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Tém tit

Céng nghé can la qud trinh cho vt liéu bién dang
qua cdc truc cdn quay theo chiéu khdc nhau, diéu
nay khéng chi lam thay doi hinh dang vdt liéu ma
con thay déi co tinh cia ching. Do d6, sau khi
cdn phdi tién hanh xir Iy nhiét dé tao ra san pham
cung co tinh theo yéu cau. Bai bdo nay nghién
cteu sw thay doi vé cdc pha va dé ciimg cia vit
liéu trong qud trinh cdn hop kim dong, bén canh
dé dea ra quy trinh xir Iy nhiét phit hop nham khir
ung sudt dw va tao té chirc phu hop cho vt liéu.
Tl‘l: khéa: Hop kim dong, cong nghé cdn, chuyén
bién pha, co nhiét luyén.

Abstract

Rolling technology is a metal forming in which
material is passed through the pairs of rollers
rotating in different directions. This process is not
only changes the shape of the material but also
Therefore,
after rolling, heat treatment is carried out to

changes its mechanical properties.

improve mechanical properties of material. This
article studies the changes in phases and hardness
of materials during the rolling process of copper
alloys, in addition to providing a suitable heat
treatment process to reduce residual stresses and
suitable mechanical properties for the material.

Keywords: Copper alloy, Rolling technology,

Phase transformation, thermo-mechanical
treatment.

1. Mé dau

Ong dong dugc sir dung rong rii trén thi truong
duéi dang tiéu chudn & tit ca cac loai v6i kich
thude dudong kinh 6ng va chidu day thanh khac
nhau. Cac tng dung dién hinh cia 6ng ddng bao
gdm dng cung cép nuéc lanh va nudc néng tur
duong nuée chinh dén voi hodc bd ndi hoi [1],
duong van chuyén chéat long lam lanh trong hé
thong suoi, thong gié va diéu hoa khong khi

(HVAC) [2] hodc cac dng dan dau, khi trén tau,...
Mot trong nhitng uu diém cia dng dong 14 kha ning
bién dang va chéng an mon tbt trong diéu kién lam
viée, bén canh d6 né c6 tac dung chéng vi khuén
(st dung hiéu ung dong luc hoc) [3].

Qua trinh san xuit ong ddng khong han c6 lich
sit phat trién gan 100 nim dwoc thuc hién bing
phuong phap duc - can lién tuc két hop véi kéo dng
dé tao ra cac loai c6 kich thuéc khac nhau. Dé nang
cao d6 bén va kha nang lam viéc ctia 6ng trong cac
moi truong khac nhau thi can hiéu 16 vé co ché bién
dang, sy thay dbi t6 chirc trong qué trinh cén sau
dtc va bién phdp xr ly nhiét sau can. Somayeh
Khani [4] da nghién ctru sy thay ddi céu tric vi md
va nano anh huong dén ung suit du va hudéng hat
clia cac dng dong sau khi kéo bang ba phuong phap
synchrotron, nhiéu xa neutron va nhiéu xa tan xa
nguoc electron & cac vi tri ¢ d6 day thanh 1én nhét
va nho nhat. Foadian va cong su [5] tap trung vao
su hinh thanh hudng thay d6i cua cac hat t6i sy thay
d6i ung suat du trong vat liéu. Cac nghién ctru khac
lién quan t6i sy thay di to chirc, sy hinh thanh cac
pha sau khi can va xur ly nhiét ciing dugc dua ra
trong tai liéu [6, 7, 8, 9]. Pbi véi hop kim
Cu-3Ti-2Mg, td chue thu duoc sau khi dic gém nén
B’-CudTi, Cu2Mg va Cu. Sau khi can ngudi, cac hat
tré nén dai hon va thu duoc cdu tric vi mé dong
nhat hon. Sau khi héa gia, mot lugng 16n p’-Cu4Ti
két taa trén cac hat thon dai hodc nén déng va khi
ting thoi gian, P’-CudTi dan chuyén héa thanh
B’-Cu3Ti, gitip lam ting do clng, d6 bén kéo va do
din dién cua vat lidu [9]. Trong nghién ctru cua
Xiang-Peng Xiao va cong su trén hgp kim
Cu-2.1Ni-0.58i-0.2Zr cho thay sy thay d6i do bén
kéo va d6 dan dién (dat cuc dai 665MPa va 47%
IACS). V&i muc dich nghién ctu sy thay ddi to
chtrc va co tinh cua hop kim ddng-niken trong quy
trinh san xuét dng ddng khong han, bai bao s& phan
tich quy trinh san xuat dng va quy trinh xir 1y nhiét
nham muc dich nang cao d¢ bén va kha ning lam
viéc trong cic g dung éng dan dau, khi trén tau.
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2. Quy trinh san xuét 6ng dong khong han

Phuong phap can néng dugc st dung rong rai dé
ché tao cac 6ng dong khong han. Vi hon mot trim
phat trién, cong nghé can ngay cang hoan thién va
cho chét lugng tot hon. Quy trinh san xuit éng duoc
néu trong Hinh 1.

