TAP CHi KHOA HQC & CONG NGHE CAC TRUONG DATHQC KY THUAT & SO 98-2014

NGHIEN CU'U Sy HINH THANH TO CHUC HQP KIM A356 TAO MAM
TREN MANG NGHIENG LAM NGUOQI
RESEARCH ON MICROSTRUCTURE OF A356 ALLOY WITH NUCLEATION
ON COOLING SLOPE

DG Minh Dirc', Lé Minh Dirc’, Nguyén Héng Hai'*
/Trm}’ng Dui hoc Bdch khoa Ha Noi
? Hoc vién Ky thugr Quan sie
Bén Tda soan 04-4-2013, chap nhan dang 25-12-2013
TOM TAT

D4 ché tao thiét bi dé dic gén nhiét d6 duong Iéng diing méng lam nguéi dé khéo sat qua trinh
tao mAm va hinh thanh 6 chic cia hop kim nhém A356. Céc thong sé hinh hoc co ban cia mang lAm
nguoi da duvc khdo sal. géc nghiéng 45° va 60°) va chiéu dai lam ngugi ( L = 200mm vé 300mm) dé
tim ra ché d6 16i uu nhat. Théng sé hinh dang F cua tinh thé trong tnwong hop dic tir Irang thai ban long
nhé hon nhiéu so vér diic théng [hu'ong va hen 181 1 (céu tron). Theér gian tao mam (lhong qua géc
nghiéng va.chiéu dar 1dm nguéi ciia méng) can phu hop 06 tranh sw tao thanh mét mang nhénh cay
viing chéc trong qué trinh déng dic

Tir khéa' hop kim nhom A356, dic ban long,
ABSTRACT

A device for i igation of ion and micro 1 fe processes of A356 alloy
have been created The effect of the main parameters of cooling slope such as slope angle (45 and 60°)
and cooling length (200 and 300 mm) was studied. The experimental results show that the shape factor
F in the case of semi-solid casting is much smaller than that in conventional casting and fends to unity
(sphere) The time for nucleation must be resonable {o avoid the formation of robust dendritic network
dunng solidification.
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1. DAT VAN DE 120 mam la vo cling quan trong va quyét dinh

Qua trinh déng dac doi hoi s shp xép lai dac tinh cda bdt ky 16 chire kim loai nio.

nguyén tr tr trdt by gan sang trat ty xa. Do sy \leu bé kim logi léng chira cac hat ran,
choyén djch d6 cia nguyén tr ma gqua trinh dong hodc tiép xic voi thanh khudn hoge 16p mang
dac luon doi hor mot sy khoi diu khong thuan oxit thi qua trinh tao mam cb thé tro nén dé dang
n;,hlch ur trang thai can hang Tuy nhién trudc hon néu nhu sé lugng nguyén nr hodc ning
khi tign 161 giar doan ndy cén phai c6 mot vai pha Jugng hoat hoa cén thiét cho vige tao mam glam
moi da 1dn tai dé nguyén 1t ¢6 thé nhay tir pha di. Biéu nay dugce bidt dén nhu sy tao mam dj
me sane. Boi vy can phai hinh thanh viing on rhc Viée tinh toan hinh hoc thuén tuy cho thiy
dinh cva pha méi. Trong kim loai Jong nhimg riug khi bién gisi ran/long cua kim loai bj thay
dao déng ngdu nhién ¢6 thé tao ra nhimg viing thé mét phan boi mét vang bién Lidi, rdn/ran
tinh thé v4 ciing nho (cym nguyén ar) tham chi nang lugng thip gitra tinh thé va chat ran ngoai
& nhiét do cao hon diém chdy. song ving do lai thi qua trinh tao mam s¢ d& dang hon rit
khéng 6n dinh. Syrtao mam bit diu o mét do qua nhieu. Hiéu qua tac dong ciia didu noi trén duge
nguéi nhat dinh. AT = AT, ma d qua ngusi nay ky hiéu boi ham [ (6) va duoc tinh bing biéu
dbi v6i kim loai trong cac diéu kign 120 mim ("+cost9)(l —cosﬂ)"

khdc nhau (ngi sinh hodc ng_om sinh) 1 rit khac thire: f(8) = . trong d6 ©

nbau. C6 thé néi rén;‘> (ao mam 12 qué trinh quvel
dinh & giai doan dau cua sy déng dic va rat
nhanh chéng dan dén sir hinh thanh s6 hat tinh
thé cudi ciing. Boi vay cic didu kign dan i su

