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Tém tit

Bai bdo da sw dung phwong phap quy hoach thuc
nghiém dé tim ra ché d t6i wu héa trong quy
trinh héa gia nham ndng cao dg cieng bé mdt ciia
hop kim dong CuAl9Fe4 va CuAl9Fe4Ni2. Trong
thiét ké thi nghiém thwc nghiém, muoi hai méu
sau khi toi dwoc hoa gia o cac nhiét do 250°C,
350°C, 450°C va 550°C trong khodng thoi gian tir
1-3 gio, sau do tién hanh thong ké soé liéu vé do
cing ciia vt liéu. Két qua thu diege tir nghién ciru
duwge thé hién théng qua ham biéu dién dg cimg
phu thudc vao nhiét do va thoi gian cho hai nhom
mau khac nhau. Do cung 16i uu dat duwoc cho hop
kim CuAdl9Fe4 la 92,2HRB khi thyc hién hoa gia
tai nhiét dp 354°C trong thoi gian 2,21 gio va hop
kim CuAl9Fe4Ni2 la 382°C trong khoang 2,03
gio. Két qua hoan toan phit hop véi thiee nghiém
va phan tich anh té chike té vi thu dwoc.

Tw khoa: Quy hoach thuc nghiém, Ham d¢ cgiﬂng
phu thuéc nhiét do va thoi gian, hop kim dong,
hoa gia.

Abstract

The experimental planning method was used to find
the optimal parameters in the aging process to
improve the surface hardness of CuAl9Fe4 and
CuAl9Fe4Ni2 copper alloys. In the experimental
design, twelve samples after hardening were aged
at temperatures of 250°C, 350°C, 450°C and 550°C
for 1 to 3 hours, and statistical data on the
hardness values of these samples were collected.
The results obtained from the study were expressed
through the hardness function depending on
temperature and time for two different groups of
samples. The optimal hardness achieved for
CuAl9Fe4 alloy is 92.2 HRB when aging at 354°C
for 2.21 hours and CuAl9Fe4Ni2 alloy aging at
382°C for about 2.03 hours. The results are
completely consistent with the experiments and the

analysis of the obtained microstructures.

Keywords: Experimental planning, The function
Hardness depends on temperature and time,
copper alloys, aging.

1. Mé dau

Vao giita nhitng nam 1800, hop kim dong nhom
ra doi dua trén co so dong voi nguyén té hop kim
chinh 14 nhom chiém khoang 4%-14%. Ngoai ra, hop
kim con chira mot lwong nhé cac nguyén té khac nhu
Ni, Mn, Si, Fe dé dap g cac yéu clu da dang vé do
bén, do déo, do cliing, tinh chéng an mon, tinh chéng
mai mon khi két hop véi quy trinh gia cong va xir 1y
nhiét. Trong cac san pham dugc lam tir hop kim
ddng, gia tri do clg c6 vai trd quan trong trong viéc
tang kha niang chiu mai mon bé mat dudi tac dong
cua lyc ma sat hoac dudi tac dong ciia méi truong.
Bén canh do, gia tri do cling con duoc st dung dé
tinh so bd gia tri do bén cua vt liéu [1]. Cahoon va
cong sy [2, 3] da dé xuét cong thire woc tinh gidi han
bén va giéi han chay sir dung phép do do clg don
gian cho ddng, nhom va thép dudi dang nhu sau:

(3]
(5]

Trong d6: UTS: Gidi han bén, ¥S: Gi6i han chay,
H: Dj cung, n: HE s6 bién dang d¢ cung cuia vat liéu.

