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TOM TAT 

Da chi tao thiit bi dS due gin nhiet do dirdng Idng dung mang lam nguoi de khao s6t qua trinh 
(90 mam va hinh thanh to chirc eua hgp kim nhom A356. Cac thdng so hinh hgc ea ban cua mang lam 
ngudi da dwgc khdo sat gdc nghieng 45° va 60°) va chiiu dai lam ngudi (L = 200mm va 300inm) di 
tim ra che dd toi wu nhat Thong so hinh dang F cua tinh thi trong trwdng hap due tCr trang thai ban long 
nhd han nhiiu so vdi diie thdng thwang va tien tai 1 (ciu trdn). Thai gian tao mam (thong qua gdc 
nghieng ya.chiiu dai lam ngugi cua mang) cin phu hgp de tranh sw tao thanh mgt mang nhanh cay 
virng chac trong qua trinh ddng dgc 

TLF khoa' hgp kim nhdm A356, diic bdn ldng, 

ABSTRACT 

A device for investigation of nucleation and mierostrueture formation processes of A356 alloy 
have been created The effect of the main parameters of cooling slope such as slope angle (45 and 6CP) 
and cooling length (200 and 300 mm) was studied. The expedmental results show that the shape factor 
F in the case of semi-solid casting Is much smaller than that in conventional casting and tends to unity 
(sphere) The time for nucleation must be resonable to avoid the formation of robust dendntic network 
dunng solidification. 
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Qua trinh ddng dac ddi hdi su sdp xep lai 
nguyen tu tu trat tu gan sang trdt tu xa. Do su 
chuven djch do ciia nguyen tu ma qua irinh dong 
dac luon doi hdi mot su khdi ddu khong thudn 
nghjch tir trang thdi can bdng. Tuy nhien trudc 
khi tien tdi giai doan nay can phai cd m t̂ vdi pha 
mdi da ton tai de nguyen tu cd the nhay tu pha 
me sang. Bdi vay can phai hinh thanh vimg 6n 
dinh cua pha mdi. Trong kim loai long nhimg 
dao ddng ngdu nhien co the tgo ra nhdng vimg 
tinh the vo ciing nhd (cum nguyen tir) thdm chi 
d nhiet do cao ban diem chdy, song viing do 
khdng dn djnh. Su tao mam bat ddu d mot do qua 
ngudi nhat dinh, AT = ATn. md do qud nguoi nay 
ddi vdi kim loai trong cac dieu kien tao mdm 
khde nhau (ndi sinh ho^c ngoai sinh) la rdt khac 
nhau. Cd the ndi rdng tao mdm la qud trinh quy^t 
dinh d giai doan dau cua su dong ddc va rdt 
nhanh chdng ddn den sir hinh ihdnh sd hat tinh 
ih^ cudi cung. Bdi vdy cdc diSu kien ddn tdi su 

tao mdm Id vd ciing quan Irong va quyet dinh 
ddc tinh ciia bdt ky to chuc kim loai ndo. 

Neu be kim loai long chira cdc hat rdn, 
hoac tiep xuc vdi thanh khuon hodc ldp mdng 
dxit thi quatrinh tao mdm co the tro nen de dang 
han neu nhu sd luang nguyen tir hodc ndng 
luang hoat boa can thiel cho viec tao mam giam 
di. Dieu ndy dugc biet den nhu su tgo m§m di 
the. Viec tinh todn hinh hoc thudn tu;? cho thdy 
rdng khi bien gidi ran/long ciia kim \o^\ bi thay 
the mpt phan bdi mdt viing bien gidi rdn/rdn 
ndng lirgng thap giua tinh the va chat rdn ngoai 
lai thi qud trinh tao mdm se de dang hon rdt 
nhieu. Hieu qua tdc dgng ciia dieu n6i tren dugc 
ky hieu bdi ham f (G) vd dugc tinh bdng bieu 

(2 + cos^)(l- ""' 
thuc: f{0)^- -, trong do 8 

la gdc thdm udt gitia chom cau ciia mam rdn 
dang Idn Ien va vat the ran (mot phan tu rdn bade 
thanh khuon) [1], Nhung nghien cuu ddu tien ve 
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viec tao mdm tren mang nghieng dugc thuc hien 
bdi nhdm tac gia dimg ddu la T. Haga [2] vd dd 
cd mgt s6 kk qua nhdt dinh. Ddy la phuangphdp 
tao mdm kha dan gian sau do dugc mdt sd nhd 
nghien ciru dp dung trong c6ng nghe diic lien tuc 
tdm mdng [3],[4]. 

