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INFLUENCE OF TEMPERING TEMPERATURE ON STRUCTURE AND
HARDNESS OF 29% Cr WHITE CAST IRON APPLICATION FOR
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Received: 26/5/2025 High-chromium white cast iron possesses excellent wear and corrosion
) resistance. To achieve these properties, the cast iron is typically
Revised: 20/8/2025  quenched and then tempered at various temperatures to modify the
Published: 20/8/2025 density and size of the secondary carbide particles precipitated during
the tempering process. In this study, high-chromium white cast iron
containing 29% Cr, after being quenched at 950 °C, was tempered at
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temperatures ranging from 200 °C to 500 °C. Optical microscopy, X-

White cast iron ray diffraction, and scanning electron microscopy were used to observe

Microstructure and evaluate the precipitation of carbide particles in the resulting

microstructure. A hardness tester was also employed to assess the
changes in hardness. The results indicate that tempering temperature
Screw shaft affects the precipitation of secondary carbide particles, thereby altering
Hardness the hardness of the cast iron. Within the tempering temperature range
0f 200 °C to 500 °C, an increase in temperature tends to result in higher
hardness. This study also contributes to a better understanding of the
influence of secondary carbide density on the hardness of 29%Cr white
cast iron during the tempering process.
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bé dat dugc dac tinh nhu vay, gang thuong dugc toi va sau d6 ram ¢
cac nhiét d6 khac nhau dé thay ddi mat do va kich thudc cac hat cacbit
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- - 200 °C dén 500 °C. Kinh hién vi quang hoc, thiét bi nhiéu xa tia X va
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- kinh hién vi di¢n tir quét dugc sir dung dé quan sat va danh gia sy tiet

Gang trang pha la céc hat cacbit trong to chuc nhan dugc. Méay do do cung cling
T4 chie té vi duoc su dung dé danh gia sy thay doi do cting. Két qua chi ra nhiét do
Nhiét d6 ram ram ¢ anh hudng dén su tiét ra cac hat cacbit thir cap, qua do lam thay

d6i do cung ciia gang. Trong ving nhiét do ram tir 200 °C dén 500 °C,
nhiét d6 ram ting c6 xu hudng lam ting do cing. Két qua nghién ciru
Do cung ciing da gop phan lam rd hon vé anh huéng cua mat do cacbit thir cap
dén @6 cing gang tring 29%Cr trong qua trinh ram.
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1. Gigi thigu

Gang tring v6i ham lugng Cr cao thudng dugc tng dung nhiéu trong cac linh vuc ché tao cac
chi tiét 1am viéc trong diéu kién can do ctng va tinh chéng mai mon cao, kha niang chiu an mon
t6t [1] - [3]. Loai gang nay thuong chua tir 2 dén 3,5%C, ham luong Cr tir 11 dén 30%Cr [4].
Ngoai ra, mot luong nho cac nguyén té hop kim dé tao cacbit nhu Mo, W va V ciing ¢6 thé duoc
thém vao nham ting kha ning hinh thanh cacbit trong qua trinh xir 1y nhiét [5]. Nhitng nguyén t6
khong tao cacbit nhu Ni, Cu va Si ciing ¢6 thé duge cho thém véi thanh phan han ché dé cai thién
do cing cua austennit va thic day su hinh thanh t6 chirc péclit khi duc [6].

T chuc té vi cua gang tring Cr cao ¢ trang thai sau duc, dya trén gian dd pha ba ciu tir Fe-
Cr-C thuong bao gom cacbit so cap, cacbit cung tinh phan b trén nén austennit ‘hodc péclit (tuy
thudc vao toc do nguoi cia thoi duc) [7]. Su phan b cacbit két hop véi t chirc nén c¢6 anh huong
Ién dén do cung va kha nang 1a viéc chiu mai mon cta céc chi tiét nhu tryc vit trong may dun ép
gach. Trong hon mét thap ky tro lai day, xu hudng nghién ciru dé cai thién tinh chat cho loai hop
kim nay duoc chia ra hai nhom: 1) thay d6i thanh phan hoa hoc, tim mdi quan hé giira cu tric va
tinh chét; 2) dung phuong phap xt 1y nhiét dé téi wu lya chon dugc thanh phan cho céu trac té vi
phii hop. Mic du quy trinh xir Iy nhiét cho cac hop kim gang trang véi ham luong Cr cao da duoc
cong bo trong nhiéu bao cao khoa hoc, tuy nhién, kiéu quy trinh nhiét luyén va cac thong sé cong
nghé thudng phu hop véi mot thanh phan riéng biét nhat dinh va can phai c6 nhing nghién ciru
cu thé phu hop [6]. Do d6, trong nghién ctru ndy, tac gia di thuc hién viéc danh gia anh husng
cuia nhiét d6 ram dén té chirc va d6 cing ciia gang trang chira 29%Cr ang dung dé ché tao truc vit
sir dung trong may dun ép gach. Cac két qua nghién ctru da cho thdy, miu sau khi toi tai 950 °C
va ram & khoang nhiét d6 200 °C-500 °C trong thoi gian 3 gio cho gia tri d6 cing I6n nhat 58,8
HRC. T6 chiic ngoai cacbit so cp con cb cacbit thir cip phan bd déu trén nén mactensit.