Néu chay nguyén lisu —» X ly déng trong 1o
Cat phai [— Tao phéi duc
Gia nhigt > Cén tgo 18
Kiém tra ] Xar 1y nhiét
A
San phém

Hinh 1. So dé sin xudt éng dong khéng han

Dé san xuit 6ng dong thong thuong, nguyén liu
tho thudng tir cac loai dong tai ché chét luong cao da
qua xtr Iy, con ddi véi cac san pham yéu cau cao thi
nguyén li¢u dau vao can duogc lva chon can than hon.
Pong thd duge dwa vao 10 nung va ndu nong chay &
nhiét do khoang 1300°C (nhiét d0 ndéng chay cuia
ddng 1a 1083°C). Trong qua trinh nay, tién hanh loai

Hinh 2. Niu chéiy nguyén li¢u thé

Hinh 4. Qua trinh can
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bo cac oxit tap chét ndi 1én bé mat dudi dang xi hodc
khir oxi trong dong 1ong bang cach bd sung phdt pho
trudce khi tao phoi (Hinh 2).

DPdng noéng chay s& dwoc db vao khuén lam mat
bing nudc, sau d6 dong két tinh s& dugc kéo theo
hudng nhét dinh dé tao khoang tréng d6 dong long
tiép theo, qua trinh tiép tuc nhu vy cho dén khi thu
dugc chiéu dai phoi mong mudn (Hinh 3).

Phoi duc s& dugc gia nhiét trude khi di vao tao 10
va can 6ng (Hinh 4). Sau khi can, cic 6ng co thé
dugc nam phing hodc kéo qua cac khuon tiép theo
dé tao ra duong kinh ngoai va chiéu day thanh theo
yéu cau (Hinh 5).

3. Quy trinh xir ly nhiét sau cin

Céac mAu dong c6 thanh phan nhu Bang 1 duoc chia
thanh ba nhom dé so sanh su thay doi to chirc qua cac
giai doan san xuit khac nhau: Nhom (1) dugc giit &
trang thai sau khi dtic dé xéc dinh t6 chirc va tinh chat
ctia vat liéu. Nhom (2) 1a cac mau sau khi can va nhom
(3) 14 cac mau sau khi xir Iy nhiét. Cac mau nhém (3)
sau can dugc nung ¢ nhiét d6 350°C trong 1, 2 va 3 gio
va tién hanh lam ngudi ciing 16. Sau khi tién hanh tim
thuc sir dung dung dich FeCl; + HCl + H,O, cic mau
duoc chup anh t6 chirc trén kinh hién vi quang hoc
Axiovert - 100A, phan tich nhidu xa Ronghen D500 va
FESEM $4800.

Hinh 5. Sin phim

SO 76 (11-2023)



TAP CHi ISSN: 1859-316X
Pty >
KHOA HOC CONG NGHE HANG HAI

KHOA HOC - CONG NGHE

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

4. Anh hwéng cia quy trinh t6i sy thay ddi t6
chirc va co tinh ciia 6ng dong khéng han

4.1. Té chire va co tinh sau khi diic

Trong qué trinh duac, kim loai dugc nung néng t6i
trang thai 16ng hoan toan, sau dé dugc d6 vao khuén
duc dé két tinh tao ra phoi dic. Theo gian do pha
trong Hinh 6, to chirc thu duge sau khi diic gdm ¢
pha o + v, (pha téi) va pha a (pha sing). Ngoai ra,
trén nén pha a c6 cac dém mau den 1a cac pha giau
sit Fe(8).
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Phan trim nhém
Hinh 6. Gidn do pha ciia hop kim dong
Bing 1. Thanh phén héa hoc

Hop kim Cu-Al-Fe
Al 9,21%
Fe 3,91%
Ni 0,14%
Cu Con lai

Nhan théy, kich thudc cac pha o ddng déu va
chiém ham luong 16n nhit trong t6 chirc thu dugc
(khoang 80% dién tich). Pha Fe(d) kich thudc nhd
nam phan tan déu trén nén pha o. Theo két qua phan
tich, ti phan pha Fe(3) dat khoang 2,2% (Hinh 8).
Do clmg cia mau dat khoang 87HRB.

