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TOM TAT
Hé thép maraging la hé thép ddc biét c6 dé bén cao nhdt trong cdc logi thép va duwoc iing
dung nhiéu trong qudn sw cho ché tao vé dong co tén hia, vo dan xuyén gidp,... Mdc thép
03Ni18C0o9MO5TiAl 1a mét thép thugc logi ndy. Bai bao nay tien hanh khao sat xi 1y nhiét thép
03Ni18C0o9MOo5TiAl gom tdi va hoa gia hda bén, danh gid té chirc té vi, do dé citng, dg bén kéo
lam co sé cho lwa chon ché d@é xir Iy nhiét cho co tinh tong hop cao #ng dung trong cac sdn
pham qudc phong. Két qua thu duwoc cho thay tdi ¢ 820 °C, hoa gia ¢ 490 °C trong 4 - 6 h cho

citng dat 53,5 HRC va dg bén kéo dat trén 2200 MPa.

Tir khéa: Thép maraging; Thép hop kim 03Nil18Co9MOoSTiAl;, Thép méctenxit do bén cao; Xir 1y nhiét thép
maraging; Hoéa gia thép macstenxit.

1. MO PAU

Thép Maraging duoc phat trién vao nhfrng nam 1950 thé ky 20, tén goi duoc két hop tir hai
thuat ngir 1a mactenxit (martensite) va héa gla (aging), c6 nghia 1a mactenxit dugc hoa gia. bay
loai thép co cac tinh chat wu viét nhu do bén gin nhu cao nhat trong cac dong thép, do déo cao,
kha niang hoa bén tét, kha ning han tét, xir 1y nhiét don gian ma khong giy bién dang t6 chic.
Do viy, thép maraging duoc ap dung rong rii cho cac tmg dung doi hoi diéu kién lam viéc khat
khe, nhu Umg dung cho cac nganh cong nghiép hang khong v tru, quén sy va cong ngh¢ hat
nhén, giao thong van tai, san xuét, dung cu, ché tao khuén va cac két cdu co dién,... Do bén cao
va d6 déo dai cao cua thép dén tir sy tiét pha ting bén cia vi cdu trac mactenxit hop kim cao
trong qua trinh x1r Iy nhiét hoa gia.

Thép Maraging ban dau duoc xay dung bang hop kim hda voi khoang 18% Ni tao ra
mactenxit khi xen k& cua Ni trong nén Fe v6i ham luong C rat thip khi t6i. Hop kim héa thém
Co va Mo lam gia ting dang ké vé do bén co hoc thdng qua hoa gia, mot lwong nho Al, Ti thic
day hoa gia dé dang. Nhom thép 18%Ni-Co-Mo duoc xay dung cho mot sé mac thép Maraging
thuong mai nhu ¢ bang 1.

Bdng 1. Mét s6 mdc thép maraging 18%Nif1].
Loai thép Ni Co Mo Ti Al Chmax | Simax [MNmax Pmax | Smax
18Ni (200)| 17-19 | 8,0-9,0 | 3,0-3,5|0,15-0,25|0,05-0,15| 0,03 | 0,212 | 0,12 | 0,01 | 0,01
18Ni (250)| 17-19 | 7,0-85 | 4,6-51| 0,3-0,5 |0,05-0,15| 0,03 |0,12|0,12| 0,01 |0,01
18Ni (300)| 18-19 | 8,0-9,5 | 4,6-5,2| 0,5-0,8 |0,05-0,15| 0,03 |0,12|0,12|0,01|0,01
18Ni (350) | 17-18 12-13 | 35-40| 16-25 | 0,1-0,2 | 0,01| 0,10 0,10 |0,005(0,005
18Ni (duc) | 16-17,5| 9,5-11,0 | 4,4-4,8 | 0,15-0,45| 0,02-0,10| 0,03 | 0,10 | 0,10 | 0,01 | 0,01

Yéu cau ddi voi dong thép nay 1a c6 ham lwgng cécbon rat thap <0,03%, ham lugng tap chit
cuc thip, S,P <0,01% va loai c6 d6 bén cao nhit 18Ni(350) c6 tap chét S,P <0,005%, tong ham
luong (Mn+Si) < 0,2%.

Mot trong nhitng wu diém cua thép maraging niken so véi cac hop kim do bén cao khac 1a c6
quy trinh xir Iy nhiét don gian. Sau khi @ dung dich ran autennit héa, tién hanh t6i nguoi nhanh
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trong nudc, hop kim nay c6 té chirc mactenxit mém déo (mactenxit Fe-Ni dang thé, kiéu mang
lap phuong khdi thay thé) dé dang cho bién dang va tao hinh. Sau budc hda gia hop kim tao cac
pha hoa bén, hop kim cho d6 bén va do cting cao, 1én tsi trén 2000 MPa va 50 HRC [2].

