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Tom tit

Bai bao nay trinh bay vé nghién citu thic nghiém
khdo sdt co tinh, d¢ dan dién cia c&c tam hop kim
nhdm bién dang AK6 sau nhiét luyén toi va hoa
gia. Cac két qua nghién cizu chi ra rang, sau gia
cdng bién dang ép chay va ddp néng, nhiét do toi
hop kim AK6 nam trong khodng (510-520)°C,
nhiét do héa gia thich hop 1a 165°C cho két qua
gigi hgn bén, gidi han chay, dé dan dién cao,
trong khi d¢ déo dai van giir dirgc twong doi cao
sau thoi gian hoa gia 94. Khi dé, dg cirng ciia mau
hop kim dat 134HV, gidi han bén kéo dat 412MPa,
do gian dai tuwong doi dat 16 % va dé dan dién dat
37,5%IACS. Nhitng két qud ndy la co sé buée dau
trong nghién cuizu ing dung c&c hop kim nhém
AKG6 trén co sé hé Al-Cu-Mg-Si-Mn vao thyc tién
san xudt, dac biét 1a san xuat quéc phong.

Tig khéa: Hé Al-Cu-Mg-Si-Mn, hop kim nhém
bien dang AKE, héa gia nhan tao, do cung, gidi
han bén, dé gidn dai twong doi, dé dan dién.
Abstract

This paper conducted experimental study on
determining mechanical properties and electrical
conductivity of AK6 wrought aluminum alloy
sheets after quenching and artificial aging. The
results showed that, after plastic deformation, the
AK6 alloy was subjected to quenching at
temperature in the range of (510-520)°C and
artificial aging at 165°C. Then, hardness, tensile
strength and electrical conductivity of the alloy
reached high values, meanwhile elongation was
still maintained at a quite high value after aging
for 9 hours. These values were about 134HYV,
412MPa, 37.5%IACS and 16%, respectively.
These results provide a scientific basic for
application researches of AK6 aluminum alloy
based on Al-Cu-Mg-Si-Mn system to manufacture

mechanical products, especially in the field of
defense production.

Keywords: Al-Cu-Mg-Si-Mn  system, AK6
wrought aluminum alloy, artificial aging,

hardness, tensile strength, elongation, electrical
conductivity.

1. Pat van dé

Hop kim nhém bién dang AK6 theo tiéu chuin
GOST (Nga) thuoc hé hgp kim nhém phuc tap Al-Cu-
Mg-Si-Mn dugc phat trién tir nhitng nim 1940 cua thé
ky XX [1]. Pay 1a hé hop kim vira ¢6 dic diém gidng
cac hop kim Bura (hé Al-Cu-Mg), vira c6 dic diém
gidng cac hop kim Avian (hé Al-Mg-Si). Hop kim nay
¢ d6 déo dai cao, do bén khé cao, kha ning chiu rén,
ép va han kha tét [1-4]. Cong nghé ché tao chu yéu
dbi véi hop kim AK6 1a bién dang rén, ép va xu ly
nhiét thich hop. T chirc té vi cua hop kim AK6 sau
nhiét luyén gébm céc hat dung dich rian nén Al va cac
pha CuAl; va Mg.Si phan tan [4-6]. Nho c6 tinh déo
cao ¢ trang thai néng nén hop kim AK6 dugc sir dung
dé ché tao céc chi tiét ¢6 hinh dang rat phuc tap trong
nhiéu linh vuc hang khong, vii try, dic biét trong linh
vuc ché tao vii khi nhu cac loai canh quat, canh dong
co phan lyc, vo céc thiét bi c6 thanh mong, khung
canh nang, khung canh lai,...

Cho dén nay, hop kim ndy van duoc quan tdm
nghién cau [7-11]. V. Trifonov va cac cong su [7]
nghién ctu anh huong cua bién dang siéu déo dén
dong hoc quéd trinh hdéa gia. N. Belov va N.
Avksent’eva [8] sir dung phan mém The Thermo-Calc
dé tinh toan cac mat cit dang nhiét cac hop kim hé Al-
Cu (2xxx) trong d6 c6 hop kim AKS6, con I.
Konstantinov va cac cong su [9] sir dung phin mém
dé md phong qua trinh rén khudn kim loai hop kim
AKG6. Trong khi d6, A. Shanyavskii [10] nghién cau
co ché pha hay moi cua hop kim nay. Téc gia P.
Reznik va cac cong su [11] s dung phuong phap phan
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tich nhiét va vi phan tich dau do dién tir & nghién ctu
qua trinh nau chay va ddng déu hoa thanh phan céac
mau hop kim AK6 cong nghiép.