4.2. Té chire va co tinh sau khi cdn

Trong quy trinh cén tao Ong, phdi diic chiu tac
dung cua lyc can lam vét liéu bi bién dang va tao
hinh theo kich thudc cua 15 hinh. Didu nay da lam
thay ddi manh hinh thai cac pha trong vat li€u. Hinh
9 biéu dién t6 chic té vi sau khi can & d6 phong dai
100 1an va 1000 lan. Hinh thai hat o duoc kéo dai

Hinh 7. Té chive ciia hop kim sau diic

Hinh 8. Ti phén pha lién kim

a. x100

b. x1000

Hinh 9. Té chire t8 vi ciia t6 chive sau khi cin

SO 76 (11-2023)



TAP CHi ISSN: 1859-316X

KHOA HOC - CONG NGHE KHOA HOC CONG NGHE HANG HAI

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Mausé 4 =

-
[®] - Iron, syn - Fe 1w [m]- copper, syn - Cu

sl [®] - Copper, syn - Cu [®] Aluminum Copper - AiCu3
E - Aluminum Copper - Cu9Al4 o |E| Iron, syn - Fe

B % s/AIminUN o A1k - [&] Aluminum Iron - AlFe3

Aluminum Copper - AICu3

Hinh 10. XRD sau duc Hinh 11. XRD sau cdn va xuw ly nhiét

tré vé dang déu truc véi kich thude nho min va phan
tan déu hon, do do6 giam d¢ cung cua vat li¢u. Do
ctmg ciia mau dat khoang 99HRB.

Hinh 12. Té chikc té vi sau khi ii 6 350 trong 2 gio:

theo phuong cua luc kéo. Khi nhin & mtic phong dai
cao, cac tim den & nén o + y, dugc phan tin min hon.
Diéu nay duoc giai thich 1a sau khi can, pha p cham
phan huy thanh phan tng cung tich gdm pha o déo
va + v, gion, do d6 lam giam tinh déo tang manh do
bén khi t6 chirc nay chiém ti phan nho, nhung s& lam
tang tinh gion khi chiing chiém mot ham luong 16n.
Ngoai ra, cic pha giau sat Fe(8) khong nhin thiy khi
phong dai 1000 lan do kich thudc qua nho.

Dé phan tich & hon cic pha dugc hinh thanh,
Hinh 10, 11 dwa ra két qua XRD sau khi duc va sau
khi can. Nhén the‘iy, ngoai pha a va y nhu theo gidn b. 2 gio
d6 pha thi cac pha giau sit 1a cic pha lién kim Fes;Al
va FeAl. Gia tri do cing cia mau sau can dat
110HRB, didu nay hoan toan phu hop véi sy hinh
thanh t6 chirc nhu da phan tich & trén.

4.3. Té chikc va co tinh sau khi nhigt luyén

Quy trinh nhiét luyén sau can dugc thuc hién
bang cach nung mau t6i nhiét d6 350°C trong 1, 2 va
3 gio nham khir tmg sudt du phat sinh, tao ra to chic
pha c6 tinh déng nhit va tao to chirc phu hop. T

chirc té vi ctia mau dugc biéu dién trong Hinh 12. c. 3 gio
So sanh véi t6 chirc thu duge sau can & Hinh 9b, Hinh 13. Té chikc ciia méu khi ii 350°C
cac pha a khong con dang kéo dai va cé xu hudng trong thoi gian giw nhiét khdc nhau
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Ngoai ra, khi thay doi thoi gian giit nhiét thi ti
phan céc pha ciing thay d6i. Him lugng pha o ting
khi tang thoi gian giit nhiét (Hinh 13).

5. Két luan

Nghién ciru da chi ra sy thay doi to chirc té vi ciia
méu dong trong quy trinh san xuit ng dong khong
han. T4 chire thu duge ciia hop kim sau dic 13 o+ vz,
pha a va céac pha lién kim. Trong qué trinh can lam
thay d6i hinh thai cic pha hinh thanh sau khi duc,
ddng thoi 1am tang d¢ cimg ctia mau. Quy trinh 1 sau
khi can giup giam ung sudt du, giam do cimg cho vt
liéu. Bén canh do, thoi gian u cling anh hudng téi t6
chirc ctia mau sau khi can.
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