Thép maraging 03Ni18Co9Mo5TiAl 1a thép dugc sir dung cho ché tao vo dong co tén laa
phong khong tam thap Igla, than vo dan ting xuyén giap. Trong nghién ciru cua bai bao nay, trén
co s& phdi hop kim thép 03Ni18Co9Mo5TiAl sau duc va tinh luyén, tién hanh nhiét luyén va
khao sat to chirc va co tinh thép dé chon dugc ché do nhiét luyén co co tinh t6t phuc vu cho cong
nghé ché tao ché tao cac san pham phuc vu qudc phong nhu dong co nhién liéu rin co nho, vo
dan chéng ting.

2. THUC NGHIEM
Thép nghién ciru c6 thanh phan theo bang 2:
Bing 2. Thanh phan héa hoc thép.

Nguyénté |Ni|Co|Mo| Ti | Al C Cr | Mn | Si Fe P S
% 19/9,3] 5 | 0,64 | 0,06 | <0,03 [ 0,08 0,04 | 0,07 | 65,78 | <0,01 | <0,01

Thép tuong duong mac 18Ni300 (ASTM A583-72a grade 73) mac ciia Nga 03H18K9IMSTHO
(TY 14-1-4805-90).

Ché d nhiét luyén duoc khao sat cho nhu & bang 3:

Bdng 3. Ché @ nhiét luyén thyc hién.

Ché do xu 1y nhiét Nhiét 3o, °C Thoi gian giit nhiét, gio
Toi 820 1
450 2,4va6
Hoa gia 490 2,4va6
530 2,4va6

Mau vét lidu sau duc, duge xu 1y nhiét dong déu dung dich rin va toi ¢ 820 °C, héa gia &
khoang nhiét do tir 450-530 °C. Kich thuéc mau khao sat 2 cmS. Viéc lua chon nhiét d6 toi, hoa
gia va thoi gian gitr nhiét dya trén gian dd TTT cua thép maraging nhu & hinh 1, chon nhiét do
trén 450 °C dé co duoc pha Niz(TiMo) c¢6 hiéu qua hoa bén tdt, va dudi nhiét do autennit hoa cia
thép. Tranh tao cac pha S, o la cac pha trat tu hda gy don thép.

\

825 4

775 T i

s

g ,:/Nist'l‘i,Mn) +w +Fe,Mo

Nhiét do, K
/

\
<s < S+w \ @ +Fe,Mo
\ \

675 — —

Thoi gian, gio
Hinh 1. Gidn do TTT ciia thép maraging [3].
7 Mau sau xir Iy nhiét du:qc tién hanh khéo sat su bién déi’ t6 chirc té vi, do do clmg va co tinh
de danh gia kha nang hoa bén qua xtr ly nhi¢t tir 6 chon ché do xur 1y cho co tinh tong hop cao.
3. TO CHUC VA CO TINH VAT LIEU
3.1. T chic té vi
Té chire té vi thép maraging 03Ni18Co9Mo5TiAl nghién ciru dwoc khao sat ¢ ché do sau duc,
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t6i va hda gia. T chirc sau duc 1a to chirc dang nhanh cay tao thanh do qua trinh ngudi chdm sau
duc, tao thanh tir su thién tich cta cac nguyén t6 hop kim cao c6 trong thép. To chirc sau tdi thu
duoc 1a mactenxit tam (pha mau t6i) va autenit du mau sang.

T6 chire sau diic T6 chire sau ti
Hinh 2. 76 chirc te vi sau diic va sau toi t6i ¢ 820 °C.
T6 chike té vi sau héa gia 450 °C.

2 gio , , 4 gio 6 gio
Hinh 3. 76 chitc té vi héa gia ¢ 450°C, thoi gian khdc nhau.
T6 chike té vi sau héa gia 490 °C

2 gio 9 ) 4 gio 6 gio
Hinh 4. T6 chite té vi héa gia 490°C thoi gian khdc nhau.
T6 chirc té vi sau héa gia 530 °C

2 gio 4 gio 6 gio
Hinh 5. T6 chitc té vi héa gia 530 °C thoi gian khdc nhau.

Nhan xét: Cac t6 chirc thu duoc sau hoa gia & 450 °C; 490 °C; 530 °C co ban 1 té chirc co
nén mactenxit dang thd, xuét hién cic pha tiét ra nhung trén nén nhung cic pha nay nhé kho
quan sat thiy bang hién vi quang hoc. Ho4 gia ¢ nhiét do cao va thoi gian dai hon té chirc quan
sat théy ¢6 su thd hoa véi td chire hat 16n hon.
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3.2. Két qua nhiéu xa

Crong do pic-1,,, Két qué nhiéu xa XRD
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Hinh 6. Nhiéu xa XRD.
a - Mau sau can va khir ttng sudt; b - Méu sau toi; ¢ - Mdau sau héa gia 0490 °C
Nhan xét: Nhidu xa tia X mau sau tdi va hoa gia cho cac vach 110, 200, 211, 220 cia cAu triic
1ap phuong tam khéi (fec) ctia nén thép. So sanh véi két qua ¢ hinh 7 [4], voi mau sau t6i va hoa
gia d6 cua 1a cdu trac mactenxit Fe-Ni-Co. Cac pha phan tan nhé min c6 cuong d6 khong 16n do
véy kho phat hién bang Xray thong thudng.
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Hinh 7. Nhiéu xa XRD cho xit Iy dung dich ran va héa gia thép maraging 300
VOi cdc peak twong wrng voi pha mactenxitit [4].
3.3. T6 chirc hién vi di¢n tir quét (SEM)

Hinh 8. Anh SEM méu sau diic.

