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Tom tat

Bai béo trinh bay nhiing két qua nghién cizu vé anh
huong dong thoi Al va Ti két hop véi qué trinh xii
ly nhiét pht hop dén d@én té chirc va co tinh cia
thép dic hop kim thdp. Khi theec hién bién tinh thép
dong thoi bang Al va Ti két hop véi ché d@o xir ly
nhiét nung mau lén 650°C gi# nhiét trong 02 gio
sau dé tiép tuc nung dén 920°C gii nhiét 03 gio
nQugi nhanh trong nwoc; sau do méu dwoc ram &
250°C trong 06 gio cho gia tri o dai va ddp cao
nhat 1a 57,5J/cm? va gia tri dé citng thu duwoc 1a 50
HRC. Cdu trlc t6 chire duoc chi ra 1a té chuc
Bainite két hop Véi austenite duw; gid tri dg hat tot
nhat la dat @6 hat cdp 4.

Tur khéa: Bainite, bién tinh, xiz Iy nhié, d6 hat.
Abstract

Influence of Al and Ti addition combined heat
treatment on microstructure and mechanical
properties of the low alloy casting steels is
presented in this article. In this research, the
samples were modified by Al and Ti then heat
treatment as follows: heated and held at 650°C for
2 hours, then continued heating to 920°C for 3
hours before quenching in water; after that, they
were tempered at 250°C for 06 hours. The results
indicate that the highest values of impact strength
and hardness were 57.5J/cm? and 50 HRC. The
microstructure of the sample was bainite and
residual austenite with grade 4 of the particle size.

Keywords: Bainite, modification, heat treatment,
grain size.

1. Mé dau

Thép hop kim thap c6 nhiéu tng dung trong thyc té
nhu phan nhom AHSS dé ché tao céc chi tiét duoc bién
dang thi con c6 nhém chuyén dung dé ché tao cac chi
tiét 1am viéc trong diéu kién chiu mai mon bén canh d6
can dam bao d6 dai nhat dinh. Nhitng nhém chi tiét cu
thé trong diéu kién lam viéc o trén Ia chi tiét ring cao

tuyét va mot s loai rang gau xuc than, ...

G. Golaéski va cac tac gia khac [1], [2] da trinh bay
nhitng két qua nghién ciu vé anh huéng cua céc hat
cacbit nhu M3C; M2C, M23Cg, MC, M+C3 dén t6 chirc
cua thép dac L21HMF va L17HMF sau khi xir Iy nhiét.
Céc nghién ctru da chi ra su dich chuyén vé ciu tric
cua thép trudc va sau khi nhiét luyén.

Nghién ctu cia Y. A. Farzin va cong su [3] vé anh
huong cua xir ly nhiét dén té chic va co tinh cua thép
song pha ST52 d chi ra co tinh tt nht dat dwoc khi o
& 770°C trong 105 phat va tbi trong nudc. T chuc
nhian dugc la cac hat peclit nhé min, mét luong
austenite du va gia tri gigi han bén dat t6i 1331MPa
véi gia tri do cuang la 316HV30.

Nghién ctu vé su phéan tan cua céc hat cacbit sau
khi xir ly nhiét va lam viéc trong mot thoi gian dai da
duoc chi ra déi véi thép dic hop kim thip Cr-Mo-V
[1]. [2]. [4]. [5].

Nghién ctru cia R. C. Voigt [6] vé& anh huéng cua
qua trinh xtr ly nhiét d&én t6 chirc va co tinh cua thép
hop kim thap Mn va thép HSLA. Bang nhitng phan tich
ciia nhém nghién ctru da xac dinh té chic cua thép sau
khi xu ly nhiét 1a té chirc ferrit-mactenxit ram. Gia tri
d6 dai va do bén cua thép tang 1én khi thuc hién quy
trinh xt ly nhiét hai buac.

