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Tom tit

Bai bao trinh bay nhiing két qua nghién ciu vé
dnh hirong cua nhiét g hod gia dén té chirc va do
cung cua hop kim Al-5Zn-3.5Mg-1.2Cu sau khi
dwoc 1am nhé min hat bang dat hiém Viét Nam
chiza La, Ce. Bang cac két qua phan tich to chic
nhur hién vi quang hoc, XRD va SEM dd xdc dinh
dioC 16 chike va dé cing cua hop kim triréc va sau
hoa gia. Két qud thiz nghiém cho thay hop kim sau
khi duwoc bién tinh véi 0,21% La + 0,16% Ce c&
hat giam tir = 66 um xudng con =~ 48um. Két hop
ché @g xir Iy nhiét mau gom 4 dong deu hod tai
nhiét @3 480°C trong 16 gio+ tdi mdu & 480°C
trong 2 gio, sau do tiép tuc hod gia tai 120°C trong
6 gio. Phan tich t chirc mau sau khi hda gia cho
thdy cé hat 1& = 41,5um, trong khi dé kich thuéc
hat mdu sau ti = 38, 7um. Ngodi ra té chixc sau
hod gia con quan sat dwoc mét so pha lién kim cia
Zn, Mg, Cu nhw n(MgZnz) va pha S(Al,CuMg)
phan bé trong nén a-Al. Sau hda gia, dé cirng pha
o va pha lién kim lan lwot dat gid tri 16n nhat 1a
126 va 150HV.

Tiy kh@a: Hod gia, d¢o cung, co hat, pha lién kim,
dat hiem.

Abstract

The article presents about influence of aging
temperature on the microstructure and hardness
of Al-5Zn-3.5Mg-1.2Cu alloy after modification
by Vietnam's rare-earth, containing elements La,
Ce. By analytical results of structure such as
optical microscopy; XRD and SEM, the
microstructure have identified. After modification
by 0,21%La + 0,16%Ce, the grain size of this
alloy is 48um compare than the non-modification
alloy. The experiment result shows that the heat
treatment process of this alloy was annealing,
quenching and aging, the aging process was
determined at temperature 120°C in 6 hours. After

that, the grains size of modified alloy and aging
treatment was =~ 41,5um meanwhile this value of
the sample after quenching =~ 387 um. In
addition, after aging process the microstructure of
alloy has intermetallic phases of Zn, Mg, Cu
elements such as n(MgZn.) va S(Al,CuMg) phases
distributed in the a-Al matrix. The hardness of a
phase and intermetallic phase are 126 and 150HV.
Keywords: Sging, hardness, grain size,
intermetallic phases, Rare-earth.

1. Mé dau

Hop kim Al-5Zn-3.5Mg-1.2Cu tuong duong mac
7475 (AA), duoc tng dung rét rong réi trong cong
nghiép hang khong, 6 t6, xe may,... l1a nhitng linh vuc
c6 nhiéu chi tiét duoc ché tao tir hop kim nay. Bac biét
1a khi duoc bién tinh két hop véi xir Iy nhiét

Ciing theo nghién ctu cua [1] cho thay khi xu Iy
nhiét & ché do T6 (sau khi hoa gia) thi trong hop kim
hinh thanh nén pha 1 ¢6 ciu trdc nhé min va phan tan
& trong nén.

Cac nguyén t6 hop kim hoa tan vao nhém tao nén
dung dich rén a va tao ra nhiéu pha lién kim. Do vy,
t6 chic té vi hop kim Al-Zn gom céc pha lién kim trén
nén dung dich rin «. Cac pha lién kim chinh thudng
gap trong hgp kim nay la pha n(MgzZny), T
(AlaMgsZns), S (Al:CuMg) va 6 (Al.Cu) dugce dua ra
trong Bang 1. Trong d6, cac pha n (MgZny), T
(Al,MgsZns), S (Al,CuMg) déu 1a cac pha héa bén. Pha
n va T déng vai tro chii yéu con pha S la pha héa bén
phy, s¢ di nhu vay la vi hiéu qua hdéa bén khi hoa gia
do Cu gdy ra trong hgp kim nay nho, Cu véi ham lugng
nho cha yéu hda bén dung dich ran. Khi nung néng dé
t0i, cac pha , T va pha S hoa tan vao dung dich rin o
va khi t6i (Iam ngui nhanh) sé tao thanh dung dich ran
o qua bdo hoa nguyén té hop kim. Khi héa gia nhan tao,
tir dung dich rin a qua bio hoa tiét ra cac phan tir phan
tan voi kich thudc nho min cia cac phan, T va S, gy
ra hi¢u (mg hoa bén cao. Nhur vay, nguyén nhan gay ra

