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Tom tat. Nghien cuu nay tap trung xdc dinh cdc thdng sd cong nghe due dia hop kim nhdm A356.2. O 
dieu kien ngudi cham, hop kim bdt ddu ddng dac d nhiet dd 625-626 °C vd ket thuc ddng dac d 550-
563°C, Khi dupe ngudi nhanh thi cd hai nhiet dp tren deu gidm.Cdc nguyen td hpp kim tap trung d 
bien gidi hat tinh the dudi dang cdc pha lien kim vd chi tiet ra khi dupe lam ngudi cham. 

I. GIOT THIEU 
• -... 

Trong vai nam gan day hop kim nhdm due A356.2 (Al-7%Si-0,04%Cu-0,35%Mg-
0,05 %Mn -0,15%Ti) dugc su dung ngay cang nhieu de che tao cac chi t i i t may dung trong 
cac phuang tien giao thdng nhu dto, may bay, tau thuy,.. vi cd uu thi vugt troi v i nhe va tinh 
cong nghe tdt. Tuy vay, chung van con han che ca ban la do ben khdng cao lam. De khac 
phuc nhugc diem nay ngudi ta dang tirng budc ap dung cac cong nghe due mdi nhu 
rheocasting va thixocasting thay the cho cac phuang phap due ap luc truyen thdng. Viec xac 
djnh cac thdng sd cong nghe due nhu nhiet dd dudng long (liquidus) va nhiet dd dudng dac 
(solidus), su ket tinh va hinh thanh td chuc d cac dieu kien khac nhau la dieu can thiet va la 
ndi dung chfnh ciia nghien cuu nay. 

H. THUC NGHIEM 

Hgp kim nghien cuu cd thanh phan tuong ung vdi mac A356.2 ciia Hoa ky: 
Al-7%Si-0,04%Cu-0,35%Mg-0,05%Mn-0,15%Ti 
Day la mot loai silumin phuc tap, ngoai A l va Si con cd cac nguyen td : Cu, Mg, Mn, Ti. 
Ngoai ra, con cd tap chat Fe - ludn cd mat trong phdi lieu nau hgp kim cung nhu tham nhap 
vao trong qua trinh nau luyen. 
De khao sat dudng ngudi ciia vat due trong khudn, day can nhiet dugc gan vdi khudn va dugc 
ket ndi vdi bd phan nhan tin hieu Temp Scan. Bd ghi nhan tin hieu: OMEGA TEMPSCAN 
1100 cd kha nang ghi nhan tin hieu tir can nhiet va truyen du lieu vao may tinh thdng qua 
chuong trinh CHARTVIEW. 
Td chuc te vi ciia hgp kim va su phan bd nguyen td dugc khao sat tren kinh hien vi dien tu va 
kinh hien vi quang hoc Axiovert 100A. Nghien cuu su cd mat ciia cac pha trong hep kim 
bang phuong phap nhieu xa tia X tren may D5000 do hang SIEMENS, CHLB Dire san xuat. 
Su dung may phan tich nhiet NETZSCH STA 409 PC/PG cho phep phan tich ddng thai DTA 
va TGA (nhiet dd lam viec ciia may tir -120 -T-1650°C, tdc dd nung ndng va lam ngudi cho 
phep tu: (0.01 -r 50°C/S); khoi luong mlu: 18000 mg 
Gian dd pha ciia hgp kim dugc xay dung nhd chuong trinh Thermocalc ciia cac nha khoa hoc 
Thuy Dien. Co sd du lieu dugc lay theo ngan hang du lieu nhiet ddng hoc ciia khdi thi trudng 
chung Chau Au (SSOL). 