Dé tang cudong d6 cimg cua hop kim ddng cb
rat nhidu phuong phap khac nhau, trong dé xt ly
nhiét 1a mot trong cac bi€n phap mang lai hi€u qua
cao. Tuy nhién, néu khong kiém soat tt dugc nhiét
do, thoi gian va moi truong ngudi thi co thé anh
hudng tdi co tinh va giam d¢ cung cia vat liéu [4].
Khac véi thép, nhiét ¢ ram cho hop kim déng thanh
nhém cao hon nhiét dé chuyén bién thong thuong va
thuong roi vao khoang 565°C-675°C trong 2 gid, sau
d6 nguodi nhanh dé tranh xay ra phan héa pha g
mactenxit (1 pha con ton tai sau khi ram) dé hinh
thanh nén cac pha gion (a+ y;) va diéu nay lam giam
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Bing 1. Bing thanh phdn héa hoc ciia vit ligu

Vit liéu Al Mn Fe Ni Sn Zn Pb Si Cu
CuAl9Fe4 9.2 0.1 39 | 0.145 | 0.278 0.961 0.217 | 0.208 Con lai
CuAl9Fe4Ni2 939 | 0.16 | 497 | 245 0.03 0.10 0.08 0.06 Con lai

Bing 2. Gid tri ciia cdc théng so dau vao kiém sodt

Théng so dau vao

Don vi

Gia tri lya chon

Nhiét do

250, 350, 450, 550

Thoi gian gilt nhiét

Phut

1 gio, 2 gio, 3 gio

d6 déo, d6 gian dai cua vat ligu, déng thoi giam gidi
han bén, d6 dai va dap ciing nhu kha ning chdng an
mon cua vat liéu [5]. Trong nghién clru cia Yuting
Lv va cong su [6], khi 4p dung quy trinh xtr 1y nhiét
& 675°C cho hop kim dong nhém hop kim thém hoa
thém niken va sat, sau d6 o trong hai gid s& lam giam
d6 cing cua vat liéu. Tuy nhién, néu kéo dai thoi
gian 1 1én bdn gio thi do clng gitta cac pha ddng déu
nhau. Bé tang gia tri d6 cing, mot ) nghién ciru da
ap dung ca bién phap xtr 1y nhiét két hop véi hop
kim hoa thém cac nguyén t6. Theo W.S. Li, khi cho
thém Fe, Mn, Ni két hop xur Iy nhiét s& lam tang pha
K v6i do cimg cia hop kim dong nhém 1én téi trén
700HV, ting hon 3 1an so v&i pha « - dung dich rin
giau dong va gip hai 1an so véi pha S - dung dich ran
CusAl [7]. Tir cac két qua thu dugc cho thay, trong
quy trinh xr 1y nhiét, nhiét d¢ va thoi gian c6 vai tro
quan trong toi d6 clg sau cung cua san pham. Tuy
nhién, rat it c6 cac nghién ctru dua ra duoc moéi lién
hé mé hinh toan hoc giita cac thong sé nay.

Muc tiéu ciia nghién ciru nay la xdy dung ham sé
biéu dién do cung phu thugc vao nhiét do va thoi
gian trong quy trinh héa gia ciia hop kim ddng nhom
dua trén két qua quy hoach thyc nghiém.

2. Thiét ké thi nghiém

Dbi twong nghién ctru 14 hai nhém hop kim dong
gdm CuAl9Fe4 va CuAl9Fe4Ni2. Thanh phan hoa
hoc cua cac mau duoc cho trong Bang 1. Trong sb
lidu dau vao, hai thong sé duoc lwa chon dé thay dbi
1a nhiét d6 hoa gia va thoi gian hoa gia cho cic mau
sau khi t6i. Thong s6 ddu ra 1a gia tri do clmg cta bé
mit ciia mau thir. Gia tri cac bién kiém soat dau vao
duogc cho trong Bang 2.

Phuong phép bé mit dap tmg (RSM) va phan
mém design expert dugc st dung dé tinh toan sd
lugng mau thir trong quy hoach thuc nghiém. Ky
hiéu m3 mAu thir va thong sé duge dua ra trong Bang
3. Téng cong c6 24 mau duge thuc hién véi dai nhiét
d6 bién ddi tir 250°C-550°C va thoi gian gitr nhiét tir

1 gio dén 3 gio, trong d6 12 mau danh cho hop kim
CuAl9Fe4 va 12 mau cho hop kim CuAl9Fe4Ni2. So
dd nhiét luyén duoc biéu dién trong Hinh 1.