Anh SEM cac miu hoa gia ¢ 2, 6 gio voi do phong dai x10000 (hinh 9, hinh 10) dé quan sat
thay cac pha hoa bén véi kich thudc khoang 0,1pum (mau trang trén nén thép), dang cau nho phan
bd trén nén mactenxit Fe-Ni. Cac pha hoa bén hoéa bén sau co thé co trong  thép
03Ni18Co9Mo5TiAl 1a NisMo (dang truc thoi), NisTi (luc giac trat tw), dang hdn hop
Ni3(Ti,Mo); Fex(Mo, Ti) (dang luc giac laves), FeMo (t&r giac), FeTi (lap phuong dang CsCl),
NizMo (luc giac), R(Mo-Co-Cr)(luc giac dang thoi), X(Fe-Cr-Mo) (ldp phwong tam khdi) [5-7].
Céc pha nay hda bén manh mé cho thép.
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3.4. Két qua co tinh

X10000
Hinh 10. Anh SEM mau héa gia 490 °C trong 6 h.

Tién hanh do do cing 7céc mau sau xur Iy nhiét & nhiét do ve‘a~ thoi gian khac nhau cho két qua
nhu bang 4, d6 thi bién d6i do cirg nhu ¢ hinh 11. Thir kéo mau hoéa gia ¢ 490 °C véi thoi gian

khéc nhau cho ¢ bang 5.

Bdng 4. D¢ cung khi xar ly nhigét.
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Bing 5. Két qua thit kéo voi

mau héa gia & 490 °C.

Mau

Do bén kéo, MPa

Mau t6i

1095

Hoagia2h

2070

Héa gia 4 h

2030

Hoba gia 6 h

2210

Hinh 11. D6 thi bién doi do cirng theo thoi gian héa gid.
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C6 thé thy khi tang thoi gian hoa gia & 3 nhiét o hoa gia, do clmg thép ting 1én manh mg,
hoa gia & 2 h dat khoang SOHRC va dat cao nhat & khoang thoi gian 6 gio, hoa gia 1én téi 8h thi
d6 ciimg c6 xu hudng giam. Vi thép nghién ciru hoa gia ¢ 490 °C & 6 gid cho do climg cao nhét
53,5 HRC, do bén kéo dat duoc 2210 MPa. Két qua d ctmg va do bén kéo thu dugc cing phu
hop vai mot sé két qua da dat duoc trong cac nghién ctru da duoc cong bé [1, 2].

4. KET LUAN

Thép 03Ni18Co9MOo5TIAl la mot thép dic biét thude dong thép maraging cé co ché hoa bén
khéc véi thép thong thuong. Toi dé tao to chirc mactenxit ddng nhat mém déo d& dang cho bién
dang tao hinh, co tinh ting cao dat dwoc thdng qua hoa gia thép sau tdi nho su tiét pha cua cac
pha hoa bén lién kim.

Thoi gian hoa gia anh huéng manh téi qua trinh tiét pha hoa bén, xu huéng ting bén sé& dién
ra trong khoang thoi gian héa gia dudi 6 gio va dat cyc dai. Thoi gian dai hon dan toi thd hoa to
chirc va lam giam co tinh.

V6i mau thép 03Ni18Co9MOo5TiAl ché do nhiét luyén thich hop cho co tinh cao 1a tdi & 820 °C,
t61 nudc va hoa gia & 490 °C trong khoang 4 - 6 gid, 1am nguoi trong khong khi. Do cing c6 thé
dat t6i 53,5 HRC, d6 bén kéo dat trén 2200 MPa.
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Abstract

Study on the heat treatment of 03Ni18C0o9Mo5TiAl steel
for high synthetic mechanical applications in defence products

Maraging steel is a special steel system with the highest strength of all steels and is
widely used in the military for the manufacture of rocket engine shells, armor-piercing
shells, etc. Steel 03Ni18Co9Mo5TiAl is one of these grades. This paper researches heat
treatment of 03Nil8Co9Mo5TiAl steel including quenching and aging, observing
microstructure. Measurement of hardness, tensile strength as the basis for selecting heat
treatment regimes for high mechanical properties, and applications in defence products.
The obtained results show that quenching at 820 °C, aging at 490 °C for 4 - 6 h for
hardness reaches 53,5 HRC and tensile strength over 2200 MPa.

Keywords: Maraging steel; 03Ni1l8Co9Mo5TiAl alloy steel; High strength martensitic steel; Heat treatment of
maraging steel; Aging martensitic steel.
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