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TOM TAT

Bai bdo nay trinh bay két qua nghién ciru anh huwdng cia nhiét @ téi & cdac ving nhiét do
khac nhau, bao g&m ca vung nhiét do can toi han va nhiét do ram dén 16 chirc va co tinh ciia thép
hop kim thdp 30CrMnSi diwoc ché tao tir sat xép. Cdc két qua nghién ciru thie nghiém chi ra rang,
nhiét do toi va ram anh huong rat 1om dén tinh chat ciia thep 30CrMnSi. Khi toi o nhiét do can toi
han (trong vung Ac, dén Ac)) tu’ (890—820) °C, t6 chirc ’thu duoc sau toAz" gom martenxit va austenit
dw va Zu’ong ferit khong chuyén biéen, qua trinh ram tiép theo cho do bén khong cao nhung do deo
dai 1ot hon so véi khi téi & ving nhiét d¢ trén Ac, (840-880)°C, do sau t6i chi gom martenxit va
austenit dw va khong con ferit. Voi cung nhiét do toz khi tang nhiét do ram, dg bén sé gidm xudng
va o 600°C, thép co do deéo dai cao nhat, dé bén thap nhat. Tang nhiét do toi lén trén 900°C, hat
austenit c6 xu hiedng thé to, khéng thich hop dé xir Iy nhiét cho cdc chi tiét két cau. Khi ram & nhiét
dé trén 600°C, do bén ciia thép giam nhanh, khéng déap iing yéu cau lam viéc cia chi tiét két cdu.
Cdc két qua nghién civu nay gép phan lam co sé cho cdc nghién ciru tiép theo nham cdi thién cdc
tinh chat ciia thép ché tao tir sdt xdp trong san xudt thuc tién ¢ Viét Nam.

T khéa: Sat xop; Thép 30CrMnSi; Nhiét d¢ téi cin t6i han; Nhiét d@é ram; Co tinh; To
chire té vi.

ABSTRACT

This paper presents the research results on the effects of quenching temperatures (including
subcritical temperatures) and tempering temperatures on the microstructure and mechanical
properties of low-alloy steel 30CrMnSi made from sponge iron. Experimental results show that
quenching and tempering temperatures significantly affect on the properties of 30CrMnSi steel. At a
subcritical quenching temperature of (800-820)°C, the microstructure after quenching still contains

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
OB TAP CHI CO KHI VIET NAM, S6 331, thang 8 nim 2025
cokhivietnam.vn



NGHIEN CU’U - TRAO BOI

a small amount of ferrite, and the tempering process results in lower strength but better toughness
compared to quenching at Ac, higher temperature (840-880)°C (only austenite phase zone), because
of no ferrite remains after quenching. At the same quenching temperature, increasing the tempering
temperature reduces strength, with the highest toughness and lowest strength achieved at 600°C.
When tempered above 600°C, the strength of steel decreases rapidly, failing to meet the operational
requirements of structural components. These research results is the basis for further studies in
order to improve the properties of steel made from sponge iron in practical production in Vietnam.

Keywords: Sponge iron; 30CrMnSi steel; Subcritical quenching temperature; Tempering
temperature;, Mechanical properties, Microstructure.

1. PAT VAN PE

Thép hop kim thap 30CrMnSi di duoc
st dung rong rii trén thé giGi boi boi co tinh
cao va do déo dai tét [1, 2]. Thép dugc tng
dung trong nhiéu linh vyc nhu cong nghiép hoa
chat, vii khi, cac chi tiét may chiu luc, cac chi
tiét trong thiét bi bay... chang han nhu: truc,
banh rang, mat bich, vo may, cdnh may nén,
rong roc, cac cau triac han quan trong hoat dong
dudi tai trong d6i dau... Cong nghe ché tao thep
30CrMnSi rat da dang, tu nau luyén truyén
thong dén st dung sat x6p, in 3D, phun phi
laser... [3-7]. Thép hop kim nay dugc nghién
ctru theo nhidu hudng khac nhau, bao gom
xtr 1y nhiét thong thuong dén xir Iy co nhiét

dé thay doi co tinh, cling nhu ing dung phun
pha dé 1am thay d6i tinh chat bé mit [8-11].
Trong nhiing nam gan day, viéc nghién ciru
thép 30CrMnSi bat dau phat trién manh & Viét
Nam [12-15]. Bai bdo nay trinh bay nghién ctu
khao sat anh hudng cua nhiét do toi va ram dén
co tinh va t chirc t& vi cua thép hop kim thap
30CrMnSi ché tao tir st x6p.

