d6: Twm - nhiét 46 ndng chay ctia nhéom nguyén chat (°C); Ti - nhiét do 1ong ctia hop
kim ADC12 nghién ctru (587,5°C); T - nhiét d6 can xac dinh ti phan ran (°C); k - hé s6 phan
b, k= 0,13 v6i Si [12]; fs - ti phan pha ran tai mot nhiét d6 cu thé (%).

3. Két qua va thao luan

3.1. Téc dé ngudi ciia hop kim
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Hinh 4. Toc do ngu¢i cua hop kim ADCI2 Hinh 5. Tt phan pha ran
tai cac bdc. cuoi mang nghiéng.
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Hinh 4 biéu dién toc dd nguoi tai cac bac theo thoi gian. Théy réng tde do nguoi
trung binh dat cyc dai tai thoi diém dau tién kim loai 16ng tiép xtc v6i khuodn (138 K.s?)
tai bic 1, gia tri ndy twong Ung tai bac 2, 3 va 4 lan luot 13 15,0, 14,6 va 9,8 K.s™.

Tbc dd ngudi tai cac bac giam dan theo thoi gian do khudn bi noéng 1én va chiéu
day vat duc ting. Toc d6 ngudi co thoi diém dat gia tri duong, diéu nay c6 thé duoc giai
thich nhu sau: Khi kim loai 16ng di qua mang nghiéng lam ngudi di tao ra sd luong tim
mam két tinh di thé dang ké (Hinh 5) két hop voi toe do thai nhiét nhanh cta khudén dan
dén qua trinh phat trién mam xay ra manh liét, an nhiét két tinh toa ra rat 16n lam ting
nhiét do tro lai. Tai bac 1, qua trinh nay xay ra rat som, gia tri tdc do ngudi dat 5 K.s™
tai 0,5 gidy dau tién va 85 K.s ¢ thoi diém 1,25 gidy; twong tng tai bac 2 14 45 K.s* &
khoang 0,75 gidy. Qua trinh ndy xay ra tai bac 3 va 4 cham hon kha nhiéu, 1,25 gidy tai
béc 3 va sau 2 gidy dbi véi bac 4.

3.2. Ti phin pha rin va toc dp dong dic

Ti phan pha rin duoc xac dinh dua theo phuong trinh Scheil (phuong trinh 1) va
toc do dong dic duoc xac dinh bang sy thay d6i ti phan pha rin theo thoi gian dfy/dt. Sy
thay d6i 2 gia tri nay theo ting bac duoc biéu dién trong hinh 6 va hinh 7.

Nhan thay, ti phan pha ran ting theo thoi gian, nhanh nhat tai bac 1 va cham nhat
tai bac 4. Diéu nay 1a do ti phan pha ran ti 1& thuan vdi téc d6 ngudi. Khi tbe d6 nguodi
nhanh, tao diéu kién cho qué trinh tao mam két tinh, chinh vi vy ti phan pha ran ciing
nhu toc d6 dong dic ting 1én nhanh chéng.
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Ty phan pha rin, fs

Theoi gian, s
Hinh 6. 77 phdan pha rdn tai cdc bdc.

Tai bac 1 va 2, ti phan pha ran dat khoang 23 va 11% tuong tmg véi tbc d6 dong
dic 1an luot 13 0,43 va 0,26 s ¢ gidy dau tién hop kim tiép xuc v6i khudn. Ti phan pha
ran c6 thoi diém giam, hay 1a toc d6 dong diac doi dau. Co thé giai thich 1a do qua trinh
tao mam két tinh tao ra an nhiét két tinh rat 16n dén dén nhiét do tang tré lai. Chinh vi

véy, theo phuong trinh (1) ti phan pha ran s& giam.
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dfs/dt, st

Hinh 7. Téc dé dong ddc tai cac bdc.

