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o thong qua viéc dieu chinh sy tiét pha trong qua trinh hoa gia hgp kim.
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TU KHOA tiéu biéu trong hé hop kim AI—Zn—Mg-Cu,’du’qc thgc hién & hai nhiét

d6. Nhiét do cap mot cao hon va nhiét d6 cap hai thap hon nhiét 4o hoa
Hop kim Al-Zn-Mg-Cu gia truyén théng T6. Thoi gian hoa gia & cac nhiét o nay duoc thay doi
Hoa bén tiét pha nham ti wu hoa quy trinh hoa gia gian doan nhim dat dugce do bén cao,

tinh bén an mon t6t dong thoi giam thoi gian hoa gia. Két qua thuc
R nghiém cho thdy véi quy trinh hoa gia 180 °C trong 1 gio + 120 °C
An mon 16 , trong 5 gio cho két qua do bén ting 3%, d6 déo ting 15%, tdc do an
An mon rng suat mon giam 2 1an trong khi thoi gian hoa gia giam gan 70% so véi hoa
gia truyén thong T6 dugc thyc hién & 130 °C trong 24 gio.
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1. Gigi thigu

Hoa gia gian doan la cong nghé hoa gia trong d6 budc hoa gia dugc thuc hién & cac nhiét d6
va thoi gian khac nhau va c6 thé dugc thyc hién xen k& véi quy trinh bién dang nham thay doi
tinh chat caa hop kim theo muyc dich str dung [1], [2]. Cong nghé nay di va dang dugc nghién
ctru cho nhiéu hé hop kim nhoém dic biét 1a hé hop kim Al-Zn-Mg-Cu vi tinh tng dung rong rai
cua chung. Cong ngh¢ hoa gia gian doan dugc nghién ctru trén hé hop kim nay rat phong pha
nham muc dich cai thién d6 bén, do Cu:ng, do dai pha huy [3] - [5], cai thi¢n tinh bén an mon [6] -
[8] ctia hop kim so vé6i cong nghé hoa gia truyén théng (T6) thuc hién & mot nhiét do. Cac nghién
clru nay cho théy, de cai thién do bén va d dai ma khong lam giam tinh bén dn mon, cong nghé
hoa gia gian doan can thuc hién kha phuc tap o ba giai doan véi thoi gian dai hon hoa gia T6 rat
nhiéu. Véi cac nghién ciru nham cai thién tinh bén dn mon, d6 bén cua hop kim sau hoa gia
thuong thap hon so v6i hoa gia T6. Trong cac nghién ciru trude ddy, tac gia da thuc hién nghién
ctru hoa gia phan cap cho hé hop kim nay nham cai thién d6 bén [9] va tinh bén an mon [10].
Trong nghién ctru nay, hoa gia gian doan duoc thuc hién trén hgp kim B961-1 (GOST), mot hop
kim tiéu biéu thudc hé hop kim Al-Zn-Mg-Cu, véi muc dich giam thoi gian hoa gia, cai thién co
tinh (d6 bén, d6 déo) va tinh bén an mon ciia hop kim. Hop kim Al-Zn-Mg-Cu 13 hop kim c6 sb
luong pha tiét rat Ion, dé dat duoc d6 bén cao nhat véi hoa gia truyén théng T6 thuong thoi gian
hoa gia khoang 24 gio [11]. Vi vay, muc dich giam thoi gian hoa gia cua nghién ctru ndy nhdm
giam chi phi san xuét va ning cao ning suat cho cong nghé héa gia hop kim Al-Zn-Mg-Cu.
2. Phuong phap nghién ciru

Hop kim B9611-1, duoc nau luyén tai mot nha may trong nudc, V6i thanh phan héa hoc dugc
phan tich trudc khi dwa vao thi nghiém nhu trong bang 1. Trang thai ban dau — trang thai mau
true khi thi nghiém 1a sau duc, u ddng déu, dun ép va can (cac nguyén cong nay dugc thuc hién
tai nha may). i

Bang 1. Thanh phan hoa hoc cua hop kim B96y-1 sur dung trong nghién cuu

%Cu %2Zn %Mg %Zr %Ti %Fe %Al
2,459 8,427 2,644 0,125 0,025 0,145 Con lai

Céc quy trinh héa gia dugc thyc hién trong nghién cttu bao gdm: hoa gia truyén thong T6
(hinh 1a), quy trinh hoa gia gian doan (hinh 1b, 1c).
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Hinh 1. Quy trinh hoa gia

Do bén, do gidn dai twong dbi cua cac miu thi nghiém dugc xac dinh bing phuong phap thir
kéo (M500 — 100AT, Anh). Mau thir kéo dugc ché tao theo tiéu chuan TCVN 197-1:2014 1SO
6892-1:2009. B¢ cuang cua Mau thi nghiém duge xac dinh bang phuong phap do d6 cing Brinel
(HPO-250, Diic).