2. THUC NGHIEM

Thép 30CrMnSi thudc loai thép hop
kim thdp véi thanh phan hoa hoc duoc cho
trong bang 1 (FOCT 4543- 2016) Thép hop
kim nghién ciru ché tao tir sat xdp c6 thanh
phan hoa hoc duoc cho trong bang 2.

Bdng 1. Thanh phan héa hoc (%) ciia mac thép 30CrMnSi (TOCT 4543-2016)

Thanh phéin héa hoc, % (Khdi hrgng)
Mac thép
C Si Mn Ni Cr Cu Fe S P
30CrMnsi | %28 | 0.90- 0,80-1,10 | <03 | 0,8-1,1 | <0,3 | Conlai | <0,035 | <0,035
0,34 1,20
Bdng 2. Thanh phan héa hoc (%) ciia mdc thép 30CrMnSi nghién ciu
Thanh phén héa hoc, % (Khdi lrgng)
C Si Mn Ni Cu Fe S P
0,309 1,038 0,986 0,112 0,987 0,083 96,549 0,021 0,029
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Thép 30CtMnSi 1a thép hop kim thap
trude cung tich, cAn xac dinh nhiét d6 téi han
Ac, va Ac, d¢ lya chon nhigt d6 t0i. Theo mot s6
tai li¢u da cong bo véi thép hop kim thap, nhiét
do Ac, va Ac,co thé duoc tinh theo cong thure:

1) Kunitake & Katou (1964) [16]:

Ac, (°C) =754.83 - 32.25C - 17.76Mn
+23.32Si+ 17.3Cr +4.51Mo + 15.62V.
Ac, (°C) = 920.21 - 394.75C - 14.40Mn +
54.99Si + 5.77Cr + 24.49Mo + 83.37V.

2) Kasatkin et al. (1984) [17]:

Ac, (°C) = 723 - 7.08Mn + 37.7Si +
18.1Cr + 44.2Mo + 8.95Ni + 50.1V + 21.7Al
+ 3.18W + 2978 - 830N -11.5CSi - 14.0MnSi
- 3.10SiCr - 57.9CMo - 15.5MnMo - 5.28CNi

- 6.0MnNi + 6.77SiNi - 0.80CrNi - 27.4CV +
30.8MoV - 0.84Cr? - 3.46Mo” - 0.46Ni*-28V=.
Ac, (°C) = 912 - 370C - 27.4Mn + 27.3Si -
6.35Cr - 32.7Ni + 95.2V + 190Ti + 72Al +
65.6Nb +5.57W +332S + 276P + 485N - 900B
+ 16.2CMn + 32.3CSi + 15.4CCr + 48CNi +
4.32SiCr - 17.3SiMo + 18.6SiNi + 4.8MnNi
+ 40.5MoV + 174C? + 2.46Mn* - 6.86Si* +
0.322Cr* + 9.9Mo? + 1.24Ni* - 60.2V?2,

3) Hougardy (1984) [18]:

Ac, (°C) = 739 - 22C - 7Mn + 2Si +
14Cr + 13Mo - 13Ni .
Ac, (°C) =902 - 255C + 19Si - 11Mn - 5Cr +
13Mo - 20Ni + 55V.

Nhiét d6 Ac, va Ac, tinh toan cu thé déi
v6i thép 30CrMnSi dugce cho trong bang 3.

Bang 3. Nhiét do Ac, va Ac, tinh todn cua thép 30CrMnSi nghién ciru

Tac gia Nhi¢t d) Ac, °C Nhiét dg Ac,, °C
Kunitake & Katou (1964) [16] ~767 ~837
Kasatkin et al. (1984) [17] ~734 ~832
Hougardy (1984) [18] ~739 ~823

Trong khi d6, nhi€t d6 Ac, va Ac, duoc
cong bo doi voi thép 30CrMnSi theo TOCT cua
Nga thuong khoang 760°C va 830°C, tuong
tmg [19]. Do vay, nhiét do t6i ddi véi thép
nghién ctru dugc lya chon trong khoang 800
dén 880°C, tirc 1a bao gém ca nhiét do trong
vung can toi han (Ac, dén Ac,) va vung 1 pha
(trén Ac,)).

Mau thép nghién ciru duge ché tao tir
sit x6p c¢6 dang hinh try voi duong kinh 18
mm. Pé dam bao su dong déu cua cic miu
thép trudc khi nghién ciru, tat ca cac mau dugc
thudng hoa so bo bang cach nung cic mau &
880°C trong 1h, sau d6 14y ra dé ngudi trong

khong khi tinh. Tiép theo tién hanh t6i va ram &
cac nhiét @6 khac nhau, cu thé:

- Nhiét d6 nung t6i lua chon bao gdm
vung cén to1 han dudi Ac, (800°C, 820°C) va
vung trén Ac, gom 840, 860 va 880°C v6i moi
truong ngudi la dau.