SO DAC BIET (10-2021)



TAP cHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

HOI NGHI KH&CN CO KHi - PONG LIPC 2021

Bdng 1. Céc pha lién kim logi thuwong gdap trong hgp kim Al-Zn [2, 4, 5]

Tén pha Cong thirc
0 Al,Cu
S AlCuMg (Al.CuMg, AlsMg4Cu, AlsMg,Cus, AlsCusMgs...)
T AIMgZn (Al:MgsZns, Al.Zn,Mg, AlsMgiiZni, AIMgaZnis...)
n (hay ky hiéu M) MgZn;

n’ (hay ky hi¢u Z)

MgZn,, MgaZnz, Mg2Znas...

N

Al;CuzFe, AlxsCuFes. ..

E

A|18Mggcr2, Al M ngI‘. ..

d6 bén cao cua hop kim Al-Zn chinh la trong né c6
lwong chtra cua cac nguyén té Zn, Mg va Cu kha cao,
chiing c6 tac dung t6t d&n qué trinh tiét pha khi hoa gia.
Hoa gia nhan tao hop kim Al-Zn thuong thuc hién &
100 +160°C trong thoi gian 10 + 30 (gio).
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Hinh 1. Gidn d@é TTT cia hep kim Al-Zn [3]

Véi hop kim nhdém hé Al-Zn-Mg-Cu, pha trung
gian hoa bén 1a cac pha 1’ va 1. Co tinh tét nhit cua
hop kim sé& dat dugc khi trong hop kim ton tai pha 0’
va 1 nhé min phan tan déu trén nén dung dich ran.
Ving GP, pha 1’ va n dugC tao mam va phat trién &
cac nhiét d¢ khic nhau, do d6 dé téi wu hoa vé tinh
chit (d6 bén, d déo, tinh &n mon, do bén mai,...) thi
qua trinh héa gia (nhiét do, thoi gian) can duoc diéu
chinh, lya chon thich hop. Nhiét d6 cua hé biéu thi
muc d6 dao dong ctia cac nguyén tir xung quanh vi tri
cAn bang. Cang ting nhiét do cac nguyén tur du triv
nang luong cang cao, cang léch ra khoi vi tri can bang
va qua trinh hda gia xay ra cang dé dang hon. Khi thay
d6i nhiét do s& anh hudng dén qua trinh phan héa dung
dich ran qué bdo hoa. Qua trinh phan hda nay s& bj chi
phéi bai hé s6 khuéeh tan va d6 qua bio hoa cua dung

dich rin. Khi tang nhiét do, do quéa bdo hoa giam
nhung hé s khuéch tan ting. Néu giam nhiét do, qua
trinh xay ra theo chiéu nguoc lai nghia 1 hé sé khuéch
tan giam di trong khi d6 qua béo hoa tang. Anh huéng
cuia nhiét do va thoi gian téi tién trinh tiét pha hda bén
khi thuc hién qué trinh hoa gia hgp kim Al-Zn dugc
thé hién r6 hon trén Hinh 1.

Qua gian db nhan thay, qua trinh phan héa xay ra
tai cac muc nhiét do khéc nhau c6 thé xay ra nhu sau:

Khi hoa gia ¢ nhiét do thap, nhiét d6 nho hon
150°C: o qua bao hoa — ving GP — 1’ (va cac pha
S’, T’) — n (va cac pha S, T) — tich tu [10]-[12].

Khi ting nhiét d6 hoa gia (hon 180°C), ¢6 thé bo
qua mot vai giai doan phan hoa trung gian: o qua bao
hoa — 1’ (vacacpha S’, T’) » n(vacacpha S, T) —
tich tu [10].