T6 chirc té vi ciia hop kim dwgc quan sat va chup anh bang kinh hién vi quang hoc (Axiovert
25 CA — Carl Zeiss, Dtic) va hién vi dién tir quét phat xa truong (Nova NanoSEM 450 — FEI, Ha
Lan). Cac anh t6 chirc té vi duoc chup tir mat cit doc theo phuong cén.

Pic tinh an mon ctia hgp kim duoc xac dinh thong qua phuong phap do duong cong phan cuc
(PGSTAT12/30/302, dién cuc so sanh Ag/AgCIl/3MKCI, dung dich 3,5 %k.I NaCl, nhiét d6 25
°C). Ham Tafel duoc sir dung dé tinh toan téc d6 an mon bang phan mém GPES (General
Purpose Electrochemical System software).
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3. Két qua va ban luin
3.1. Téi wu quy trinh hod gia giin doan

Véi muc dich rat ngin thoi gian hoa gia va cai thién co tinh dong thoi dé thyc hién trong san
XUat cong nghiep, hoa gia hai cap duogc lua chon véi nhiét do hoa gia cap mot (180 °C) 16n hon
nhiét d6 hoa gia cap hai (120 °C). Pé t6i wu dugc quy trinh hoa gia nay, thi nghi¢ém dugc tién
hanh v6i cac mau thi nghiém voi thoi gian hoa gia khac nhau (hinh 1), qua do thay duoc vai tro
cua hoa gia cAp mot va cap hai dén sy thay doi co tinh ctia hop kim. Bang 2 1a két qua co tinh cua
cdc mau thi nghiém.

Bang 2. Anh hurong cua thoi gian héa gia dén co tinh cia hop kim nhém B96I]-1

Ché d¢ héa gia Giéi han bén o, MPa  Pp dén dai §,% P cing, HB

130 °C — 24 gio (T6) 688,2 10,6 191
180 °C-1gio+120 °C-4 gid 678,2 10,7 191
180 °C-1 gio+120 °C-5 gior 710,1 12,2 198
180 °C-1 gid+120 °C-9 gid 636,6 75 174
180 °C-1 gio+120 °C-13 gid 604,6 12,3 169
180 °C-2 giv+120 °C-3 gior 669,2 8,3 185
180 °C-2 gio+120 °C-4 gioy 677,5 8,2 191
180 °C-2 gio+120 °C-8 gio 623,5 11,0 174
180 °C-2 gio+120 °C-12 gidy 570,9 14,3 164

Tir két qua thuc nghiém thy rang, quy trinh hoa gia voi cdp mét trong thoi gian mot gio cho
gia tri gioi han bén kéo cao hon so vai hoa gia truyén thong T6, trong khi quy trinh v6i cap mot
trong thoi gian hai gio cho gia tri twong dwong véi gidi han bén kéo cua hoa gia truyén thong.
Véi ca hai quy trinh, d6 bén I6n nhét cua hop kim dat dwoc déu rat soém sau tong thoi gian hoa
gia khoang 6 gio. Nhu vay, thoi gian thyc hién hoa gia déu giam dén gan 70% so véi hoa gia
truyén thong (24 gid) ma d6 bén hop kim vin tuong dwong tham chi dwoc cai thién.