1a géc thim o gitra chom cdu cua mam ran
dang 160 1é0 va vat thé ran (mét phan t rn hoac
thanh khudn) [ 1]. Nhimg nghién cir dau tién vé
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vigc 1ao mim trén mang nghiéng duge thire hi¢n
boi nhom tac gia dimg dAu 12 T. Haga [2] va da
c6 mot sb két qua nht dinh. Day 13 phuong phép
tao mam khd don gian sau d6 duge mt s6 nha
nghién ciru ap dyng trong cong nghé diic lién tuc
tam mong [3].[4].
2. THUC NGHIEM
Néu va vir Iy hop kim

Hop kim duoc ndu trong 1o dién tro
Naberiherm cila Due, ¢6 sir dung b¢ dieu khién
tyr dgng, cd kha nang diéu chinh ning nhigt d6 va
ha nhi¢t d¢ theo ché do 3t trude. Khdi lugng

kim loai 16i da trong, mé&i mé ndu 14 3 kg. Khuén
trude khi rét duge say 300-400 °C.

HA&n hep mudi kha tinh luyén ¢6 thanh
phdn 15% Na:AlFs, 40% NaF, 45% NaCl,
khoang 10-15 gram nung khd khoang 100°C tir
15 phit trg 1én. Hop kim duge suce khi Nito 3
phit trude khi rot.

Thiét bj tao mim

Thiét bj niy cho phép thay déi chiéu dai
1am ngudi va géc nghiéng cia mang 1am ngudi
a. Trong nghién ciru da thay déi cac thong sb
sau:

- Gée nghiéng cua méng 1am ngudi: 45; 60°

- Chicu dai lam ngugi: 200 — 300 mm

- Nhiét 46 rot kim loai long: 625, 650, 675, 700°
C

- Khoang cach gitra néi graphit va méang lam
ngudi: 100 mm.

Hinh 1. Thiét bi thi nghiém
. NGi phan phdi kim loai long

2. Méng 1am ngudi

3. Khudn

Déi tugng nghién ciru

Déi tugng nghién ciru 1a hop kim A356 c6
thanh phin (theo ASM-American Society of
Metals) nhur sau [5]:

Bang I*

uyén 16
%

Cu] Mg [ Mn] Si [Fe|2n] Ti]
<0.2[0.25-045[ 5 0.1 [635-7.5[<02[<0.1]= 02
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Thanh phin hop kim A356 dem nghién
ciu duge xéc dinh' tai Tong cuc 1iéu chuan do
ludng chét lugng s 1418/2012 (xem bang 2)

3. KET QUA VA NHAN XET
3.1. Anh huéng ciia chiéu dai lam ngugi

Chidu dai 1am ngugi thay ddi trong
khoang 200 dén 300 mm, thdi gian tao mam
dugc xdc dinh nhu thoi gian kim loai chay trén
méang nghiéng (bdm gios trén clip video). Goéc
nghiéng cua mang 1a 60°. Két qua 14 chic nhin
durge trinh bay trén hinh 2.

1. G 700°C, 16 chirc d& c6 dang ciu véi L
= 300mm (théi gian tao mam 14 7,6s), trong khi
15 chirc dang nhénh céy ro rét & L = 200mm (thdi
glan 1a0 mam 12 6,2s) (mii tén trén hinh 2b).
Pidu ndy c6 thé giai thich do chiéu dai lam ngudi
nhé (200 mm) v& nhiét b rét 16n (700°C), hop
kim chua ngudi dén duong dic, do do mam két
tinh chua hinh thanh va kim loai két tinh binh
thudng dudi dang nhanh cdy.