3.3. Anh hwéng cia toc dé ngudi va toc dp dong dic dén sw hinh thanh pha a-Al

Str dung kinh hién vi Axiovert A2M dé quan sat to chiic t& vi. Mau quan sat to
chtrc duoc cat tai vi tri tim ctia mdi bac. Anh hudng cua toc do ngudi va tée do dong
dic dén sy hinh thanh pha a-Al trong hop kim ADC12, dugc xac dinh thong qua kich
¢ bang cach sir dung phan mém JmageJ (Hinh 8).
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d) Tham sé hinh dang Béc 4: 1,21

¢) Tham s6 hinh dang Bdc 3: 1,24
Hinh 8. Phan tich # phan pha va tham sé hinh dang bang phan mém ImageJ.

62



Tap chi Khoa hoc va Ky thudt - ISSN 1859-0209

Két qua cho thay, kich thudc hat o-Al nho nhét (~ 30 um) dat duoc tai bac 1 tng voi
toc do nguoi dat dén 138 K.st. Kich thudc hat a-Al giam dan theo cac bac, gia tri nay tai
béc 4 khoang 80 pm khi tdc d6 ngudi chi dat 9,8 K.s™.

Ti phan pha a-Al (pha mau den trong hinh 8) 16n nhat dat duoc tai bac 1 1a 73,2%,
cac két qua tuong tmg tai bac 2, 3 va 4 1an luot 13 66,7%, 65,4% va 65%. Trong trudng hop
téc do ngudi nho, pha cung tinh phai dugc hinh thanh dau tién va chiém ti 1én 16n.
Tuy nhién, tbc d6 ngudi ¢ day rat 16n cho nén da co sy 16n 1én canh tranh gitta pha a-Al va
cung tinh. Tai bac 1, tdc d6 ngudi va téc do6 dong dic 16n (138 K.s™ va 0,43 s1) nén pha
a-Al dugc hinh thanh nhiéu hon. Tai cic bac con lai, tdc do nguoi van du 1on (bac 2,3 va4
1an Iuot 14 15,0, 14,6 va 9,8 K.s™) dé pha a-Al duoc hinh thanh dau tién nhung do d4 nam
st ving déng dic cung tinh va do tdc d6 dong ddc d nho hon kha nhiéu nén ti phan pha
o-Al nhé hon so véi bac 1. C6 thé thay rang toc d6 ngudi t6i han dé nhanh cdy a-Al déu
truc ¢ thé hinh thanh 1a khoang 10 K.s (Hinh 9).

Viing tbn tai

a-Al \‘(

A Ce € B

Hinh 9. Ngay ¢ nong dé cing tinh (Ce) khi ma toc dg ngudi dit Iém thi pha a-Al van hinh thanh.
Toc dg ngudi cang Iom, ti phan pha a-Al cang Ién [13].
Téc d6 ngudi va tde dong dic con anh huong 16n dén mirc d6 ciu hoa cua pha
0-Al duoc hinh thanh. Mtrc d6 cau hoa dugc danh gia théng qua tham sé hinh dang:
F =p?/4n.S, trong d6 p 1a chu vi cua hat, S la dién tich chiém chd cua hat. Céc dic tinh

& trang thai ban 1ong 14 tot nhét khi thong sb hinh dang d6 dan téi 1 (Bang 2).
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Badng 2. Phdn logi hat theo tham s6 hinh dang [14]

Tham s6 hinh dang F Hinh dang hat cu thé

F=1 O
P "YEX

= T o
SWAE-SCY

F>3 _ﬁ .,gw

Str dung phan mém ImageJ dé xac dinh chu vi va dién tich chiém chd ctia pha

0-Al (pha mau den) trong to chirc nhu hinh 8. Két qua tham sd hinh dang cua hat tai
ting bac duoc thé hién trong bang 3.

Bdng 3. Tham s6 hinh dang ciia cdc bdc

Béc Chu vi trung binh, Dién tich chiém chd Tham s6 hinh dang
khudn p (um) trung binh, S (um?) F
1 12,997 75,243 1,315
2 1,548 69,986 1,548
3 11,727 100,406 1,244
4 9,740 108,183 1,202

C6 thé thay, tham sb hinh dang cua tat ca cac bac déu nam trong khoang tir 1 dén
2, tire 1a hat co céu trac dang cau hodc g?m ciu. Nhu vay, tbe do ngudi anh huodng rat
16n dén ti phan va hinh thai ciia pha a-Al dugc hinh thanh.