Trong cdng nghé ché tao vat liéu thi anh huong cua
Al va Ti dwoc nghién ctu khé nhiéu trong nhimg nim
tré lai day. Viéc dua cac nguyén td nhu Ti vao trong
thép gop phan dang ké trong viéc tao thép co do hat
nho; hon nira Ti S€ tao nén cac cacbit nhu TiC phén tan
bén trong nén s& lam tang kha ning chéng mai mon cho
thép. Ngoai ra, Al c6 tac dung ngén can sy hinh thanh
cac rd khi [7]-[10].

Chuyén pha trong thép néi chung va thép Mn néi
riéng hién dang 1 van dé dugc quan tam boi 18 xac
dinh chinh xéc cac chuyén bién pha trong cac diéu kién
cu thé s& gop phan nang cao kha nang lam viéc va tudi
tho cua thép nghién ciru. Cac chuyén bién pha nay anh
huong rat nhidu boi qua trinh xir Iy nhiét [11]-[15].
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Bdng 1. Thanh phédn nguyén té hep kim chinh

Mau C Mn Si Mo Ni Al Ti
MO 0,255 0,887 1,631 1,676 0,251 0,040 0,053 -
M1 0,282 0,883 1,433 1,602 0,218 0,369 0,211 -
M2 0,249 0,869 1,479 1,579 0,219 0,365 0,192 0,151

Tuy nhién viéc dua Al va Ti vao trong thép dtc
duoc hop kim héa thém cac nguyén té nhu Mn, Cr; Si,
Mo va qué trinh xir Iy nhiét dé tang duoc lai chua thyc
su dugc quan tam.

Trong c6ng trinh nghién cau nay, chdng toi trinh
bay anh huong cua bién tinh Al va Ti ciing nhu anh
huong cua qua trinh ram dén t6 chiic va co tinh ciia
thép dac hop kim thap. Tir do, xac dinh ché do xur ly
nhiét phi hop véi yéu cau dit ra cua chi tiét dwoc lam
trong diéu kién chiu mai mon véi do cting trén bé mat
ctia mau trong khoang 42 - 52HRC va do dai va dap
dat t6i thiéu 32J/cm? & nhiét d6 phong.

2. Phuwong phap nghién ciru

Céc mac thép duoc tién hanh nau trong 10 trung tan
c6 khdi lwgng mé nau trung binh 1a 250kg véi myc dich
dé cac méac thép nghién ctru dam bao tinh dong déu
thanh phan va 6n dinh. Két qua nay duoc tién hanh tai
Cong ty TNHH Théng Loi. Mau nghién ciru duoc lay
trén san pham 1a rang gau xuat khau cua cong ty. Vi tri
ldy mau dugc lay ¢ vi tri ludi rang gdu xtc noi chi tiét
lam viéc trong diéu kién chiu mai mon va dam bao do
dai nhét dinh.

Thanh phan mdi mé ndu dugc tién hanh phan tich
thanh phan trén thiét bi phan tich nguyén t6 ARL-3460
cua hang Fisons Thuy ST cho két qua nhu trong Bang 1.

Mau sau dtic duoc tién hanh xir ly nhiét theo quy
trinh sau: nung thép dén 650°C giir nhiét trong 02 gid
nung tiép dén 920°C giir nhiét trong 03 gio va nguoi
nhanh trong nuéc. Qua trinh nay nham dam bao khi
thuc hién nung & 920°C t6 chirc cua thép I1a hoan toan
o trang thai austenite; ngudi nhanh trong nudc sé hinh
thanh nén t4 chuc mactenxit va austenite du. Sau do
tién hanh ram ¢ cac nhiét d6 va thoi gian khac nhau véi
mong mudn t6 chirc cudi cung thu dugc 1a bainite véi
austenite du (Bang 2). Qua trinh xir ly nhiét dugc tién
hanh trén thiét bi nhiét luyén CF-1400 tai Trung tam
Thuc hanh thi nghiém, Vién Co khi, Truong DPai hoc
Hang hai Viét Nam.

Céc mAu sau dic va nhiét luyén duoc tién hanh
phan tich té chic té vi trén kinh hién vi quang hoc
Axiovert 25A; VHX va kinh hién vi dién te FESEM

Jeol 7600 - Pai hoc Bach Khoa Ha Noi. Ngoai ra, dé
danh gia thanh phan bang phuong phép phén tich EDS
trén thiét bj FESEM Jeol 7600.