T(¢)

2h
850°C |
Quy
trinh
toi
t=1h, 2h, 3h
T.°C ) z 5 :
S z
g A
v + O

Hinh 1. So dé quy trinh nhiét luyén

bé téng hop dir liéu vé su thay ddi do clrng sau
khi ap dung cac diéu kién xir 1y nhiét khac nhau, cac
mau dugc lam sach va do do cung tai it nhét ba diém
khac nhau trén mau thir dang try duong kinh 20mm,
cao 15mm (Hinh 2). Sau d6 tinh gia tri trung binh va
loai bd cac gia tri co sai s6 16n.

Hinh 2. Po dj citng méu thiv

Nghién ciru da tién hanh chup anh t6 chirc té vi
quang hoc dé 1am co so giai thich sy thay ddi do
cing cia cidc mau. Dung dich tdm thuc la 25g
FeCl;+25ml HC1+100ml H>O. Chup anh tai cac vi tri
v6i mic d6 phong dai khac nhau dé xac dinh cac to
chuc pha hinh thanh.
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3. Két qua va ham d9 cirng
3.1. Ham sé biéu dién sw phu thujc ciia dé
cleng vao nhigt dp va thoi gian doi voi
CuAl9Fe4

Gia tri d6 cimg cliia mau sau toi va 12 mau sau
khi hoa gia ¢ nhiét d va thoi gian khac nhau dugc
thu thap trong Bang 3. Tinh gia tri trung binh cua cac
lan do va lay sau dau phay hai chir s6. Theo két qua
thuc té cho théy, dd cung cua mau sau toi dat
86,17HRB. Néu 4p dung hoa gia sau t6i & nhiét do
thap 250°C thi d9 cing ciia mau giam nhe. Khi ting
nhiét d6 hoa gia 1én 350°C, d6 cliing tang dan va dat
gi4 tri cao nhit & 350°C trong 2 gid. Tiép tuc ting
nhiét dg, 6 ciing s€ giam dan.

Bing 3. Bing thong ké gid tri d cirng tai cdc vi tri
do khdc nhau ciia miu CuAl9Fe4

Do cirng
HRB [lin do 1]lin do 2{lin do 3| P$ cirng TB

Bandau | 85 88 85.5 86.17
250°C - 1h| 81 825 | 815 81.67
250°C -2h| 84 84 86 84.67
250°C -3h| 86 87 88 87.00
300°C - 1h| 87 86 87 86.67
300°C-2h| 89 | 885 | 88 88.50
300°C -3h| 91 89 89 89.67
350°C - 1h| 91 89 90 90.00
350°C-2h| 100 | 100 99 99.67
350°C-3h| 98 99 | 995 98.83
400°C - 1h| 97 97 98 97.33
400°C -2h| 95 95 94 94.67
400°C - 3h| 91 92 90 91.00
450°C - 1h| 85 86 | 875 86.17
450°C -2h| 90 90 91 90.33
450°C - 3h| 85.5 82 | 835 83.67
500°C - 1h| 84 85 83 84.00
500°C -2h| 83 82 81 82.00
500°C - 3h| 81 79 80 80.00
550°C - 1h| 80 78 79 79.00
550°C -2h| 82 85 84 83.67
550°C - 3h| 74 73 73 73.33

Ham s6 thé hién mdi quan hé giira d6 cung véi
nhiét d0 va thoi gian nhu sau:

b6 cung = -112.117 + 1.4057A -4.60714 B +
0.0387857 AB  -0.00317476 A% + 3.22143 B?
-0.0149286 AB?
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Hinh 3. Dé thi bién dién gid tri dp cieng ciia hop
kim CuAl9Fe4 theo nhiét d va thoi gian

Khao sat két qua théng ké cho thay:

P léch Std. 3.31 R 0.8414
Trung binh 87.20 R’ didu chinh 0.7560
CV.% 380 R’dwdosn 0.6330

D6 chinh xac Adeq 10.9309

R2 du doan 13 0,6330 phu hop hop 1y véi R? diéu
chinh 1a 0,7560; tirc 1a su khac biét nho hon 0,2. Do
chinh xac Adeq do ty 1¢ tin hiéu trén nhiéu. Ty 1é 1én
hon 4 13 mong mudn. Ty 1¢ 10,931 cta phuong trinh
cho biét tin higu di. M6 hinh nay c6 thé dugc su
dung dé diéu hudéng khong gian thiét ké.