O nhiét d6 cao hon (16n hon 350°C) qué trinh héa
gia chi xay ra hai giai doan: o qua bdo hoa — n (va
cac pha S, T) — tich tu [3].

Tuy nhién, trong s6 cac cong trinh nghién ciru hién
nay chua thiy c6 phan tich vé anh huéng cua La va
Ce dén t6 chirc va co tinh cua hop kim Al-5Zn-3.5Mg-
1.2Cu dac biét 1a sau khi héa gia. Pay ciing chinh 1a
ndi dung chinh ma bai béo cong bd.

2. Phwong phap nghién ciru
2.1. Co sé ly thuyét chen ché dg nhigt luyén

U ddng déu hoa: Muc dich chinh cua giai doan xu
Iy nhiét nay khir bo to chirc té vi ¢ trang thai dtic ciia
hop kim nghién ciru. D6 vai hop kim Al-Zn-Mg-Cu,
cac nguyén t6 hop kim hoa nhu Cr; Mn va Zr hinh
thanh pha lién kim trong qua trinh ddng nhét héa, diéu
nay c6 anh huong dén giam kich thugc hat va két tinh
lai & nhiét d6 cao. Can cr vao gian do pha, nhiét do u
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ddng déu hoa duoc thuc hién trong khoang 450+
500°C

Toi: Muc dich cua qua trinh toi nhdm tao ra dung
dich rin qué bdo hoa cac nguyén t6 hop kim. Trong
qué trinh nung t6i, cac pha lién kim s& hoa tan vao nén
dung dich rén ctia nhom va tao ra dung dich rén qua
bao hoa sau khi lam ngudi nhanh véi tée d6 ngudi 16n
hon téc do Nnguoi tdi han cta hop kim nhém. Nhiét o
t6i cua hop kim Al-Zn-Mg-Cu noi chung hay hop kim
B95 néi riéng ndm trong khoang 450+490°C [7].

Hoa gia: Hoa gia 1a phuong phap xt ly nhiét hop
kim sau khi t6i khdng c6 chuyén bién tha hinh. Sau
khi t6i, hop kim c6 t chuc 1a dung dich réin qué bao
hoa véi hiéu qua tang bén khong cao, vi vay hop kim
sau t0i phai dugc hoa gia. Hoa gia 1 cip hop kim
nhém hé Al-Zn-Mg-Cu 1a ché d6 hoa gia phd bién,
thuong dugc tién hanh ¢ nhiét ¢ 100+160°C (ché do
hoéa gia truyén thng, ky hiéu T6).

2.2. Cac buéc tién hanh thuc nghigm

Hop kim Al-5Zn-3.5Mg-1.2Cu duoc tién hanh
nau trong 10 trung tan va tién hanh hop kim héa La,

Mau sau duc

b) Mdu M2
Hinh 2. T4 chuc té vi méu sau diic
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Ce. Mau nghién ciru dugc chia thanh 2 nhom: c6
(La+Ce) va khong c6 (La+Ce) véi thanh phan hoé hoc
nhu ¢ Bang 2.

Bdng 2. Thanh phén hep kim

Zn | Mg | Cu Si Fe La Ce Al

Con
M1 | 826 | 2,30 | 1,11 | 0,71 | 0,15 X X i
ai

Con
M2 | 760|190 | 1,05 | 0,61 | 0,19 | 0,21 | 0,16 Lo
ai

Sau qua trinh nau luyén va bién tinh, mau s& duoc
thuc hién mot quy trinh tiép theo 1a xu 1y nhiét bao
gom cac u dong déu hoa, tdi va hda gia véi cac ché do
nhu sau:

U dong d@éu hoa:

Tién hanh u tai 480°C, thoi gian giit nhiét 1a 16
tiéng.

T6i: Sau khi qua trinh ddng déu héa két thic, nang
nhiét do 10 1én 480°C va giir nhiét trong 2 gio, mau
dugc 1am ngudi bang nudc.

b) Mdu M2
Hinh 3. Té chiic té vi mdu sau i déng déu hoé
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b) Mdu M2
Hinh 4. Té chiic té vi m4u sau toi

Hoa gia: Sau qua trinh toi cic mau tiép tuc thuc
hién hoa gia vai ché do nung & 120°C trong 6 gid.