Mac du vay, cac cong trinh mang tinh cong nghé
ché tao theo hudng hoa bén, cai thién tinh chat dan
dién cua hop kim AK6 khi (ing dung trong thuc tién
chua duoc dé cap hodc cong b nhidu. Day 1a nhirng
tinh chét rat quan trong cua hop kim, dic biét khi tng
dung trong ché tao cac chi tiét vii khi. Chinh vi vay,
bai béo nay tién hanh nghién cau khao séat thuc
nghiém cong nghé nhiét luyén (bao gom toi va héa gia
nhan tao) nham xac dinh co tinh, d6 dan dién cua cac
hop kim nhdm bién dang AK6. Nhitng két qua nay 1a
co s& dé nghién cau cac hop kim nhdm néi chung va
hop kim AK6 thuoc hé hgp kim nhém Al-Cu-Mg-Si-
Mn n6i riéng nham nang cao kha ning &ng dung vao
thuc tidn, dic biét 1a trong san xuat quéc phong.

2. Thuc nghiém

Hop kim nhém AK6 theo tiéu chuin Nga GOST
4784-97 c6 thanh phan héa hoc duoc cho trong Bang
1 [12]. Thanh phan héa hoc hop kim thuc nghiém
duoc cho trong Bang 2.

RO rang, thanh phan hoéa hoc cua hop kim thuc
nghiém trong Bang 2 hoan toan niam trong giéi han
cua hop kim AK6 theo tiéu chuan Nga GOST 4784-
97 (Bang 1).

Cac mau hop kim nhém AK6 ¢ dang ban thanh
pham di qua gia cong bién dang la ép chay va dap
nong. Qua trinh dap nong dugc tién hanh trén cac mau
da qua ép chay & nhiét do (430-450)°C véi 2 budc bién
dang lan luot 14 45% va 80%. Sau dé, cac mau hop
kim nghién ctru dwoc cit ra tir phdi cung cdp gom mau
kim twong cho phan tich t6 chic té vi, do do cing
(xem Hinh 1) c6 kich thuéc 1a 8x6x4 mm (dai x rong
x day) va mau thir kéo cho xac dinh cac dic trung vat
liéu (xem Hinh 2).

Quaé trinh thuc nghiém dwoc thuc hién bang cach
t0i & nhiét do (515+5)°C, giit nhiét 40 phut; sau d6 hoa
gia ¢ 150°C, 165°C va 195°C véi céc thoi gian khac
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nhau. Sau hoéa gia, cac miu thuc nghiém dugc tién
hanh d6 cang HVS5, gidi han bén, 6 gidn dai twong
ddi, do dan dién va to chirc té vi cua hop kim.

Hinh 1. Méu cho phan tich té chic té vi, do dé citng
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Hinh 2. Kich thuwéc méu thii kéo (a)
va méu thi kéo thuc nghiém (b)

Céc thiét bi sir dung dé nghién ctiru bao gdm thiét
bi do d6 cimng Vickers (HV - Wilson Wolpert), thiét bi
thir kéo nén van nang TT-HW2-1000, thiét bj do dién
tré Megger DLRO-10, kinh hién vi quang hoc Axio
Imager A2M.

Bdng 1. Thanh phén héa hoc ciia hgp kim nhém AK6 (GOST 4784-97)

. Tap chét khéc
Si Fe Cu Mn Mg Cr|Zn| Ti | Ni O - Al
Moi loai | Tong
0,7-1,2 |0,7| 1,8-26 | 0,408 | 04-08 | - {0,3/0,1|0,1 0,05 0,1 | Conlai
Bdng 2. Thanh phan héa hec hgp kim thuc nghigm
Si Fe Cu Mn Mg Zn Ti Ni Al
0,98 0,22 2,18 0,61 0,63 0,03 0,1 0,01 Con lai
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3. Két qua va thao luan

Mot sb cong trinh nghién ciru da chi ra rang, voi
hop kim AKS, nhiét do tdi tét nhat nén chon trong
khoang (490-530)°C [1-3], do vay, nhom tac gia lua
chon nhiét do t6i ddi véi cac mau hop kim AK6
nghién cau la 515°C véi thoi gian xir ly hoa tan (gitr
nhiét trude khi toi) 1a 40 phut, sau d6 téi trong nudc.
T6 chuc caa hop kim AK6 sau toi 1a dung dich rin
qua bao hoa vai d6 cling trung binh dat 82HV5.
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Hinh 3. P$ cing () va d¢ dén dién (b) ciia hep kim
nhém AK6 sau sau héa gia nhan tao

Cac mau sau toi duoc hoa gia lién tuc & cac nhiét
d6 khac nhau 150°C, 165°C va 195°C. Su phu thuoc
cua do cimg HVS, do dan dién cua cac hop kim vao
thoi gian hoa gia dugc cho trong Hinh 3. Dya vao cac
gian dd c6 thé thdy, ngay sau khi toi, & trang thai quéa
bdo hoa cac nguyén té hop kim, do cing va do dan
dién cua mau hop kim AK6 dat gia tri thip. Tang thoi
gian hoa gia, do cing ting dan va d¢ dan dién ting
dan do dung dich rin qua bao hoa tiét ra cac pha hoa
bén phan tan trén nén dung dich rin Al. B9 cting cua
hop kim AK6 tang 1én va dat gié tri cuc dai, sau do
giam xuéng. O nhiét do hoa gia 150°C, d6 cung dat
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cuc dai 138HVS5 sau 11h hoa gia. Tang nhiét ¢6 hoa
gia lén 165°C va 195°C, do cimg dat cuc dai 134HV5
va 122HV5 sau 9h va 7h héa gia tuong ung. RS rang
tang nhiét d6 hoa gia, cuc dai do cing dat s6m hon
nhung gia tri cyc dai lai nhé hon (Hinh 3a).