Khéo sat lai ham trén ta thu dugc gia tri d cliing
dat cao nhét khi T=354°C trong thoi gian t=2,21 gio.
Két qua nay hoan toan phu hop véi gia tri thyuc té
nhu phan tich & trén.

3.2. Ham sé biéu dién gid tri dp cieng phu
thudc vao nhiét do va thoi gian ciia hop kim
CuAl9Fe4Ni2

Trong nhom mau nay, Ni dugc thém vao 2%
nham khao sat anh huong ciia Niken t6i do cing cua
vat lieu. Két qua do dwoc théng ké trong Bang 4.
Tinh gia tri trung binh ciia cic lan do ldy sau dau
phéy hai chit sb.

Theo két qua thuc té cho thay, d6 cing ciia miu
c6 chira Ni cao hon, véi gia tri sau toi dat 94,5HRB.
Quy luét thay ddi do cung khi tang nhiét do tuwong tu
nhu ddi véi hop kim CuAl9Fe4. Ban dau, do clng cd
xu hudng ting dan va dat gia tri cao nhat & nhiét do
350°C trong 2 gid, sau d6 d6 ctng giam néu tiép tuc
tang nhiét do va thoi gian hoa gia.

Ham s6 thé hién mdi quan hé gitra d6 cung véi
nhiét @6 va thoi gian nhu sau:

DPo cing = -42.5429 + 0.678952A + 183 B
-0.0295714 AB  -0.000807619 A? -1.71429 B?
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Bing 4. Bing thong ké gid tri d cirng tai cdc vi tri
do khdc nhau ciia mdu CuAl9Fe4Ni2

Do cirng
HRB  [lin do 1|lan do 2|lAn do 3|P cirng TB
Bandau | 94 94.5 95 94.50
250°C-1h| 83 82 82.5 82.50
250°C-2h| 90 93 92 91.67
250°C-3h| 96 98 88 94.00
300°C-1h| 98 99 97 98.00

300°C-2h| 99 102 101 100.67
300°C-3h| 103 104 102 103.00
350°C-1h| 105 106 106.5 105.83
350°C -2h| 106.2 | 107.8 | 108.5 107.50
350°C -3h| 105 104.5 104 104.50
400°C - 1h| 104 105 102 103.67
400°C -2h| 103 104 103 103.33
400°C - 3h| 102 101 100 101.00

450°C - 1h|104 103 102 103.00
450°C-2h| 103 104 105 104.00
450°C-3h| 100 98 98 98.67
500°C - 1h| 97 96 94 95.67
500°C-2h| 95 94 91 93.33
500°C-3h| 90 89 91 90.00
550°C-1h| 86 88 87 87.00
550°C-2h| 84 84.5 85 84.50
550°C-3h| 80 79 78 79.00

Design-Expert® Software
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Hinh 4. Do thi bién dién gid tri dp cirng ciia hop kim
CuAl9Fe4Ni2 theo nhiét do va thoi gian

Khao sat két qua thong ké cho thay:

b6 léch Std. 2.02 R? 0.9553
Trung binh 96.69 R? didu chinh 0.9404
C.V. % 2.09 R*dw doan 0.9002

Po chinh x4c Adeq 26.5065
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R? dy doan 13 0,9002 phut hop hop 1y véi R? didu
chinh 1a 0,9404; tirc 1a sy khac biét nho hon 0,2. Do
chinh xac Adeq do ty 1¢ tin hiéu trén nhiéu. Ty 1& 16n
hon 4 13 mong mudn. Ty 1& 26,507 ctia mo hinh cho
biét tin hiéu du. M6 hinh nay c6 thé duoc sir dung dé
diéu huéng khong gian thiét ké.

Khao sat lai ham trén ta thu dugc gia tri d ciing
dat cao nhat khi T=382°C trong thoi gian t=2,03 gio.
Két qua nay hoan toan phu hop voi gia tri thuc té
nhu phan tich & trén.