2. THIIC NGHIEM 

N5u va \ir ly hop kim 

Hgp kim dugc nau trong Id dien trd 
Nabertherm ciia Due, co su dung bg dieu khien 
tu ddng, CO kha ndng dieu chinh nang nhiet do va 
ha nhiet do theo che do ddt td trudc. Khdi lugng 
kim loai t6i da trong moi me ndu la 3 kg. Khudn 
trudc khi rdt dugc sdy 300-400 °C. 

Hdn hcrp mudi khu tinh luyen c6 thanh 
phdn 15% NajAlFs, 40% NaF, 45% NaCI, 
khoang 10-15 gram nung khd khoang lOÔ C tir 
15 phiit trd Ien. Hpp kim dugc sue khi Nito 3 
phut trudc khi rot. 

Thiet bj tao mam 

Thiet bi nay cho phep thay doi chieu dai 
lam ngudi vd g6c nghieng ciia mdng lam ngudi 
a. Trong nghien cdu da thay ddi cac thong so 
sau: 
- Goc nghieng ciia mang lam ngugi: 45; 60" 
- Chieu dai lam ngugi: 200 - 300 mm 
- Nhiet do rdt kim loai long: 625, 650, 675, 700" 
C 
- Khoang each giCfa ndi graphit vd mang ldm 
ngudi: 100 mm. 

Hinh 1. Thiet bi thi nghiem 

1. Noi phdn phoi kim loai long 
2. Mang lam ngugi 
3. Khudn 

D6i tvong nghien ciiu 

Ddi tugng nghien ciru la hgp kim A356 c6 
thanh phdn (theo ASM-American Society of 
Metals) nhu sau [5]: 

Bdng 1 -

Nguyen to 

% 
Cu 

<0.2 
Mp 

0.25-0.45 
Mn 

<0,1 
Si 

6.5-7.5 
Fe 

<0,2 
Zn 

<0,I 
Ti 

<0.2 

Thdnh phan hgp kim A356 dem nghien 
cdu dugc xdc dinh tai Tdng cue ti6u chuan do 
ludng chdt lugng sd 1418/2012 (xem bdng 2) 

3. KET QUA VA NH^N XET 

3.1. Anh hirdiig cua chieu Ak\ lam nguoi 

Chieu dai lam ngugi thay ddi trong 
khoang 200 den 300 mm, thdi gian tao mdm 
dugc xdc dinh nhu thdi gian kim loai chay tr6n 
mang nghiSng (bdm gid tr6n clip video). G6c 
nghieng ciia mdng Id 60". Ket qua t6 chitc nhSn 
dugc trinh bdy tren hinh 2. 

Nhan x^t: 

1. 0 700 °C, td chirc dd cd dang cdu vdi L 
= 300mm (thdi gian tao mam la 7,6s), trong khi 
td chirc dang nhanh cay rd ret d L = 200mm (thdi 
gian \^o mdm la 6,2s) (mQi ten tren hinh 2b). 
Diiu ndy cd thS gidi thich do chilu dai lam nguoi 
nho (200 mm) vd nhiet dd rdt ldn (700"C), hgp 
kim chua ngudi den dudng ddc, do do mdm ket 
tinh chua hinh thanh vd kim loai ket tinh binh 
thudng dudi dang nhanh cay. 

2. 6 650°Ctd chuc dang cau nhd mjn vdi 
L = 300mm (thdi gian tao mam la 7,8s), trong 
khi t6 chiic dang tru d L = 200min (thai gian tao 
mdm Id 6,3s) (mui ten tren hinh 2d). Co the luu 
y la do nhiet do kim loai giam (tu 700 xu6ng c6n 
650''C) nhdt ciia kim loai tdng Ien nen thdi gian 
kim loai chdy tren mang cung tdng Ien mgt chut 
(tir 7,6 lem 7,8s khi chilu dai mang la 300 mm 
vd tu 6,2 Ien 6,3s khi chieu ddi mang la 200 mm), 
do dd thdi gian tao mdm tdng vd kha ndng hinh 
thdnh mdm ciing ro ret ban. 