Theo nhiéu nghién ciu, hop kim Al-Zn- Mg -Cu cho d6 bén cao nhét khi t chic té vi cia hop
kim chiém ty phan 16n hdn hop pha n” va n’ (céc trang thai trung gian ctuia pha MgZn,) [5], [12],
[13]. Do d6, viéc lya chon thong sb hoa gia phai dira vao co so nay. Nhiét do hoa gia 180 °C la
nhiét d6 viing hop kim s& tiét pha n’, trong khi nhiét do 120 °C 1a nhiét d6 ving tiét pha n” [14].
Nhom nghién ciu hra chon hai khoang nhiét d6 hoa gia nay nhiam muc dich tao ra t6 chtc pha
tiét tuong tu nhu hoa gia truyén thong trong khoang thoi gian ngan hon. Khi hoa gia ¢ 180 °C,
pha 1’ dugc tiét ra trén nén dung dich rin qua bio hoa sau t6i, viéc diéu chinh thoi gian ¢ cip
hoa gia nay, s& thay dbi kich thude va sé lwong cua pha n’. Viée kéo dai thoi gian & cip hoa gia
nay s& lam qué trinh tho héa xay ra rat nhanh, c6 thé bi qua gia do hinh thanh pha n (pha MgZn,)
va lam giam do bén caa hop kim. Hon nira, viéc kéo dai thoi gian hoa gia s& lam giam do qua bio
hoa cua dung dich rin dan dén viéc hoa gia ¢ cap tht hai s& giam hiéu qua. Viéc thyc hién qua
ngan & nhiét do nay, c6 thé lam kich thude va s6 lwong cua pha n’ chua dat dwoc nhur trong hoa
gia truyén thdng, dan dén, thoi gian hoa gia & cap hai phai kéo dai dé dat duge do bén cao nhat
(khéng dting nhuw muc tiéu datrala giém thoi gian hoa gia). Khi hoa gia ¢ cap thu hai tai 120 °C,
pha n” dugc tiét ra trén nén dung dich rin voi muac d6 qua bao hoa da giam sau hoa gia cap mot,
ddng thoi 1a qué trinh tho hoa cua cac pha da duoc tiét ra & cap mot. Tuy nhién, vi nhiét do cap
hai thip nén qua trinh thé hoa s& xay ra chiam hon so v6i qua trinh nay & cap mot.

Qua trinh tho héa pha tiét chiu anh huong cua nhiét do va thoi gian hoa gia ¢ hai cap dugc thé
hién rat 15 qua anh t6 chuc té vi ciia hop kim sau hai quy trinh hoa ‘gia gian doan (hinh 2). Véi
tong thoi gian hoa gia nhu nhau, kich thudc pha lién kim (hat sang, t6i trén nén dung dich ran cia
nhdm mau sang) trong hop kim sau hoa gia cap mot trong 2 gio ¢6 kich thude Ion hon so véi
trong hop kim sau hoa gia cp mot trong 1 gio, dan dén 1am giam co tinh cua hop kim. Xu huéng
xay ra tuong tu khi kéo dai thoi gian hoa gia cap hai qua thoi gian téi vu. Két qua vé do bén cua
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hop kim cho thay, vai tro anh hudng cia hoa gia cip mot dén do bén caa hop kim manh hon so
VGi cap hai. Véi cling tong thoi gian hoa gia, khi ting thoi gian hoa gia cAp mot thém mét gio, do
bén giam ~33 MPa; trong khi kéo dai thoi gian hoa gia cp hai thém 4 gio, thi ¢ bén giam ~73
MPa. Do vay, véi muc dich rat ngin thoi gian héa gia khi ap dung quy trinh ndy ma khong lam
giam d6 bén cua hop kim so vai hoa gia truyén thong thi thoi gian hoa gia cap thir nhat khong
nén dai hon 2 gid va tong thoi gian hoa gia khong vuot qua 6 gio.
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Hinh 2. 4nh t6 chirc té vi ciia hop kim sau héa gia gidan doan (a) 180 °C-2 gio+120 °C-3 gig, (b) 180 °C-2
gic+120 °C-4 gic, (c) 180 °C-2 gio+120 °C-8 gis, (d) 180 °C-2 gic-+120 °C-12 gic, (¢) 180 °C-1 gic-+120
°C-4 gic, (f) 180 °C-1 gio+120 °C-5 gic, (g) 180 °C-1 gio+120 °C-9 gis, (h) 180 °C-1 gic+120 °C-13 gic