Bdng 2. Cac ché dp xi ly nhigt
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Dé danh gia co tinh cua hop kim nghién ctru mau
duoc tién hanh do do cung trén thiét bi do do cing
ATKF 1000 cta hang Mitutoyo va do dai va dap trén
may do JBS-300.

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

Hop kim sau diic khong bién tinh (MO)

Panh gia t6 chirc té vi cua hop kim sau duc nhan
thdy ngay ca voi do phong dai 50 lan ciing cho thdy do
hat cua hop kim kha 16n; véi ché do phong dai nay
cling khong xac dinh dugc bién gidi hat caa hgp kim
nghién ciru. Phan tich kich thudc hat baing phan mém
Image Pro-Plus tai Dai hoc Bach khoa Ha Noi cho thdy
kich thuéc hat nho nhat sau dtc c6 thé dat duoc la
1,055mm. O bién gidi hat 1a cac hat ferit mau sang da
canh nam doc bién gi6i hat; bén trong hat ¢ trang thai
duc thdy xuit hién nhitng hat mau sang (Hinh 1a).

Céc két qua nghién ciru cho thiy cd sy xuat hién
ctia cac ferit duogc tiét ra tir austenite khi lam nguoi tir
trang thai long (Hinh 1b). Céc hat ferrite nay c6 bién
giGi 18 rang so voi nén Peclit (austenite chuyén bién
thanh). Nhu vay cac hat nay khdng phai duoc tiét ra tir
nén P khi 1am ngugi xubng.

SO 66 (4-2021)



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

KHOA HQC - CONG NGHE

Phan tich phd nguyén t6 cac ving séang bén trong
hat duoc nghi ngo & phan tich hién vi quang hoc cho
thdy thanh phan héa hoc chu yéu la Fe va mot sb
nguyén té vi luong Cr; Si va Mo. Nhu vay, pha mau
sang & trong hat la cac hat ferit dwoc tiét ra tir trang théi
long khi lam ngudi hay con goi la ferit delta.

b) Phdn tich bang kinh hién vi VHX (x1000)
Hinh 1. Té chc té vi hop kim MO sau diic

Bién tinh hop kim sau diic bang Al (M1)

Phan tich t6 chuc té vi cua hop kim sau bién tinh
bang Al & trang thai duc cho thay:

T4 chirc té vi cua hop kim sau duc 1a nén Peclit véi
cac hat ferit & bién gi6i hat.

Tuong ty V6i phan tich to chirc mau MO; cac hat
mau sang bén trong hat ciia miu sau dtc la cac hat
ferit delta.

Tuy nhién d6i véi hgp kim sau bién tinh bang nhém
cho thay kich thudc hat ¢6 giam so véi mau khong bién
tinh bang Al (kich thudc hat giam xung con 0,65mm).
Tuy nhién ddi véi miu sau duc thi gia tri nay rat In dé
c6 thé thyc hién ché @6 nhiét luyén (Hinh 3).

Bi¢n tinh bang Al két hop véi Titan

Dbi véi hop kim duoc tién hanh bién tinh bing Al
két hop vai Ti cho thay do hat cua hop kim sau duc co
kich thuéc nho min. Véi do phong dai 500 lan nhu &
Hinh 4 cho thay thu dugc hat c6 kich thudc nho. Khéng
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thdy su xut hién cua cac hat ferit delta & trong hat cua
hop kim nghién ctu. Trén bién giéi hat thiy xuat hién
rat it cac ferit dugc hinh thanh.

a) Vung phan tich EDS

Counts

T 1 T i
0.00 1.00 2.00 3.00 4.00 500 6.00 7.00 800 9.00 10.00
kev

b) Phé nguyén té
Hinh 2. Phan tich phé nguyén té

Hinh 3. T4 chikc t8 vi hop kim M1 sau ditc (X500)