3. Trong tdt ca cac trudng hgp kich thudc 
hat d6u khd nhd (-30-40 ^im). Trong khi nghiSn 
cuu [6] cdc hat d trung tam cd dang hinh cdu ldn 
ciing vdi kich thudc hat giira 62 vd 75 jim. 

4. Dg cdu hda tdng Ien theo chilu dai 
mdng Idm ngugi. 
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Bang 2: 

Nguyen t6 SI Fe Cu Mn Mg Zn Ti Cr Ni Pb Sn Al 
% 6,9298 0,5842 0,5363 0,0623 0,0096 0,5068 0,1761 0,0441 0,0139 0,0365 0,0261 91,0744 

! / -

fer j^:£^^^ 
Hinh 2. Td chii-c dai dugc khi chieu ddi ldm ngudi khde nhau 

Shaps Factor F 

F > 1 

Typical pstrticle shape 

O 0 Q> C3 

C3 ^riL:? C^ 

V 

Hinh 3. Thdng sd hinh ddng ctia cdc hinh khde 
nhau. 

Dt ddnh gid do cdu hda cua hat ta su dung 
thdng sd hinh dang. Cac thdng sd hinh dang dugc 
djnh nghTa la F = p^ /47i.S, trong do p la chu vi 
vd S Id dien tich cua hinb [6], Dl dang nhdn thdy 

thong sd binh dang ciia hinh tr6n bang 1, cdc 
hinh khac se ldn hon I. Thdng sd hinh dang ciia 
mgt hinh cdng nhd thi hinh do cdng tien tdi dang 
cdu trdn (hinh 3). Sai so trong viec do cdc thdng 
s6 hinh ddng la + 0 . 1 . Kich thudc cua cac hat 
dugc do theo phuang phdp cdc tuyen tinh b6a 
theo tieu chudn ASTM El 12-96. Sai sd ciia kich 
thudc hat dugc do khoang 3tim. Ta co the diing 
phdn m8m SigmaScan Pro de xdc dinh chu vi va 
dien tich ciia hat. Trong nghi6n ciru nay ta diing 
phuang phdp gdn diing de xdc djnh cac thong s6 
dd. Sau khi tinh todn ta cd ket qua nhu d bang 3. 

Nhdn xet: 
- Ta thiy hieu qua cau boa hat a-AI tang 

Ien khi nhiet dg rot giam. Dieu ndy cd the dupe 
giai thich la do khi nhiet do giam qua trinh ddng 
ddc kk thuc trudc khi gidi ban on dinh cua mdt 
phdn cdch rdn/ldng bj phd vd, do do tinh the se 
khdng phat trien thanh nhanh cdy va cd dang cdu 
tr6n. Ngoai ra, khi nhiet do giam, sd mdm dugc 
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binh thanh ciing mgt liic tdng Ien, lam cho khong 
gian phat trien ciia mdm bj ban che do dd binh 
dang cuoi ciing ciia tinh the cung trd nen trdn 
han. 

Hieu qua cdu hda cao nhat vdi chieu ddi Idm 
ngugi L = 300mm va gdc nghieng ciia mang 60" 
dat dugc la 1.4 khi nhiet dp rdt la 650 "C. Neu ha 
nhiet dp xudng 625" C se la 1.33. Trong khi do 
kk qua trong [6] d giOa 1.2 vd 1.4. Dieu ndy cho 
thdy su phii hgp ciia thi nghiem doi vdi ca ly 
thuyet va thuc te. 

Khi nhiet do rdt cao, chieu dai lam ngudi 
ldn thi hieu qua cao ban chieu ddi lam ngu^i nho, 
nhu da phan tich d tr6n. Khi Tro. ^ 700" C vd L 
= 200mm, hieu qua cdu hda hau nhu khdng co, 
td chirc tao ra co dang nhanh cay tho, to (F > 3). 