3.2. Té chiic té vi ciia hop kim sau héa gia gidn dogn

Ché d6 hoa gia tdi wu duoc lya chon dé khao sat t chuc té vi va so sanh véi ché do hoa gia
truyén thong. Dé thiy dugc sy thay doi to chac pha cua hop kim sau cac bude hoa gia, anh to
chuc té vi va phan tich pha dinh tinh bang nhiéu xa tia X duoc thyuc hién cho cic mau thi nghiém
& cac trang thai: ban dau, sau toi, sau hoa gia truyén thdng T6 va sau hoa gia gian doan (180 °C-1
gio+120 °C-5 gid). Anh té chutc té vi duge dua ra trén hinh 3 (anh t6 chic té vi cua hop kim &
ché d6 hoa gia gian doan 180 °C-1 gid+120 °C-5 gio duge dé tai hinh 2f) va két qua phan tich
nhiéu xa tia X cta hop kim & bén trang thai dugc trinh bay trén hinh 4.
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Hinh 3. 4nh t6 churc té vi cia hop kim & (a) trang thdi ban dau, (b) sau t6i, (c) sau héa gia truyén thong T6

Két qua phan tich nhiéu xa tia X két hop so sanh anh t6 chuc té vi cua ting ché do cho thiy,
cac pha trong hop kim & trang thai ban dau 1a dung dich ran ciia nhom (o, nén sang), MgZn, (1)
(hat sang, kich thudc nho), Al,MgsZn, (T) (hat sang, kich thudc 16n) va Al,CuMg (S) (hat téi,
kich thugc 16n). Sau t6i & nhiét do 470 °C, cac pha MgZn, dugc hoa tan hoan toan, trong hop kim

con lai hat pha T ¢6 kich thuéc I6n va pha S gan nhu chua duge hoa tan. Didu nay hoan toan phu
hop vai 1y thuyet vi céc pha chira Cu trong hop kim 1a cc pha khé hoa tan hon [15], [16]. Sau
hoa gia, gian dd nhiéu xa cho thdy xuét hién cac pic chinh cia pha MgZn, véi cuong do thap.
Nhu vay t6 chic té vi cua hgp kim sau héa gia gian doan va hoa gia T6 déu da xuat hién pha
MgZn, & trang thai can bang 1.
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Hinh 4. Gidn dé nhiéu xq tia X cia cdc mau hop kim

So sanh t6 chirc té vi va gian dd nhidu xa tia X ciia miu hoa gia gian doan va miu hoa gia
truyén théng T6, thiy su tuong dong vé té chirc té vi va pic nhidu xa. Piéu dé chimng to, voi ché
d6 hoa gia gian doan da thyc hién trong téng thoi gian hoa gia 6 gio, hop kim da dat duoc to chirc
pha tiét trong ddng véi ché do hoa gia truyén thdng thuc hién trong 24 gio. Anh to chuc té vi cua
hop kim trén hién vi quang hoc cho phép danh gia su thay déi to chirc pha trong dai kich thuéc
micromet. Dé quan sat dugc cac pha c6 kich thudc nhé hon, d6 1a cac pha c6 y nghia ting manh
do bén, do déo cho hop kim, t6 chirc té vi cua hop kim duoc quan sat bang kinh hién vi dién tir
quét phat xa truong (Fe-SEM).

Hinh 5. Anh SEM cua hop kim sau (a,b) héa gia truyen thong T6,
(c,d) héa gia gian doan 180 °C-1 gio+120 °C-5 gio