Phan tich kich thuéc hat bing phan mém Image
Pro-Plus tai Dai hoc Bach Khoa Ha Noi xac dinh do
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hat trung binh I cap 3,45 theo tiéu chuan ASTM. Nhu
vdy, voi phuong phap bién tinh bang Al két hop véi
Ti cho hiéu qua cao nhét vé do hat ciing nhu kha ning
khtr khi cua hgp kim nghién cau.

b) X500
Hinh 5. Té chikc té vi hep kim M2 sau xi# Iy nhiét

SO 66 (4-2021)

Padnh gid t6 chic té vi sau khi xat ly nhigt

Phan tich té chie té vi sau nhiét luyén ¢ ché d6 2,9
cho thiy:

Sau xir ly nhiét, t6 chac té vi caa hop kim ¢6 cu
trdic dang tAm (vai cAu trdc nay c6 thé 1a cac mactenxit
hoic bainite). Ngoai ra, con c6 mot sé cacbit nho min
phén tan bén trong nén.

Phén tich d6 hat sau khi xu 1y nhiét cho thiy dé hat
sau nhiét luyén c6 thé dat ti cap 4. V6i do hat nay dam
bao yéu cau lam viéc cho chi tiét.

Anh chup SEM (Hinh 6) cho thiy véi d6 phong dai
cao hon cho thay t6 chic 1a céc tim Ferrite song song
v6i nhau. Pay 1a dang td chirc dic trung cua bainite - t&
chire hinh thanh véi toc d6 ngudi cham hon.

X 10,0 10 1 SEM ¥ ymm

Hinh 6. Phan tich SEM hgp kim M2 sau xa ly nhiét

Cac tam Ferrite song song véi nhau & trong cung
mot hat khoang cach giira cac tdm la dao dong tir
0,36 dén 0,56pum.

3.2. Phan tich vé co tinh
Phan tich vé dé dai va dap:

So sénh gia tri do dai va dap cua mau sau cac ché do
xir ly nhiét (Hinh 7) cho thy: gia tri d6 dai va dap dat
I6n nhét 14 57,5)/cm? khi mau duoc nung & 650°C gitr
nhiét trong 02 gi® sau d6 nang tiép 1én 920°C giir nhiét
trong 03 @i va ngudi nhanh trong nudc; sau d6 mau
dugc ram & 250°C trong 06 gid dé dam bao cac chuyén
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bién xay ra hoan toan. Véi ché do trén thu duoc gia tri do
dai va dap 12 I6n nhét trong cac ché do xir ly. Vai t chic
ddc trung 1a bainite xen k€ la austenite du dam bao duoc
gia tri do dai va dap cua mau thép nghién ciu.

60.0
50.0
40.0
30.0
20.0
10.0

0.0

SO &v &b &b &’.\ &?o &

Hinh 7. Phan tich gia tri d¢ dai va ddp

Anh hong dén dg cimg

Phan tich gia tri d6 cing trén bé mat cua mau cho
thay cac ché do M2,4; M2,7 va M2,9 ¢ gia tri do cang
Xap xi nhau va véi gid tri ¢6 cing nay dam bao yéu cau
lam viéc cua chi tiét rang gau. Tuy nhién, két hop vai
gia tri 6 dai va dap cho thiy ché ¢6 M2,9 thoa man
c4c yéu cau dat ra ban dau cua hop kim nghién ctu.
Vi ché do M2,9 dam bao dugc V& td chuc thoa man
céc yéu ciu ban dau.