- Nhiét do ram ngay sau toi dugc lua
chon 1a 200, 300, 400, 500 va 600°C. Thoi gian
ram thong thuong dugc xac dinh theo thuc
nghiém. Pé dam bao tinh dong déu va dé dang
so sanh, véi duong kinh mau thir 18 mm, thoi
gian ram cho tat ca cac mau sau toi duoc lua
chon 1a 90 phut [20, 21].
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Sau xur 1y nhiét, tién hanh khao sat co
tinh va to chirc t& vi cua thép. Cac mau thi
nghiém thir kéo va kiém tra do cing, to chirc té
vi duoc cho trén hinh 1.

. y ;

Hinh 1. Mdu thit kéo (a) va mau kiém tra t6 chirc
té vi (b).

Thiét bi nhiét luyén t6i va ram
NABERTHERM (Ptic) (Hinh 2), kinh hién
vi Axio Imager A2M (Hinh 3) dé chup anh t6
chtre té vi duoc tai Phong Thi nghiém Vit liéu
— Khoa Co khi, Hoc vién K¥ thuat quan sy. Thi
nghiém thur kéo duogc thuc hi¢n trén thiét bi
thir kéo nén van nang TT-HW2-1000 (Canada)
dat tai Trung tdm Do luong — Vién Cong nghé,
Tong cuc Cong nghiép qubc phong (Hinh 4).

= 4

'

a) b)
Hinh 2. Lo nhiét luyén t6i (a) va ram (b) cua hang
Nabertherm.

Hinh 3. Kinh hién vi quang hoc Axio Image A2M.

A
Hinh 4. Thiét bi thir kéo nén van nang
TT-HW2-1000.

3. KET QUA VA THAO LUAN
3.1. T6 chire té vi
T6 chirc t& vi cua thép & cac ché do

nhié¢t luyén khac nhau dugc cho trong cac hinh
5 dén 18.

Hinh 5. Té chike cia thép 30CrMnSi sau t6i &
800°C va ram o 400°C/1,5h, x200.

3 - i L E e Tl
Hinh 6. T6 chike ciia thép 30CrMnSi sau t6i &
820°C va ram o 400°C/1,5h, x200.
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Hinh 7. Té chirc cia thép 30CrMnSi sau (6i & Hinh 11. T6 chikc ciia thép 30CrMnSi sau téi &
840°C va ram & 200°C/1,5h, x200. 860°C va ram & 200°C/1,5h, x200.

Hinh 8. T6 chirc ciia thép 30CrMnSi sau t6i ¢ Hinh 12. T6 chirc ciia thép 30CrMnSi sau t6i &
840°C va ram ¢ 400°C/1,5h, x200. 860°C va ram & 400°C/1,5h, x200.

[’ - e
g 1 L =

Hinh 9. T6 chirc cia thép 30CrMnSi sau téi ¢ Hinh 13. T6 chic ciia thép 30CrMnSi sau 16i &
840°C va ram ¢ 500°C/1,5h, x200. 860°C va ram ¢ 600°C/1,5h, x200.

¥ A RRR | 1o e i SR ST iy e W
Hinh 10. T6 chire ciia thép 30CrMnSi sau t6i ¢ Hinh 14. T6 chire ciia thép 30CrMnSi sau t6i &
840°C va ram & 600°C/1,5h, x200. 880°C va ram & 200°C/1,5h, x200.
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4, S '..----&r o e P .
Hinh 15. T6 chirc ciia thép 30CrMnSi sau t6i &
880°C va ram o 400°C/1,5h, x200.

Hinh 16. T6 chirc ciia thép 30CrMnSi sau t6i &
880°C va ram ¢ 500°C/1,5h, x200.

P S e

Hinh 17. Té chirc ciia thép 30CrMnSi sau t6i &

R o Y P e e Ir' I.""".,_ ol ‘I!r s

Hinh 18. T6 chitc ciia thép 30CrMnSi sau téi &
900°C va ram & 400°C/1,5h, x200.

Tir cac anh t6 chuc té vi co thé thiy,
khi nung t61 ¢ vung nhiét cin té1 han 800-
8?O°C (tr,ong vung nhi@t do gitra Ac, va Ac,),
to chuc t€ vi thu dugc nam trong vung hon hop
hai pha austenit va ferit, tirc 1a cdc pha thtr hai
hoa tan chua hét vao austenit. Sau qua trinh toi
trong dau, phan austenit duoc chuyén thanh
martenxit, trong khi luong ferit van giit nguyén
khong chuyén bién (Hinh 5, 6). Chinh luong
ferit nay 1am cho thép mém hon, co tinh s& thap
hon nhung d6 déo dai kha cao.