Hinh 5 1a anh SEM t6 chirc té vi ciia hop kim sau hoa gia voi cac do phong dai khac nhau. Vi
s6 lwong pha tiét kich thudc nho vai hop kim nay rat 16n, do do, c¢6 su két tu cua cac pha nho trén
bé mat mau (sau qua trinh tam thyuc hién to chiic pha). Anh SEM véi do phong dai 16n (hinh 5b
va 5d) cho hinh anh cua cac pha tiét nho min (hat sang) trong nén dung dich ran (mau téi), cac
pha tiét & kich thuéc nho nay c6 vai tro quan trong trong viéc tang do bén va do déo cua hop kim
sau hoa gia. Cac hat pha sang nay trong hinh 5d (hoa gia gian doan) c6 kich thudc nhé hon va sé
lwong nhiéu hon so vé&i hinh 5b (hoa gia truyén thong T6). Hoa gia truyén thong T6 dugc thyuc
hién & nhiét 6 hoa gia thap hon nhiét d6 hinh thanh ving GP nén qué trinh tiét pha trong hop
kim s& xay theo tuan tu ving GP, pha 1”, sau d6 dén pha n’, rdi dén n [2], [14]. Cung véi qua
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trinh nay sé& 14 sy hoa tan cac pha kich thudc nho kém 6n dinh va tho hoa cac pha co kich thudc
I6n. Véi hoa gia giém doan duoc thyc hién ¢ hai cap 1a 180 °C va 120 °C voi Mmuc dich tiét pha
MgZn, ¢ trang thai n’ & cap thir nhat, sau d6, pha MgZn, & trang thai n” tiét ra & cap thir hai. Véi
cap mot, thuc hién sau t6i vai d6 qua bao hoa cta dung dich ran con rét cao, do d6, mic du nhiét
d6 hoa gia cao hon nhiét d6 hoa gla truyén thng (130 °C) mam pha n’ ¢ co héi sinh ra nhiéu va
kich thudc pha nho (so voi phan’ ¢ hoa gia truyen théng) [1], [2]. O cip hoa gia thu hai, phan”
tiét ra trong dung dich rin c6 d6 quéa bio hoa thap hon (so VO‘l hoa g1a truyén théng) nhung nhiét
do thuc hle;n hoa gia thap hon, nén kich thugc mam pha n”” van c¢6 thé c6 kich thuéc nho hon (so
v6i phan” ¢ hoa gia truyén thong) [1], [2].

Nhiéu nghién ciru Chung minh [2], [5], [9] [13], [17], cac pha hoa bén chinh cta hop kim la
MgZn, & trang thai lién mang (™) va ban lién mang (n’) véi kich thudc trong hat tir 3-15 nm, tai
bién hat pha MgZn, c¢ kich thudc 1én hon khoang 20-65 nm. Véi cac pha c6 kich thudc nhoé hon
d6 phan giai cua Fe-SEM chua thé danh gid. Tuy nhién, hiéu qua héa bén caa hop kim bang hoa
gia s& duoc danh gia gian tiép qua phuong phap thir co tinh cua hop kim.

3.3. Co tinh cita hop kim sau hoa gia gian doan

Két qua thir co tinh ctia hop kim sau hoa gia dugc trinh bay ¢ bang 2, da thé hién rd nhat hiéu
qua cua hoa gia gian doan so v6i hoa truyén thong. Sau hoa gia gian doan & ché do 180 °C-1
gio+120 °C-5 gid, véi thoi gian hoa gia bang 1/3 so véi hoa gia truyén thdng T6, hop kim c6 gidi
han bén kéo tang 3%, d¢ déo tang 15%. Két qua co tinh nay hoan toan phi hop Véi to chuc té vi
ctia hop kim dugc trinh bay trong phan 3.2. Theo 1y thuyét vé héa bén tiét pha phan tan, khi cac
pha tiét c6 kich thudc cang nhd min thi dd bén va d6 déo cua hop kim dat dwoc cang cao.

Do bén va d6 déo cua hop kim duoc cai thién dong thoi, dong nghia véi viéc chi tiéu vé do
dai cua hop kim ting 1én. Nghién ciru vé hoa gia gian doan trén nhidu hgp kim nhom chirng minh
bang két qua thuc nghiém rang khi d bén va d6 déo ting, do dai pha huy phang cua vat lidu ting
1én [1]. D6 dai pha hay dic trung cho kha ning chdng lai pha hay duéi tac dung cua ngoai luc
khi vat liéu c6 chira sdn vét nit té vi. Véi cac vat liéu co d6 dai pha huy phang I6n, ang suét toi
han dé vét nut té vi phat trién 16n 1én va giy pha hiy sé& l6n. Diéu nay dic biét quan trong véi hé
hop kim Al-Zn-Mg-Cu vi day 1a hop kim da pha, n mon 16 va dn mon bién gidi hat 1a dang an
mon thuong gap vai hé hgp kim nay (khi an mon xay ra, vét nirt té vi s& hinh thanh trong hop
kim). Hai dang dn mon nay s& thuc day an mon tng suat xay ra. Do d6, do dai pha huy cai thién
s& gitip cai thién tinh bén an mon ung suit caa hé hop kim nay.