3.3. To churc té vi va dp cirng ciia vit li¢u

Spot 1
STT | Nguyén té | % Trong luong | % Nguyén tir
Cu 88.78 79.53
Al 8.28 17.47
Fe 2.94 2.99
Spot 2
STT | Nguyén t5 | % Trong lwgng | % Nguyén tir
Cu 26.93 24.26
Al 0.76 1.62
Fe 72.31 74.12

Hinh 5. Két qud phén tich EDS ciia méu CuAl9Fe4
khi hoa gia ¢ 350°C trong 2 gio

Hinh 5, 6 1 két qua phan tich EDS ciia cac miu
CuAl9Fe4 hoa gia & 350°C va 450°C trong vong 2
gio dé quan sat to chirc hinh thanh va ti phan cac pha
thu dugc. O nhiét do 350°C xuat hién nhiéu pha lién
kim phan tan déu trén bé mat. Pay 1a nguyén nhan
lam ting d6 climg ¢ diéu kién nay. Tuy nhién, khi
tang nhi¢t do 1én 450°C, thanh ph?m Cu, Al, Fe tai
c4c ving mau sang va tdi twong tu nhau, nghia 1a cac
pha da cé su phan huy. Nhu vy, khi hoa gia ¢ nhiét
d6 thap, pha mactenxit s& phan huy thanh cac pha o
va cac pha lién kim c6 kich thudc nhé min phan tan
& trén nén lam gia tri d6 cimg ctia hop kim ting lén.
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Area 1
STT | Nguyén té | % Trong lwong | % Nguyén tir
Cu 88.29 79.78
Al 7.44 15.83
Fe 4.27 4.39
Area 1
STT | Nguyén t5 | % Trong lwgng | % Nguyén tir
1 Cu 85.74 76.96
2 Al 7.88 16.63
3 Fe 6.28 6.41

Hinh 6. Két qud phén tich EDS ciia méu CuAl9Fe4
khi hoa gia 6 450°C trong 2 gio

(a) 350°C

s,

(b) 450°C

Hinh 7. Két qud phén tich EDS ciia miu CuAl9Fe4Ni2
khi hoa gia ¢ 350°C va 45°C trong 2 gio

Tuy nhién, khi tang nhiét d¢ 1én 450°C va 550°C,
ham lugng pha o ting lén, diéu nay lam giam d¢
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cling cliia mau. Xét vé yéu t6 thoi gian, ¢ nhiét do
thap, khi hoa gia trong thoi gian 1 gio, ciu tric cia
pha khong c6 sy thay d6i nhiéu so véi ban dau. Tuy
nhién, khi tdng nhiét d¢ va thoi gian 1én 2 gio, 3 gio,
cac pha mactenxit bt dau bi phan huy va luong phan
huy ngay cang ting 1én, diéu nay lam giam do cing
clia mau thir.

Hinh 7 1a hinh 4nh SEM cia mau
CuAl9Fe4Ni2 hoa gia o 350°C va 450°C trong
vong 2 gio. Kich thudc pha o nhé min va phan tan
déu hon trong nén khi ¢ nhiét d¢ thap. Khi ting
nhiét do, kich thuéc pha ting 1én dang ké sé& tac
dong tai 6 cling cua vat ligu.

4. Két luan

Nghién ctru da tién hanh thiét ké thi nghiém mau
theo phuong phap bé mat dap timg (RSM) va phan
mém design expert v6i thong s6 dau vao 1a nhiét do
va thoi gian hoa gia, dau ra 1a d6 cimg cua mau thir.
Dua theo két qua quy hoach thuc nghiém, nghién
ctru da dua ra ham sb biéu dién su phu thudc cua do
cting vao thoi gian va nhiét d6 hoa gia, tr d6 cho
théy do cling tdi wu dat duge cho hop kim CuAl9Fe4
la 92,2HRB khi thyc hién hoa gia tai nhiét d¢ 354°C
trong thoi gian 2,21 gio va hop kim CuAl9Fe4Ni2 la
382°C trong khoang 2,03 gid. Diéu nay hoan toan
phu hop véi két qua thuc té vé gid tri do cung va
hinh 4nh t6 chirc té vi.
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Nghién ctru nay duogc tai trg boi Truong Dai hoc
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