Trai lai, khi to1 trong cac khoang nhiét
do tir (840-880)°C, to chirc té vi thu dugc 1a
martenixit va lugng nho austenit du. Ferit gin
nhu khong con trong to chirc ctia thép sau toi.
Khi ram, t6 chtrc phan rd dan tir martenxit ram
(<300°C) sang to chirc xoocbit ram & nhiét do
trén 400°C rat ddc trung. Trong ving nhiét do
ram 400-600°C, t6 chirc ndy c6 co tinh tong
hop tdt, do bén cao két hop véi do déo dai tot
(Hinh 12, 13, 15 va 16). Khi nhiét d§ ram trén
600°C, thép thai bén rat nhanh do qua trinh phan
rd hoan toan martenxit thanh ferit va xementit
dién ra ciing rat nhanh, hat c6 xu huéng tho
hon.

Khi t61 ¢ nhiét @6 cao trén 900°C, xu
huéng hat austenit 16n 1én dan dén hat cang tho
to, qua trinh ram tiép theo s& anh hudng dén
tinh chit sau cung cua thép (Hinh 17, 18).

3.2. Cac dac trung thir kéo

Su thay doi tinh chit ctia thép 30CrMnSi
con thé hién rd hon théng qua qua trinh thir kéo.
Hinh 19 dén 22 mo ta sy phu thudc do cimng,
gii han bén, gidi han chay va do gian dai vao
nhiét d6 t6i lwa chon 14 800, 820, 860 va 880°C
va ram & cac nhiét 3o khac nhau.

Thong qua cac dac trung thuo kéo, 1o
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rang, khi t6i trong vung nhiét do gitta Ac, va
Ac, (800-820°C) va ram & cac Vl‘{ng nhiét do
khéc nhau tir (200-600)°C, d0 bén cua thép
dat duoc khong cao (do trong t6 chiic co ferit)
nhung d déo cao so voi tdi ¢ nhiét do trén Ac
(860-880°C) (trong t6 chirc khong con ferit). O
cung nhiét do toi, khi ting nhiét d6 ram, d bén
cua thép giam va dg déo dai tang 1€n. V&i qua
trinh ram & nhiét d6 thap, tuy d6 bén cao hon
nhung d6 déo kha thap (dudi 10%).
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Hinh 19. Sy phu thugc do cung cua thép
30CrMnSi vao nhiét do toi va ram.
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Hinh 20. Sy phu thugc gioi han bén ciia thep
30CrMnSi vao nhiét do toi va ram.
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Hinh 21. Sy phu thugc gioi han chdy cua thép
30CrMnSi vao nhiét do toi va ram.
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Hinh 22. Su phu thuéc do gian dai cia thép
30CrMnSi vao nhiét do toi va ram.

Khi ram & nhi¢t do cao (400-600)°C, do
déo déu tang 1én (1én dén 15% & 600°C), nhung
d6 bén van dat gia tri khé cao, thich hop cho
cac chi tiét chiu tai trong nang va va dap. Khi
ram & nhiét d6 trén 600°C, t6 chirc hat tré nén
tho hon din dén do bén cua thép giam nhanh.
Diéu d6 cho thay, viéc lya chon nhiét do t6i va
ram thich hop d6i voi thép 30CrMnSi s& can cir
vao diéu kién 1am viéc cu thé cua chi tiét.

4. KET LUAN

Qua khao sat xtr 1y nhiét ddi v6i thép
30CrMnSi c6 thé théy, nhiét do toi va ram co
anh huong rat 16n dén t6 chirc va co tinh cia
thép 30CrMnSi ché tao tir sit x6p. Cac két qua
thuc nghiém cho théy, khi t6i va ram & nhiét do
trong vung Ac, va Ac, (800-820°C) sau d6 ram
0 cac nhiét do khac nhau trong khoang (200-
600)°C cho do bén thap hon nhung c6 do déo
cao hon khi t6i trong khoang nhiét do (860-
880)°C va ram ¢ céc nhiét d) tuong tu. 0 cung
nhiét d6 t6i, khi ting nhiét d6 ram, do bén cua
thép giam xudng nhung d6 déo dai ting lén.
Khi nhiét d6 giam cua thép trén 600°C, d bén
giam rat nhanh, khéng dép tmg yéu cau cua chi
tiét két cAu. Cac két qua khao sat thyc nghiém
nay cho phép lya chon ving nhiét do toi va ram
dua vao yéu cau lam viéc cua tung chi tiét cu
thé, dap ung nhu cau da dang trong ché tao cac
két ciu co khi. <
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