3.4. Tinh bén dn mon ciia hop kim sau héa gia gidn doan

An mon ng suat 1a mot nhuoc diém caa hé hop kim Al-Zn-Mg-Cu, do d6, thir an mon 1a mot
phan tich khong thé thiéu dé danh gi4 tinh bén in mon trong cic nghién ctru vé hop kim nay.
Hinh 6 1a duong cong phan cuc sau thir zn mon dién hoa ciia hop kim sau hoa gia gian doan ché
d6 180 °C-1 gio+120 °C-5 gid va sau hoa gia truyén théng T6 ¢ 130 °C trong 24 gio. Cac thong
s6 chinh trén do thi dugc thé hién trong bang 3. Két qua cho thay, dién thé an mon cua mau hop
kim sau hoa gia gian doan duong hon so v6i mau hop kim sau héa gia T6. Diéu d6 dan dén dong
an mon va toc do n mon ciia hop kim sau hoa gia gian doan nho hon. Bleu dac biét quan trong,
dién thé an mon 16 cua hop kim sau hoa gia gian doan duong hon so véi mau hop kim ¢ ché do
hoa gia truyén théng T6. Thong sb nay 1a mot tiéu chi dé danh gia vé tinh bén dn mon wng suat
ctia hop kim. Dién thé dn mon 156 cang 4m, hop kim d& bi dn mon 15 va dan dén bi pha hay rat
nhanh trong diéu kién chiu lyc.

Két qua vé cac thong sb thir an mon duogc 1y giai tir sy khac nhau trong té chirc té vi cua hop
kim sau hai ché d6 hoa gia. Gia tri dién thé an mon trong &n mon di¢n hoa phu thude vao lugng
nguyén té hop kim con lai trong pha dung dich ran sau hoa gia (pha chiém ty phan lon trong hop
kim), lwong nguyén t6 hop kim con lai trong dung dich ran cang nhiéu s& lam giam dién thé an
mon cang manh [18]. Cac pha héa bén dwoc tiét ra trong qua trinh hoa gia 1am giam do qua bio
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hoa cta pha dung dich rin. Hop kim sau héa gia gian doan c6 lwong pha hoa bén dugc tiét ra
nhiéu hon so v&i hop kim sau hoa gia T6 (hinh 5). Piéu d6 chiing t6 ndng do cac nguyén té hop
kim con lai trong pha dung dich rin trong mau hoa gia gian doan it hon so véi trong mau hoa gia
T6, dan dén dién thé an mon dwong hon. Két qua nay hoan toan phu hop Véi cac nghién ciru
trudc day [6] - [8], [17].

-0'2 T T T T T T
= 180 °C-1 gio+120 °C-5 gir
0.4 o 130°C-24 giv

-0.6

-0.8 4

Dién thé, [V)

-1.0 4

-1.24

1.4

10® 107 10° 10° 10* 10° 1072
Mait dé dong in mon, [A/cm?]

Hinh 6. Puong cong phéin cuc cia hop kim sau cdc ché dé héa gia

Béng 3. Gid tri di¢n thé an mon (Ey), dién thé an mon 16 (Ep), mdt do dong an mon (J;)
va toc do an mon dién héa (R.) cua hop kim B96y-1 sau héa gia ¢ cdc ché dg khdac nhau

Ché d¢ héa gia E.V E, V J. Alcm® R, mm/nim
180 °C-1 gio+120 °C-5 gio -0,814 -0,749 2,342x10° 2,555%107
130°C-24 gid (T6) -1,165 -0,783 4,505%10° 4,913x10°

Gi4 tri dién thé an mon 16 caa hop kim lién quan tryc tiép dén cac pha lién kim trong hop kim.
Pha hoa bén duoc tiét ra manh sau hoa gia 1a pha MgZn, (pha héa bén chinh) va pha T
(Al,MgsZn;) (pha hoa bén phu). Pay 1a hai pha giau Zn va Mg trong hop kim do d6 s& co dién
thé an mon 4m hon so véi nén va cac pha khac, do do6, trong qué trinh an mon cac pha nay s& bi
an mon trudce (an mon 15) [18]. Kich thude cac pha ndy cang thé thi tdc d6 dn mon 15 cang 16n
[19]. Sau hoa gia truyen thong T6, cac pha tiét nay cé kich thudc tho hon dan dén hop kim sau
hoa gia truyén thong dé bi an mon 16 hon va dién thé dn mon 186 am hon. Nhitng thong sb vé dac
tinh &n mon cho thiy ché do hoa gia gian doan thyc hién hiéu qua trong viéc cai thién tinh bén an
mon déu va dn mon tng suét cho hop kim nay.