Trong khi d6, do dan dién ctua hop kim lién quan
chat ch& dén d6 tinh khiét cua nén dung dich rin. Gia
tri 6 dan dién tang dan trong qua trinh hoa gia do qué
trinh tiét pha tir dung dich ran. Theo gian d6 Hinh 3b,
& trang thai qua bao hoa ngay sau t6i, d6 dan dién cia
hop kim AK6 dat 34,6% IACS. Tang thoi gian hoa gia,
d6 dan dién cua hop kim ting dan do dung dich rin
lién tuc tiét ra cac pha hoa bén [13-16]. Khi nhiét do
hoéa gia tang 1én, 6 dan dién van tiép tuc ting boi qua
trinh tiét pha xay ra nhanh hon. Tuy nhién, dé van duy
tri co tinh cao, 46 dan dién van du cao, nhiét do hda
gia hop kim AK6 duoc lya chon la 165°C, véi thoi
gian hoa gia twong ddi ngén.

Két qua thir kéo xac dinh co tinh cua hop kim
nhom AKG6 sau héa gia nhan tao ¢ 165°C véi cac thoi
gian gitr nhiét khac nhau dwgc cho trén Hinh 4. Gidi
han bén cua hop kim ting dan tir 305MPa ¢ trang thai
méi o1 dén gié tri cuc dai 414MPa sau 9h hoa gia. Do
gidn dai twong d6i giam dan tir 24% ¢ trang thai qué
bao hoa sau toi va dat 16% sau 9h hda gia, ung véi do
dan dién dat 37,5%IACS. Néu tiép tuc giir thoi gian
hoa gia sau 9h, mic du d6 dan dién van tiép tuc ting,
xong do bén bat dau giam xudng va do gidn dai tiép
tuc giam manh.
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Hinh 4. Sw thay déi tinh chét ciia hep kim nhém
AKB6 sau héa gia nhan tgo ¢ 165°C

T4 chirc té vi cua hop kim AK6 sau toi & nhiét o
515°C va hoa gia & 165°C duoc cho trén Hinh 5. T6
chuc té vi ciia hop kim van con bi kéo dai theo phuong
ép chay va c6 xu hudng két tinh lai khi thoi gian hoa
gia vuot quéa 20h. So sanh véi cac anh to chuc té vi
trong cac cong trinh [4-6], trén t6 chuc cua hop kim
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Hinh 5. Té chikc té vi ciia cac médu hep kim AK6 sau toi ¢ 515°C va héa gia nhan tgo ¢ 165°C vgi theéi gian hoa gia
5h (a); 9h (b); 20h (c)

ton tai cac pha tiét ra dudi dang cac lién kim loai
CuAl, va Mg,Si. Pay 1a cic pha hoa bén lam ting do
bén va do dan dién cho hop kim AKS.

4. Két luan

Tur cac két qua thuc nghiém co thé thay, cong
nghé nhiét luyén sau gia cong bién dang cé anh
huéng rat 16n dén tinh chét cia hop kim nhom AKS.
Sau toi ¢ nhiét d6 515°C va hda gia & vung nhiét do
(150-195)°C, néu nhiét d6 hoa gia tang 1én, cyc dai
d6 cung dat sém nhung gia tri d6 cung giam di, con
do dan dién van tiép tuc ting lén. Tuy nhién, néu
chon nhiét d6 hoa gia thap, thoi gian hoa gia s& dai,
con néu chon nhiét do hoa gia cao, do bén cuc dai lai
khong cao. Do vay, lra chon ché do hoa gia ¢ 165°C
1a phu hop. V&i ché @6 toi ¢ nhiét d6 515°C, héa gia
& nhiét @6 165°C trong thoi gian 9h, d6 ciing cua hop
kim AK6 dat 134HV5, gi¢i han bén dat 412MPa, do
dan dai twong ddi dat 16% va do dan dién dat
37,5%IACS. Cac két qua nay 1a co s cho cac nghién
ctru tiép theo ddi véi hop kim nhom AK6 ndi riéng
va hop kim trén co s& hé Al-Cu-Mg-Si-Mn néi
chung, dap ng nhu cau san xuit mang tinh ludng
dung, dac biét 1a trong linh vuc san xuat qudc phong.
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