Khi so sanh véi két qua trong [15] c6 thé thdy, kich thudc va mirc d6 cau hoa pha
o-Al cia nhém nghién ciru (Hinh 10d) tot hon kha nhiéu so vé&i trudng hop rét trong
truong trong khudn kim loai (Hinh 10a), twong dwong voi cong nghé dtc ap luc budng
ép ngudi (Hinh 10b); khi so véi cong nghé diic ép thi mirc d6 cau hoa cao hon mot chut
(Hinh 10c). Kich thudc va sy phan bd cia pha cung tinh gin gidng voi trudng hop dic
ap luc nhung thé hon so véi trudng hop dac ép. Tuy nhién, gia thanh ché tao thiét b ré

hon rat nhiéu so véi cac thiét bi trén.
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Hinh 10. Té chirc ciia hop kim ADCI12 déi véi cong nghé diic khdc nhau.

4. Két luan
Tbc do ngudi va tde do dong dic cua hop kim ADCI2 rét gan nhiét do duong

16ng qua mang nghiéng 1am ngudi ting nhanh trong giai doan dau va giam dan theo thoi
gian khi khuon bi néng 1én va chiéu day vat duc ting 1én. Toc do ngudi ctia qué trinh
duc ban 10ng co thé d6i dau, dat gid tri duong néu qua trinh tao mam du nhanh, 4n nhiét
két tinh téa ra du 16n dé lam tang nhiét d6. Piéu nay chimg t6 qua trinh tao mam xay ra
manh li¢t, nhiéu mdm dwoc hinh thanh hon, day 1a co ¢ d€ tao ra to chirc nhé min.

Tai vi tri cudi mang nghiéng lam ngudi, di c6 luong tim mam di thé nhét dinh duoc
hinh thanh (trung binh khoang 15% trong 1 gidy dau tién), diéu nay tao diéu kién thuan loi
cho qué trinh tao mam tai bac 1 va 2 (khoang 23 va 11% ti phan pha ran). Tai cac bac con
lai, do khuon bi néng 1én va chiéu day thanh tang I1én, qua trinh tao mam khong con thuan
lgi. Chinh vi vay, kich thudc trung binh ctia pha a-Al taing dan tir bac 1 dén bac 4.

Co sy 16n lén canh tranh gitra nhanh cdy va cung tinh. Tbe @6 ngudi va tde do
dong ddc cang nhanh, ti phan pha a-Al dugc hinh thanh cang nhidu. Téc d6 ngudi nho
nhit dé nhanh cay o-Al c¢6 thé hinh thanh trong trudng hop nay khoang 10 K.s™.
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THE EFFECT OF COOLING RATE, SOLIDIFICATION RATE ON THE
FORMATION OF o-Al PHASE IN ADC12 ALLOY SEMI-SOLID CASTING

Abstract: This paper presents the effect of the cooling and solidification rate on the
formation of a-Al phase in ADC12 alloy when poured on a cooling slope with a length of
300 mm, an angle of 45° into the 4 steps of a mold with different thicknesses (5, 10, 20 and
30 mm). The results show that, the cooling and solidification rates are maximum (138 K.s™ and
0.43 s) leading to the fraction of a-Al phase reaching the maximum value of 73.2% in the first
step. While this value at steps 2, 3 and 4 is 66.7%, 65.4% and 65% respectively for cooling
rates of 15.0, 14.6 and 9.8 K.s™. The average size of a-Al phase gradually increased from the
1st step (~ 30 um) to the 4th step (~ 80 um), while the equiaxed dendritic grains of a-Al with
high globalization are retained at all steps. The minimum cooling rate to create the equiaxed
dendritic grains of a-Al is about 10 K.s™.

Keywords: ADC12 alloy; Al-Si alloy; semi-solid casting; cooling rate; solidification rate.
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