60 -Jlem? 57.5
50 45

40 35

30 - 30 26.3 27.5

20 A
10 A
o 4

M2.1M2.2M2.3M2.4M2.5M2.6M2.7M2.8M2.9

Hinh 8. Phan tich gid trj dé cibng trén bé mt

5. Két luan

Nhitng két qua nghién ctru cta cong trinh nay da
cho thdy sy anh huéng cua chit bién tinh Al va Ti va
ché do ram dén té chirc va co tinh cia thép Mn thap
g dung trong diéu kién mai mon va dam bao d¢ dai
nhat dinh. Ché do xir Iy cuia thép nghién ctru nhur sau:
sir dung dong thoi hai chat bién tinh 12 Al va Ti két hop
vai quy trinh xt ly nhiét phu hop. Quy trinh xu ly nhiét
cho thép nghién ctru 1a nung dén 650°C giit nhiét trong
02 gid sau d6 nung tiép dén 920°C giir nhiét trong 03
gi va ngudi nhanh trong nudc. Cudi ciing thép dugc
tién hanh ram & 250°C giir nhiét trong 06 gid. Véi qué
trinh xt ly nhiét nhu trén co tinh cua thép dat duoc la:
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gi4 tri d6 dai va dap cao nhét dat 57,5J/cm? va gi4 tri
do ciing trén bé mat 1250,3HRC. T6 chie té vi cua thép
sau bién tinh két hop véi xir Iy nhiét 1a to chuc bainite
két hop Vvéi austenite du. Khoang cach giita cac tam
Ferrite Ia tir 0,36 dén 0,56pum. Gia tri d6 hat hiéu qua
khi xt ly nhiét véi quy trinh trén la cap 4.
Loi cam on

Nghién cuu nay dugc tai tro boi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s DT20-21.30.
TAI LIEU THAM KHAO

[1] G. Golagski and P. Wieczorek, Precipitation of
carbides in Cr - Mo - V cast steel after service and
regenerative heat treatment, Arch. Foundry Eng.,
\ol.9, No.1, pp.97-102, 2009.

[2] G. Golanski, Regenerative Heat Treatment of Low
Alloy Cast Steel, Heat Treat. - Conv. Nov. Appl., no.
September 2006, 2012.

[3]Y. A. Farzin, A. Najafizadeh, and E. H. Nejad,
Effect of temperature in intercritical treatment on
microstructure, tensile properties and hardness in
dual phase ST52 steel”, J. Mater. Environ. Sci.,
\Vol.7, No.5, pp.1716-1722, 2016.

[4] A. Zielinski, J. Dobrzanski, and H. Krzton,
Structural changes in low alloy cast steel Cr-Mo-V
after long time creep service, Vol.25, No.1, pp.33-
36, 2007.

[5]J. Dobrzanski, A. Zielinski, and H. Krzton,
Mechanical properties and structure of the Cr-Mo-
V low-alloyed steel after long-term service in creep
condition, Vol.23, No.1, pp.39-42, 2007.

[6] R. C. Voigt, Analysis of intercritical heat treatment
of cast steels, J. Heat Treat., Vol.7, No.2, pp.95-105,
1989.

[7TW. S. Yang and C. M. Wan, The influence of
aluminium content to the stacking fault energy in
Fe-Mn-Al-C alloy system, J. Mater. Sci., Vol.25,
pp.1821-1823, 1990.

[8] N. I. Medvedeva, M. S. Park, D. C. Van Aken, and
J. E. Medvedeva, First-principles study of Mn, Al
and C distribution and their effect on stacking fault
energies in fcc Fe, J. Alloys Compd., Vol.582,
pp.475-482, 2014.

[9] J. D. Verhoeven, Cast Irons. 2019.

[10] N. I. Medvedeva, M. S. Park, D. C. Van Aken, and
J. E. Medvedeva, First-principles study of the Mn,
Al and C distribution and their effect on the
stacking fault energies in austenite, 2012.

SO 66 (4-2021)




TAP CHil ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

[11] B. I. S. [13:43], BAINITE.IN.STEELS.

[12] A. S. M. I. Handbook, ASM handbook (Heat
treating of Irons and Steels), ASM Int., 2005.

[13] ASM International Handbook Committee, ASM
Handbook: Materials Characterization, Volume 10,
Book, 1998.

[14] D. Krizan and B. C. D. E. Cooman, Mechanical
Properties of TRIP Steel Microalloyed with Ti
Mechanical Properties of TRIP Steel Microalloyed
with Ti, No. July, 2014.

[15] E. De Moor, Advanced High Strength Steels, 2015.

Ngay nhan bai: 07/3/2021
Ngay nhan ban sura: 19/3/2021
Ngay duyét dang: 29/3/2021

KHOA HOC - CONG NGHE

SO 66 (4-2021)