HI. KET QUA VA THAO LUAN 

1. Duong ngudi 

Dudng ngudi la thdng sd ddng hoc phan anh ban chat ciia hop kim (chii y iu la nhiet dung 
rieng, an nhiet ddng dac) va kha nang trao ddi nhiet giua vat due va khudn. Hgp kim cd nhiet 
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dung neng, an nhiet ddng dac cang nhd va kha nang tan nhiet tir vat due qua khudn cang ldn 
thi vat due dugc lam nguoi cang nhanh do dd ket qua nhan duac vat due cang chac dac, hat 
tinh the cang nhd. Ngoai cac yeu td neu tren, ta thly tdc do ngudi ciia vat due con phu thudc 
vao khdi lugng va chieu day thanh vat due. Trong ciing loai khudn, vat due cd khdi lugng va 
chieu day thanh cang ldn thi dugc lam ngudi cang cham. Dudng ngudi con chiu anh hudng 
ciia nhieu yeu td khac nua nhu : Chieu day thanh khudn due, ap luc trong qua trinh ket tinh, 
su khuay tron,... Trong nghien ciru nay chi trinh bay mot sd y lu td thudng gap. 

Anh hu&ng cua chieu day thanh vat due (tdc dp ngudi) 

Ou=dng nguoi cua vit due co chieu day khac nhau 

| I 20 mm • 60 mm—a—90 mm | 

Ti 36 nguOi cua vat due vc-i chliu day khac nhau 

| 25 4 

15 20 25 30 35 40 
TMigtan,a | —•—20 mm —»—60 mm —a— 90 IT 

Hinh 1. Duong ngudi cua mdu cd dudng 
kinh khac nhau trong cung mot loai khudn 

Hinh 2. Tdc dp ngudi ciia mdu cd dudng 
kinh khac nhau trong cung mot loai khuon 

De xet anh hudng ciia tdc do ngudi din dudng ngudi ciia hop kim A356.2 mlu thu dugc due 
trong khudn kim loai cd dudng kinh khac nhau : <£>=20, 4>=60 va <J>=90 mm. Ket qua do 
dudng ngudi trinh bay tren hinh 1 va bang 1. 
Dudng kinh ciia mlu thu nhd han thi tdc dd ngudi ldn do dd nhiet dd chay (T L ) va nhiet dd 
ddng dac (T s ) thap han. Khoang ddng dac ciia hgp kim (T L -T S ) giam khi tang tdc do ngudi. 
Thai gian ddng dac ciia hgp kim tuong ung vdi cac mlu <I>=20, $=60 va $=90 mm la 16, 18 
va 20 giay. M l u thu cang nhd thi tdc do ngudi cang ldn do do thdi gian ddng dac cang ngan. 
Qua hinh 1 va hinh 2 ta con thly tdc do ngudi ca 3 mlu deu cd dac diem chung la gdm 3 
vung: 
• Vimg 1 - thai gian nhd hon 5-7-7 giay, khi rot kim loai long d nhiet dd cao vao t i lp xuc vdi 

thanh khudn ngudi, truyen nhiet xay ra rat nhanh do do tdc dd ngudi rat ldn (40 din 50 
°C/s). Tdc do ngudi giam nhanh theo thdi gian khi thanh khudn din dugc nung ndng len. 

• Vung 2 - thdi gian tir giay thir 5 din giay thu 15. Day la vung cd tdc dd ngudi nhd nhit va 
dien bien phuc tap do chju anh hudng ddng thai ciia i n nhiet k i t tinh va nhiet toa ra khi 
tiet cac pha trung gian lien kim. 

• Vung 3 - vung tdc do ngudi tang din do qua trinh t i l t pha ngay cang can kiet. Sau khi tdc 
do ngudi dat cue dai thi giam di nhanh chdng va t i ln tdi dn djnh gin l i ln vdi su xuit hien 
khe hd ngay cang tang giua vat due va khudn. 

Vai trd ciia chieu day thanh khudn 

Dudng ngudi ciia vat due d trong khudn cung phu thudc vao chilu diy khuon (hinh 3). Khudn 
cang day thi lugng nhiet U'ch cang ldn do dd tdc do ngudi ciia vat due ldn hon. Tuy nhien, khi 
due vdi san lugng ldn thi khudn diy lai can trd tdc do ngudi. K i t qua thuc nghiem dugc md ta 
tren hinh 3 va hinh 4 cho thay: dang dudng ngudi va su phan bd 3 vung tdc dd ngudi ciia vat 
due trong khudn hoan toan tuong tu nhu cac trudng hgp chung d tren. 