2. 0 650°C 14 chirc dang cAu nho min véi
L = 300mm (thoi gian tao mam Ja 7,8s), trong
khi to chire dang tru ¢ L = 200mm (th&i gian tao
mam la 6.3s) (mii t&n teén hinh 2d). C6 thé uu
y 14 do nhiét dé kim loai giam (tir 700 xudng con
650°C) nhén cia kim loai tang 1én nén thoi gian
kim loai chay trén mang ciing tang lén mdt chat
(tr 7,6 1ém 7.8s khi chicu dai mang Ia 300 mm
vatir 6,2 1én 6,3s khi chiéu dai mang Ja 200 mm),
do dé théi gian tao mam tang v4 kha nZng hinh
thanh mam ciing rd rét hon.

3. Trong it ca cac trudng hop kich thude
hat déu kh4 nho (~30 - 40 um). Trong khi nghién
ctru [6] cdc hat & tung tam c6 dang hinh cau Ion
clng véi kich thudc hat gitra 62 va 75 um.

4. D§ cdu hda tang Ién theo chidy daj
mang lam ngudi.
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Bang 2:

Nguyén td Si Fe Cu Mn

%

Mg

Zn

6.9298 0.5842 0,5363 0,0623 0,0096 0.3068 0,176}

Ti Cr

0,0441

Ni Pb Sn
0.0139 0.0365 0.0261

Al

.| L=200mm

Hinh 2. T6 chite dat dege kb chidu dai lam nguei khde nhau

Shape Factor F | Typical parbicle shape
ki DO S D
32F22 G C_\\D 6’5

3 05
F-3
=3 X~

N

N

F=1

Hinh 3. Théng s6 hinh ddng ciia cdc hinh khdc
nhau. .

Dé dénh gi4 dg cau hoa cua hat ta sir dyng
théng 6 hinh dang. Céc théng s6 hinh dang dugc
dinh nghta la F = p?/4n.S, trong dé p 1a chu vi
va $ Ia dién tich cua hinh [6]. D& dang nhan Ihay
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théng sé hinh dang cua hinh tron bang 1. cic
hinh khéc s& lon hon 1. Théng sé hinh dang cuia
m¢t hinh cang nha thi hinb d6 cany nién t6i dang
cau tron (hinh 3). Sai s6 trong viéc do céc thonp
sb hinh dang 13 £0.1. Kich thuoce cua cdc hat
duge do theo phuong phap cac luyun tinh hda
theo tiéu chuan ASTM E112-96. Sai sé cua kich
thude hat dugc do khoang 3um. Ta c6 thé dung
phin mém SigmaScan Pro dé xac dinh chu vi va
dién tich cda hat. Trong nghién ctu nay ta diing
phuang phap gan ding dé xac dinh céc théng 56
d6. Sau khi tinh 10dn ta ¢6 két qua nhu & bang 3.

Nhdn xét:

- Ta thay hiéu qua ciu hoa hat a-Al 1ang
1én khi nhiét do rét giam. Diéu ndy cd thé duoc
giai thich |a do khi nhigt d§ giam qua trinh dong
dic két thuc trude khi gidi han on dinh cua mat
phén cach rin/long bi ph4 v&. do dé tinh thé sé
khéng phat trién thanh nhanh cdy va c6 dang chu
tron. Ngoai ra, khi nhigt do giam, 56 mam duoc

91.0744
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hinl thanh cing mét lic tang 1én, thm cho khong
gian phit trién cua mam bj han ché do d6 hinh
dang cudi cong cua tinh thé ciing tro nén tron
hon.

Hiéu qua cu héa cao nhdt vai chidu dai 1am
ngudi L = 300mm va goc nghiéng cua méng 60°
dat duoc 1a 1.4 khi nhiét d rét 12 650 °C. Néu ha
nhiét d¢ xudng 625° C sé la 1.33. Trong khi dé
két qua trong [6] o giira 1.2 va 1.4. Diéu nay cho
thdy su phu th cta thi nghigm ddi véi ca ly
thuyét va thyc té.