3.2. Anh hirong ciia goc nghieng ciia mdng 

Trong loat thi nghiem nay goc nghieng 
ciia mdng Id 45" vdi chieu ddi ldm ngu6i 200 va 
300 mm Anh hien vi dien tu quet (SEM) mdt gdy 
ciia mdu 650-45-300 (nhiet dp rot, goc nghieng 
ciia mang, chieu dai lam ngudi) dugc trinh bay 
tren hinh 5. Cd the so sanh vdi mdu 625-45-200 
tren hinh 6. 

Bdng 3. Thong sd hinh ddng ciia hai linh the 

Nhiet do 
rot, (°C) 

700 
675 
650 
700 
675 
630 
6 

^ 
r 

Chira dai 
lam nguoi, 

(mm) 
300 
300 
300 
200 
200 
00 
00 

i 

It 

Goc 
nghieng cua 

mang, (°) 
60 
60 
60 
60 
60 
60 
60 

1 

1''/ '^ti.S 

1 62 
1 59 
1 40 
3 12 
2 60 

87 

"* * » ' 

# 3 
\ \ 

Tu bdng sd lieu ta co dd thi (hinb 4): 

Thong so hinh d^ng cua cat hai tiiy thuoc 
chieu <lai lam nguoi. Hop kim .A356 

\U,f i. 
Hinh 6 Anh SEM mat gay c a mau 6^5 45 200 

700 675 650 625 
Nhiet dg rot, "C 

Hinh 4. Thong so hinh dang cua cdc hat tinh the 

Hmh 5. Anh SEM mat gdy ciia mdu 650-45-300 

- i t / V i. ^ ' P *i^"»K I > ^'^' :•• -1 

Hinh 7 Anh hien vi quang hoc c a mau 650-
45 300 
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cdn mdt sd it cdc hat dang cau tron (mCii ten tren 
hinh 6). Neu rdt d 650" C thi din cudi mang kim 
loai dugc ngugi vira du de tao mdm (fs "- 10%), 
td chiic kim loai nhan dugc cd dang cdu tron khd 
deu vdi kich thudc 30 - 40 pm (hinh 5,7). 

Ngoai ra neu thdi gian tilp xuc true tiSp 
giiJa kim loai long va mdng qua ddi (gdc nghieng 
nhd, chieu ddi ldn) thi cdn xdy ra hien tugng bdm 
dinh kim loai long tr£n mang lam ngugi va giam 
hieu qua lam ngudi ciia nd (hinh 8). 

4. Ket luan 

Tren co sd nhthig nghiSn cuu phdn tich 
nhu tren ta co the di tdi ket luan rang cac thdng 
so phii hgp ciia mang ldm ngugi Id: 

- Chieu ddi mdng: 200 mm ia du de t^o 
mdm ket tinh 

- Goc nghiSng ciia mdng 60" la phu hgp 
de tao mdt dong chay manh dii cu6n cdc mdm kk 
tinh vao khuon va tranh dugc hien tupng bam 
dinh kim loai tren mang. 

- Hinh ddng tinh the cd dang cau trdn vdi 
thdng sd hinh dang nhd (tien tdi I) trong trudng 
hgp diic ban Idng. 

- Can phdi hgp giu'a chieu dai va goc 
nghieng ciia mang de tranh viec hinh thanh mang 
nhanh cay. 
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Hinh 8. Hinh dnh kim loai bdm dinh tren mdng 
ldm ngugi 

Co the thdy rdng d goc nghiSng 45" thdi 
gian tiep xuc true tiep giua kim loai long vd 
mang la du lau n6n ngay ca khi chieu dai lam 
nguoi ngan (200mm - hinh 6) kim loai gan nhu 
da ket tinh tren mang lam nguoi (ty phan pha rdn 
dd tdi ~ 40%)' nen khi dien ddy khudn chii yeu 
la qua trinh day Ien va thd ra ciia nhanh cay, chi 
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' Ty phdn pha ran ditiic >.ac dmh bdng phifang irinh Scheii f^ - l - ( ^ ^ ) ' " bdng cdch dgt mot can nhiel aplian ciiSi 
mdng ngltiing- Trongdo k = 0 13 Id he so phdn bo, T,„ Id nhiel dd nong chay. Ti.ld nhiet do liquidus cua hapkiinA356. T 