Phan tich t6 chirc té vi cia mau nghién ciru duoc
thuc hién trén thiét bi phan tich FESEM va phan tich
XRD.

1800

0 Al () ; Mg,Al, e ; Al,CuMg ©; Al,Cu 0
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Hinh 6. Phan tich két qud XRD

Dé do do cing té vi (HV) ciia hop kim Al-Zn-Mg-
Cu s¢ str dung may do d6 cing Vicker PHV-1000.
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b) Mdu M2
Hinh 5. Té chukc té vi mdu sau héa gia

3. Két qua va ban luan
3.1. Két qud phan tich té chiic té vi

Phan tich anh SEM mau sau diic: khoang céach
gitra cac nhanh cy cua hop kim sau duc khéng c¢6 La
va Ce la khoang 65um; tuy nhién ddi véi mau khi co
La va Ce thi khoang cach nay giam con tir 40+-50um.
Diéu nay, c6 thé duoc giai thich nho vai trd cia cac
nguyén t6 dat hiém (La+Ce) trong mau lam giam kich
thudc cta cac nhanh cay.

3.1.1. Mau sau u dong deu hoa

Phan tich anh SEM maiu sau dong déu hda:

Dbi véi mau khong co La va Ce do hat 1a khdng
déu c6 hat c6 kich thuée kha 16n (trén 57um). Di véi
mau c6 La va Ce ¢ mirc d6 phong dai thap kich thudc
hat trung binh (khoang 30-40um) va cac hat co kich
thudce tuong ddi déu. Voi do phong dai cao hon, cho
thiy cac hat déu truc va c6 do hat tuong ddi nho.
3.1.2. Két qua phan tich vé té churc té vi sau toi

Quan sat hinh anh té chirc té vi cia mau 1 va mau
2 & trang thai sau toi, t chuc ciia mau nay cé su tuong
ddng vai két qua ma tac gia Mahmoud Chemingui [6]

105



HOI NGHI KH&CN CO’ KHi - DONG LUC 2021

TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Bdng 4. Két qud do d¢ ciing pha HV

Mau khéng c6 La va Ce (HV) Mau c6 La va Ce (HV)
Pha a Pha LK Pha a Pha LK
Sau dtc 42,1 71,6 62,8 94,8
U + t6i + hoa gia) 102 126 148 150
Pj cirng té vi pha o Db cirng té vi pha lién kim
140 126 200
120 102 148150
100 MAu khong c6 La 150 -
80 71.6 va Ce (HV) Pha o 94.8 Mau ¢6 La va Ce
60 421 100 628 (HV) Pha o
40 Mau khong c6 La 50 Mau cé La va Ce
20 va Ce (HV) Pha (HV) Pha LK
0 LK 0
Saudic U +1t6i + hoa Saudic U +t6i + héa
gia) gia)

Hinh 7. Biéu dé phén tich dg ciing pha a

da chi ra. Mau khong chira La, Ce sau trang thai toi,
hat c6 kich kich thudc 16n, hat thd, c& hat 13 ~ 47um,
kich thudc da ting 70% so véi mau & trang théi i dong
déu héa. Mau 2 c6 chtra La, Ce ¢ trang thai sau toi,
hat min hon, déu hon so véi mau 1 khong chira La, Ce.
Kich thuéc hat twong ddng, ¢& hat 1a ~ 33um. Cac pha
mau den khong con ton tai & bién hat nhu mau 6 trang
thai u dong déu hoa (Hinh 4b).

3.1.3. Két qua phan tich vé to chirc té vi sau hod gia

Sau khi qua trinh héa gia tai 120°C trong 6h, c&
hat cia mau khong chia La, Ce 1a 5,48 (ASM) ~
53,7um, kich thuéc hat ting 15% so véi mau & trang
thai t6i. Mau 2 c6 chtra La, Ce ¢ hat la 6,24 (ASM)
~ 41,5um, kich thudc hat ting 7% so voi mau & trang
thai tdi. Mot sé pha mau den c6 hién tuong tap trung
thanh ving doc 1ap trong nén nhom. Cac pha mau den
nay duoc cho la cac pha lién kim cta Zn, Mg, Cu, cu
thé la cac pha n (MgZn,) va pha S (Al,CuMg) duoc
nhan dinh béi Mahmoud Chemingui [6].