Vai trd cua dp luc 

Ap luc tac dung vao kim loai trong qua trinh kit tinh ngoai tac dung lam cho vat due chic dac 
hon, ap luc con lam tang tiep xiic giua vat due va thanh khudn, giam thilu khe hd giua vat 
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due va khudn do dd tdc ngudi ciia vat due ldn hon. Ap luc cd anh hudng quan trong nhat la 
vao luc kim loai dang ddng dac d vung 2 pha long va ran. Tren do thi hinh 5 & 6 la khoang 
thdi gian tu 4 din 6 giay. Luc nay ap luc khdng nhirng be gay cac tinh the nhanh cay de nhan 
dugc td chuc nhd min ma con ep kim loai long vao sau giua cac nhanh cay, ep cac nhanh cay 
xit lai vdi nhau k i t qua ta nhan dugc kim loai chac dac va td chirc hat nhd. Ap luc, nhu neu 
tren, con lam cho vat dtic ngudi nhanh hon. Thdi gian ddng dac khi cd ap luc chi gdi gon 
trong khoang 4 giay tir giay thu 3 den giay thu 7. Trong khi due thdng thudng thdi gian ddng 
dac cd the len tdi len tdi 15 den 20 giay (ddi vdi mlu nghien cim). 

800 
700 

O 600 
o 

o-500 
J 400 
S 300 
Z 200 

100 
0 

Difdng ngudi cua vdt due trong khudn day, 
khudn mdng va khudn due ap (ire 

Tho-i gian, s 
| —»— Khuon rnonQ —o— Khuon diy —«— Que ap lure j 

Tdc dfl ngudi cua vat due trong khudn day, 
I;: khudn mdng va khudn due ap it/c 

10 15 20 
Thdi gian. s P • Khuon nuirtg —*>-Khuon diy Que Ap itfc | 

Hinh 3. Dudng ngudi cua vdt due trong 
khuom day, khudn mdng va khudn due dp 

Hinh 4. Tdc dd ngudi ciia vdt due trong 
khuon day,khudn mdng va khudn due dp luc 

Vai trd ciia khuay trdn 

Cac thi nghiem cung dugc den hanh khuay trdn de xet anh hudng ciia khuay trdn den dudng 
ngudi. Hai trudng hpp khao sat la khuay trdn co hoc va khuay trdn tu. Khuay co hoc tien hanh 
trudc khi dd vao khudn de de lam tang dd linh ddng ciia hep kim d vung hai pha. Khuay tir 
tien hanh trong khi do dudng ngudi. Ket qua do dudng cong ngudi khdng dugc trinh bay d 
day. 

2. Dudng long va dudng dac 

Ket qua xdc dinh theo gian dd pha 

Gian dd pha ciia he da cau tu bao gdm tat ca cac nguyen td cd mat trong hop kim A356.2: Al-
7%Si-0,04%Cu-0,35%Mg-0,05%Mn-0,15%Ti. Gian dd dugc bi lu dudi dang mat cat la gian 
do pha ciia he 2 cau tu Al-Si vdi su cd mat cac nguyen td hgp kim : Cu, Mg, Mn va Ti. Gian 
dd pha dugc bieu thi tren hinh 5. Tu gian dd pha vdi trg giup ciia chuong trinh ta xac djnh 
dugc nhiet dd bat dau va ket thiic ddng dac cua hgp kim: Ti=625, Ts=563 °C va AT=62°C. 
Nhu da ndi tren, ket qua xac djnh bang phuong phap gian do pha dua tren dieu kien can bang 
rat thich hgp cho due rheocasting hoac tao ban thanh pham dang phdi cho cong nghe 
thixocasting (hinh 6). 

HPDC machine 
Thiet bi ban long 

II O S 

% Si — • 
Hinh 5. Gian do pha ciia he hop kim 356.2 

Figure 2 
Schematic cr/ the Rheô iiecaaing process 

Hinh 6. May due rheocasting mot thiit bi tao 
hop kim ban long 
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Kit qua xdc dinh theo phuong phdp duong cong ngudi 

Nhiet do TL va Ts ciia hop kim d cac dilu kien khac nhau ghi trong bang 1. Ta nhan thly khi 
dugc lam nguoi cang nhanh thi nhiet do chay (T L ) ya nhiet dd ddng dac (T s ) cang nhd va 
khoang ddng (T L -T S ) cang hep. Bang 1 con chi ra tdc dd ngudi trung binh (Vn g Upi, dd/s) va 
thoi gian ddng dac x ciia hop kim. Due ap luc ep thi tdc do ngudi r i t ldn do do thdi gian ddng 
dac rat ngan chi khoang 4 giay. 