Khi nhiét dé rét cao, chiéu dai lam ngudi
16n thi higu qua cao hon chiéu dai lam nguéi nho,
nhu d2 phan tich ¢ trén. Khi Tre=700°C va L
= 200mm, hi¢u qua ciu héa hdu nhu khéng co,
16 chire (3o ra co dang nhdnh cdy (hé. to (F > 3).

3.2. Anh huong cua gbe nghiéng cua mang

Trong loa’( thi nghiém ndy géc nghiéng
cia mang Ja 45° véi chicu dai 1am ngugi 200 va
300 mm Anh hién vi dién 17 quét (SEM)m3t gdy
ctia mau 650-45-300 (nhiét d6 rét, géc nghiéng
cta mang, chiéu dai 1am ngui) dugc trinh bay
trén hinh 5. Co thé so s&nh véi miu 625-45-200
trén hinh 6.

Bang 3. Thong s6 hinh dang cua hat tinh thé

Nhigtdo | Chieu dar Gée I
rot, (°C) | lam ngudr, | nghiéng cua pz/
(mm) mang, (°) 4n.§

700 300 60 162
675 300 60 159
650 300 60 140
700 200 60 3.12
675 200 60 260
650 200 60 1.87
625 200 60 133

Hinh 6. Anh SEM mét gdy ciia mdu 625-45-200

Tir bang s8 lidu ta c6 dé thi (hinh 4):

Théng & hinh dang cua cic hat tay thuge
chi¢u a1 bam ngudi. Hop kim A356

- N WA
i

Thiéng s6 hinh dang

o

Nhiét dg rét,°C

Hinh 4. Thong 56 hinh dang cua cdc hat tinh thé

Hinh 7. Anh hién vi quang hoc clia mdu 650-
45-300
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con mét sb it cac hat dang cu tron (mili tén trén
hinh 6). Néu rét 6 650° C thi dén cudi méng kim
loai duge ngudi vira di dé tao mam (fs ~ 10%),
td chire kim loai nhin dugc c6 dang cau tron kha
déu vai kich thuée 30 — 40 pm (hinh 5.7).

Ngoai ra néu thdi gian tiép xuc tryc tiép
giira kim loai 16ng va mang qué dai (géc nghiéng
nhé, chidu dai 16m) thi con xdy ra hién tuong bam
dinh kim loai I6ng (rén mang lam ngudi va giam
hiéu qua 1am nguéi cua né (hinh 8).

4. Két lugn

Trén co s& nhimg nghién ciru phan tich
nhu (rén ta ¢6 thé di 16i két luan ring cdc thong
s6 phit hgp ctia mang 1am ngudi 1a:

- Chidu dai méang: 200 mm 13 du dé tao
T 3 . méam két tinh
Hinh 8. Hinh anh kum loai bam dinh trén mdng - Géc nghiéng cia mang 60 1a pha hOP
lam nguoi @& tao mt dong chay manh da cudn cac mam két
tinh véo khuén va tranh dugc hién wong bim
dinh kim loai trén mang.

- Hinh déng tinh thé c6 dang cAu tron véi
thong s6 hinh déng nho (tién t6i 1) trong trudng
hop ditc ban long.

- Cin phoi hop gifta chidu dai va géc
nghiéng ctia méng dé trank viéc hinh thanh mang
nhdnh cdy.
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C6 thé thiy ring & géc nghieng 45° thai
gian tiép xic truc tiép gitra kim loai long va
mang 1a div 130 nén ngay ci khi chidu dai lam
nguéi ngin (200mm — hinh 6) kim loai gan nhu
da két tinh trén mang [am nguol (ty phan pha rin
da 167 ~ 40%)' nén khi dién ddy khudn cha yu
1a qué trinh day 1&n va (hé ra cda nhanh cdy, chi
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\ Ty phén pha rdn dhege sdc dinh bing phiong irink Sched- f, =1 — (’"’T‘) e bing ciich dt mét can nhict o phiin cudt
méng nghiéng. Trong d6 & -0 )3 L& hé 56 phin b6, Tm I ninét d6 ndng chay. Ti.la nhié1 dé liquidus cua hop ki A356. T
i whiét 05 khao st
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