3.2. Két qud phan tich d@é cirmg

Phan tich d¢ ciing cua cac pha o va pha lién kim
nhan thay:

Sau khi xt ly nhiét d6 ctng cua c&c pha nay I6n
hon so véi miu sau duc. Piéu nay dugc giai thich 1a
do c6 sy hoa tan cua cac nguyén té hop kim vao trong
mau din dén lam tang gia tri d6 cung cua hop kim
nghién cuu.

Mau c6 La va Ce cho gia tri do cting cao hon so
v6i miu khong c6 La va Ce. Diéu nay dugc giai thich
1a do c6 su hinh thanh céac pha lién kim cta dat hiém

Hinh 8. Biéu dé phén tich dp cirmg pha lién kim

cling nhu sy hoa tan cua dat hiém vao dung dich rin
g6p phan lam ting co tinh ctia hop kim.
4. Két luan

Tur céc két qua phan tich ¢ trén cho thay mau sau
khi dugc hop kim héa bang La+Ce c6 d6 hat nhé hon
so voi mau khong duoc hop kim héa. Sau héa gia,
kich thuéc hat cua hop kim nghién cau la 41,5um so
véi 53,7um caa mau khong co La va Ce.

Gia tri do cing cua pha a mau dugc hop kim hoa
La va Ce cao hon so v&i mau khong duoc hop kim
hoéa. Sau hba gia gié tri d6 cing pha o ctia hop kim ¢
dat hiém 1a 126HV so véi gié tri d6 ciing cua hop kim
khong cé dat hiém 1a 71,6HV. i véi két qua cia pha
lién kim ciing twong tmg 1a 150HV ddi véi mau c6 La;
Ce va 94,8HV véi mau khong co La; Ce.

Bang ky thuat phan tich XRD xac dinh dwoc céc
pha lién kim cua mau sau khi hoa gia. Cac pha mau
den nay duoc cho 1a cic pha lién kim caa Zn, Mg, Cu,
cu thé 1a cac pha 1 (MgZn,) va pha S (Al,CuMg).
TAI LIEU THAM KHAO
[1]A.-M.0.A.A.R.O.K.M.R. A L. A.K.. Isadare

D.A, Effect of As-Cast Cooling on the

Microstructure and Mechanical Properties of

Age-Hardened 7000 Series Aluminium Alloy, Int.

J. Mater. Eng., Vol.2015, No.1, pp.5-9, 2015.

[2] G. E. Totten and D. S. MacKenzie, Handbook of
aluminium - Physical Mettallurly and Process,

SO DAC BIET (10-2021)



TAP cHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Marcel Dekker, Inc. 270 Madison Avenue, New
York, NY 10016, 2003.

[3] J. F. Nie, A. J. Morton, B. C. Muddle, and N.
Saunders, The Modelling of Stable and Metastable
Phase Formation in Multi-Component Al-Alloys,
2004.

[4] N X. M. Li and M. J. Starink, Effect of
compositional variations on characteristics of
coarse intermetallic particles in overaged 7000
aluminium alloys, Mater Sci Technol, Vol.17, pp.
1324-1328, 2001.

SO DAC BIET (10-2021)

HOI NGHI KH&CN CO KHi - PONG LIPC 2021

[5] H. T. Naeem and K. S. Mohammed, Retrogression
and re-aging of aluminum alloys (AA 7075)
containing nickel, Dig J Nanomater Biostructures,
\ol.8, pp.1621-1632, 2013.

[6] M Chemingui, F Benkhenafou, M Khitouni, Effect
of heat treatment on microstructure a commercial
Al-Zn-Mg-Cu alloy, November 29, 2018.
https://doi.org/10.3139/146.111709.

[71 P. A. Rometsch, Y. Zhang, and S. Knigh, Heat
treatment of 7xxx series aluminium alloys - Some

recent developments, Trans Nonferrous Met Soc
China, Vol.24, pp.2003-2017, 2014.

Ngay nhan bai: 26/6/2021
Ngay nhan ban sta: 05/8/2021
Ngay duyét dang: 16/8/2021

107