4. Két luan

Vi muc dich t6i wu quy trinh héa gia gian doan cho hop kim Al-Zn-Mg-Cu nham giam thoi
gian hoa gia, cai thién co tinh va tinh bén dn mon so véi hoa gia truyén thong T6, nghién ciru di
thuc hién trén hgp kim B961-1 va céac Kkét qua dat dugc nhu sau. Mat 13, dé dat duoc do bén
trong duong va giam thoi gian hoa gia, quy trinh hoa gia gian doan hi€u qua la hoa gia gian doan
hai cap voi nhiét do cAp mot (180 °C) cao hon va nhiét d6 cap hai (120 °C) thap hon nhiét d6 hoa
gia truyén thdng (130 °C) véi thoi gian cdp mot khong qua 2 gid va tong thoi gian khong qua 6
gio. Hai 13, quy trinh thyc nghiém hoa gia gian doan 180 °C-1 gig+120 °C-5 gio da giam duoc
gin 70% thoi gian hoa gia trong khi tang duge 3% d6 bén, 15% do déo, giam 2 1an tdc d6 dn mon
cua hop kim so v6i hoa gia T6 dugc thuc hién ¢ 130 °C trong 24 gid. Ba 13, quy trinh hoa gia
gian doan lam giam dién thé an mon 15 va cai thién do dai caa hop kim, do vy, tinh bén an mon
(g suat caa hop kim co thé dugc ting 1én.

Trong nghién ciru trude ddy ciia nhom tac gid, co tinh va tinh bén dn mon cta hop kim B961-
1 cling dugc cai thién véi quy trinh hoa gia ba cAp, tuy nhién thoi gian hoa gia dai hon so véi hoa
gia truyen thong T6. Ket qua trong nghién ciru ndy cd y nghia thyuc tién trong viéc giam chi phi
san xuat va tang ning suit héa gia cho cac san pham ché tao tir hop kim Al-Zn-Mg-Cu.

http://jst.tnu.edu.vn 310 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 228(10): 304 - 311

TAI LIEU THAM KHAO/ REFERENCES

[1] R.N. Lumley, I. J. Polmear, and A. J. Morton, "Interrupted aging and secondary precipitation in aluminium
alloys," Materials Science and Technology, vol. 19, no. 11, pp. 1483-1490, 2003.

[2] D. Liu, B. Xiong, F. Bian, Z. Li, X. Li, Y. Zhang, F. Wang, and H. Liu, "Quantitative study of precipitates
in an Al-Zn—Mg-Cu alloy aged with various typical tempers," Materials Science and Engineering: A, vol.
588, pp. 1-6, 2013.

[3] A.L.M.Carvalho, L. B. Renaudin, A. J. Zara, and J. P. Martins, "Microstructure analysis of 7050 aluminum alloy
processed by multistage aging treatments," Journal of Alloys and Compounds, vol. 907, 2022, Art. no. 164400.

[4] L. G.Hou, H. Yu, Y.W. Wang, L. You, Z. B. He, C. M. Wu, D. G. Eskin, L. Katgerman, L. Z. Zhuang, and
J. S. Zhang, "Tailoring precipitation/properties and related mechanisms for a high-strength aluminum alloy
plate via low-temperature retrogression and re-aging processes,” Journal of Materials Science &
Technology, vol. 120, pp. 15-35, 2022.

[5] K. Wen, Y. Fan, G. Wang, L. Jin, X. Li, Z. Li, Y. Zhang, and B. Xiong, "Aging behavior and precipitate
characterization of a high Zn-containing Al-Zn-Mg-Cu alloy with various tempers,” Materials & Design,
vol. 101, pp. 16-23, 2016.

[6] D.Jiang, Y. Liu, S. Liang, and W. Xie, "The effects of non-isothermal aging on the strength and corrosion
behavior of AlZnMgCu alloy," Journal of Alloys and Compounds, vol. 681, pp. 57-65, 2016.