Bdng 1. Cdc thong so dong dac cua hop kim 

Dieu kien ngudi f s , °C Tj,, °C AT, °C x, s V n g U pi , dd/s 
• 20mm 530 587 57 16 24 
• 60mm 536 609 73 18 20 
• 90mm 544 618 74 20 19 
Khudn mdng 550 625 75 25 16 
Due ap luc 525 575 50 4 100 
Can bang 563 625 62 

Khi due, khoang ddng ciia hgp kim (TL-Ts) rat quan trong nhung khdng phai la yeu td duy 
nhat quyet dinh chieu day vung hai pha 5 trong vat due. Khi tang tdc dd ngudi thi ca T L va Ts 
deu giam nen (TL-TS) do dd anh hudng khdng ldn den khoang ddng 5 ma la do gradian nhiet 
do trong vat due quyet dinh. 

Kit qua xdc dinh theo phuong phdp nhiet vi sai 

Tren hinh 8 la k i t qua phan tich DTA dudng mau dd la khi nung ndng, khi ndng chay thu 
nhiet nen cac pick di xudng, va nhiet dd bi t dlu xuit hien pha long la TS=566°C va nhiet dd 
dudng long la T L = 626 °C. Ta cung xac dinh dugc khoang ndng chay AT=TL-Ts=626-566=60 
°C. Ngugc lai trong qua trinh lam ngudi thi cac pick di len do i n nhiet ndng chay va t i l t cac 
pha lien kim toa ra. Ta cung xac dinh dugc T L = 610 °C va T s = 550 °C, va khoang ddng 
AT=TL-TS = 610-550°C=60 °C 

Nhiet dd,°C 

Hinh 8. Duong nung nong vd lam ngudi ciia hop kim A356.2 
qua phan tich nhiet vi sai DTA 

3. Td chuc te vi cua hop kim 

To chuc ciia thoi due tir trong tam thdi due ra ngoai gdm cd cac hat tinh the a va cac kim Si 
trong ciing tinh nam d vung bien gidi hat (hinh 9). 
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Mdu due 060 ben ngoai Mdu dice 060 ben trong 

Hinh 9. Td chirc hop kim sau due ngudi ngoai khdng khi 

So sanh to chirc cud thoi due tie trong ra ngoai. 

Tir hinh 9 ta thay to chuc ben ngoai thoi chic do ngudi nhanh hem phan ben trong thdi due nen 
cac cac tinh thi Si d day tiet ra nhd min hem va nam d bien gidi hat a. Do duac lam ngudi 
nhanh (8-26°C) nen cac pha lien kim chua kip tiet ra. 

Ket qua phan tich tia X 

De khang dinh qua trinh tiet pha khi ddng dac, mlu sau due dugc phan tich xac dinh su cd 
mat ciia cac pha trong hop kim. Ket qua phan tich xac nhan nhan su cd mat ciia cac pha: Al-a, 
Si, AloSi. 

2-Tteta - Scale 
• T:j*.p*-dî  I. Vl_ IXB-C*.-.. .*o—o-<\oasi-*̂mm̂ ÔLXO-p=»«>xa-F*r-«MH. Ja:afi2-'; - zkBV«-i 
• »r i-nn-mw-Ci»k-i«-*o»>- n*w»-t̂ o*M-iim*aaio-̂ «wan-Iû »oflai-iiLgt.Ka ggjogjg 