[7] B. Ke, L. Ye, Y. Zhang, J. Tang, S. Liu, X. Liu, Y. Dong, and P. Wang, "Enhanced mechanical properties
and corrosion resistance of an Al-Zn-Mg aluminum alloy through variable-rate non-isothermal aging,”
Journal of Alloys and Compounds, vol. 890, 2022, Art. no. 161933.

[8] J. T. Jiang, W. Q. Xiao, L. Yang, W. Z. Shao, S. J. Yuan, and L. Zhen, "Ageing behavior and stress
corrosion cracking resistance of a non-isothermally aged Al-Zn—Mg-Cu alloy," Materials Science and
Engineering: A, vol. 605, pp. 167-175, 2014.

[91 T. T. V. Nguyen, H. T. T. Phung, and T. M. Ngo, "Effect of multistage ageing on microstructures and
properties of an Al-Zn-Mg-Cu alloy," (in Vietnamese), Science and Technology of Metals - Vietham
Foundary and Metallurgy Science and Technology Association, vol. 74, pp. 36-42, 2017.

[10]T. T. V. Nguyen and T. M. Ngo, "Improvement of corrosion resistance for aluminum alloy B95 by two-
stage aging,” (in Vietnamese), Journal of Science and Technology of Metals - Vietham Foundary and
Metallurgy Science and Technology Association, vol. 89, p. 41, 2020.

[11]1B. Zhou, B. Liu, and S. Zhang, "The Advancement of 7XXX Series Aluminum Alloys for Aircraft
Structures: A Review," Metals - Open Access Metallurgy Journal, vol. 11, no. 5, 2021, Art. no. 718.

[12]J. G. Tang, H. Chen, X.M. Zhang, S.D. Liu, W.J. Liu, H. Ouyang, and H. P. Li, "Influence of quench-
induced precipitation on aging behavior of Al-Zn-Mg-Cu alloy," Transactions of Nonferrous Metals Society
of China, vol. 22, no. 6, pp. 1255-1263, 2012.

[13]F. Jiang, H. S. Zurob, G. R. Purdy, and H. Zhang, "Characterizing precipitate evolution of an Al-Zn-Mg—
Cu-based commercial alloy during artificial aging and non-isothermal heat treatments by in situ electrical
resistivity monitoring," Materials Characterization, vol. 117, pp. 47-56, 2016.

[14]L. B. Ber, "Accelerated artificial ageing regimes of commercial aluminium alloys. Il: Al-Cu, Al-Zn-Mg-
(Cu), Al-Mg-Si—(Cu) alloys," Materials Science and Engineering: A, vol. 280, no. 1, pp. 91-96, 2000.

[15]S. T. Lim, I. S. Eun, and S. W. Nam, "Control of equilibrium phases (M,T,S) in the modified aluminum
alloy 7175 for thick forging applications,” Materials Transactions, vol. 44, no. 1, pp. 181-187, 2003.

[16]C. Mondal and A. K. Mukhopadhyay, "On the nature of T(Al,MgsZn;) and S(Al,CuMg) phases present in
as-cast and annealed 7055 aluminum alloy," Materials Science and Engineering: A, vol. 391, no. 1, pp. 367-
376, 2005.

[17TW. Yang, S. Ji, Q. Zhang, and M. Wang, "Investigation of mechanical and corrosion properties of an Al—
Zn-Mg—Cu alloy under various ageing conditions and interface analysis of i’ precipitate," Materials &
Design, vol. 85, pp. 752-761, 2015.

[18] A. A. B. Jegdic, B. Bobic, M. Radosavljevic, and V. Miskovic-Stankovic, "Corrosion testing of an Al-Zn-
Mg-Cu alloy after different heat treatment regimes by the application of electrochemical methods,” in 5th
international scientific conference on defensive technologies, OTEH, Belgrade-Serbia, 2012, pp. 588-593.

[19]D. K. Xu, N. Birbilis, D. Lashansky, P. A. Rometsch, and B. C. Muddle, "Effect of solution treatment on the
corrosion behaviour of aluminium alloy AA7150: Optimisation for corrosion resistance,” Corrosion
Science, vol. 53, no. 1, pp. 217-225, 2011.

http://jst.tnu.edu.vn 311 Email: jst@tnu.edu.vn