HinA 10. Ket qua phan tich X-ray 

Theo gian do pha silumin phuc tap thi td chuc d trang thai can bang gdm cd: A l - a, Si, 
Mg2Si, SiiTi, va mot sd pha phuc tap ciia Al-Fe-Si. Nhung khi due lam ngudi vdi tdc dd ldn 
(8-26°C/s), ket qua phan tich tia X khdng thay xuat hien cac pha Mg2Si va cac pha hda ben 
khac chung td lam ngudi vdi tdc dd nhanh thi cac pha lien kim va pha hda ben nay khdng kip 
tiet ra. 
D l khang djnh them nhan xet tren, mlu dugc dem di li (nung ndng tren diem chuyen bien rdi 
lam ngudi rat cham cung Id) sau do dem phan tich tia X d l biet thanh phan pha. Ket qua dung 
nhu ta du kien: sau khi due trong td chirc chi gdm cd pha a, Si, va pha Al 9 Si , nhung khi ii thi 
to chuc xuat hien them cac pha mdi la cac pha: Mg2Si va pha phuc tap Al-Fe-Si. 

Kit qua phan tich EDS 

Phd nhieu xa EDS ciia cac nguyen td d cac v i tri khac nhau cho thay: cac vung ben trong hat 
tinh thi deu xuat hien cac pick cd chua cac nguyen td hgp kim nhu Si, Mg, Cu, Ti, Fe... Ta 
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thay Fe tap trung nhieu d vung gan bien hat hem so voi vung cirng tinh va viing giua hat, dieu 
nay chung td cac pha phuc tap co chua Fe tap trung d vung gan bien nhilu hon viing ciing 
tinh va vung ben trong hat. Dac biet Cu, Mg tap trung nhilu d viing gan bien dudi dang cac 
pha trung gian t i l t ra tai vung bien gidi hat khi lam ngudi. Day la cac pha rat nhd min nam 
phan tan cd tac dung hda bin hop kim. Trong dung dich ran a hoa tan rat it Si, Si tap trung 
chii y lu d vung bien hat - vung ciing tinh. Con vung giua hat tap trung nhieu Ti va mot sd 
nguyen td khac: Mg, Cu, Si,... vdi lucmg it. 

L l i 
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a 

1 
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» a u 

L i 

2-TkeoSiak 
$*tjMnlWi*llr KJH»rM.<*la» Ij* r̂ ilwrt luAW IriHUl* .̂OUI'-SM.B I.JJK-lmlv* TltUB' Tki 18 W Ck.t*T*-rVM0*-
*twigC'hiAWnisi uij i r. .v I,» I<;:T, M;r> ci.rx i«B*i' iir-w ii'jiJ a# r.3'. Paacitacii, 
[ItlMCl Ll-D * MJl-4it;J *LU«! O*-. i*.*as -M»«*Vc<M«-i|»M»- to^/J-pac^if.-I.™™. ja.-.î -'-c l̂̂ *-.̂  

/ / i / i f t l i . T̂er 67«<i p/zan nc/i X-ray sau u 

IV. KET LUAN 

1. Duong ngudi ciia hop kim A356.2 d cac dilu kien khac nhau nhu : chilu day vat due, 
chieu day khudn, ap luc, cd khuay trdn) cho phep xac dinh cac thdng sd ddng hoc qua trinh 
ddng dac nhu : nhiet do chay, nhiet do ddng dac, khoang ddng khi lam ngudi vdi cac tdc dd 
khac nhau, thdi gian ddng dac,.. lam co sd cho cac phuong phap due de tao hinh san pham sau 
nay. 

2. Td chuc ciia hop kim A356.2 khi dugc lam ngudi cham bao gdm a va cung tinh 
[a+Si]. Cac pha lien kim Al5FeSi va Ali5(Mn,Fe)3Si2 chi dirge t i l t ra khi lam ngudi cham. 
Khi dugc lam ngudi nhanh khi due hoac tdi thi cac pha nay khdng t i l t ra. 

3. Ket qua phan tich EDS chi ra rang cac nguyen td hop kim Mg, Cu, Si tap trung chii 
yeu d bien gidi hat tinh the con Ti vdi lugng nhd nam phan bd chii yeu d giua hat tinh thi.,. 

Loi cam on 

Cong trinh nay dugc thuc hien vdi su hd tra ve tai chinh ciia Chuong trinh nha nude 
KC02/06-10 
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