2. Vit li¢u va phwong phap nghién ctru

Thyc hién nghién ctu nay, gang trang voi ham lugng Cr cao sir dung c6 thanh phan hoa hoc
dugc biéu dien trong Bang 1.
Bang 1. Bdng thanh phan héa hoc cia gang trang véi ham heong Cr cao

Nguyén t6 C Si Mn P S Cr Mo Ni \Y Fe
% Khéi lwong 3,23 1,06 0,54 0,09 0,02 29,3 0,17 0,32 0,17 65,1
Pé thuc hién dwoc danh gia vé anh huong cua nhiét d6 ram dén td chire va do cng, mau gang
duc dugc cat thanh cac mau khéi lap phuong co kich thudce (10x10x10) mm. Tat ca cac mau sir
dung trong nghién ctru, khi tién hanh nhiét luyén déu duoc nung trong méi trudng bao vé bang
than hoat tinh gitp cho dit liéu thu dugc khi danh gia c6 mie do tin cay cao. Ché do nhiét luyén
theo d6 duoc thuc hién bﬁng 16 dién tro co diéu khién (Nabertherm, model N11/H) nhu sau: mau
toi & nhiét do 950 °C sau d6 dugc mang di ram & cac nhiét do 200 °C, 300 °C, 400 °C va 500 °C
trong thoi gian 3 gio. Ky hiéu cac mau st dung trong nghién ctru nhu thé hién trong Bang 2.

Bang 2. Ky hiéu cdc mau sir dung trong nghién ciru

Ky hiéu Loai mau Ché db toi Ché do ram

M1 Mau sau duc - -

M2 Mau nhiét luyén 200 °C/3 gio/Khong khi
M3 Mau nhiét luyén 0 A 300 °C/3 gio/Khong khi
M4 M3u nhiét luyén 950°C/L5 gio/Dau 444 0073 gig/Khong khi
M5 Mau nhiét luyén 500 °C/3 gio/Khong khi

bé quan sat va danh gia dugc sy thay doi trong céu tric, cac mau khoi sau nhiét luyén duoc
mai phang, danh bong va tim thuc trude khi quan sat dudi kinh hién vi quang hoc (Olympus
GX53). Kinh hién vi dién tir quét (JEOL JSM-IT200) ciing da dugc st dung de quan sat t chuc
& mirc d6 Ion hon va dong thoi két hop véi kiém tra pho EDX nham lam rd van d@ tiét pha trong
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qua trinh ram. Su thay d6i cAu truc trong qué trinh ram ciing dwoc kiém tra boi nhidu xa tia X
(XRD) trén thiét bi (XRD, ARL EQUINOX 5000) v¢i dng phat tia X bang Cu, budc song A =
1.540 A, goc quét thay ddi tir 30 dén 80°; tdc d6 quét 0.03°.s™. Gia tri d6 cing ciia cac mau sau
mdi ché d6 nhiét luyén s& duoc ghi lai nho thiét bi do do ciing (Rockwell Mitutoyo HR-210MR).

3. Két qua va thao luan
3.1. Két qud hién vi quang hgc

Hinh anh té chuc té vi caa cac mau gang dudi kinh hién vi quang hoc dwoc thé hién nhu trong
Hinh 1. Véi miu sau dac (Hinh 1.a), t6 chirc bao gdm hat cacbit so cip thé to va cacbit ciing tinh,
mau sang va dugc phan bd trén nén péclit. K&t qua nay 1a do miu trong qué trinh duc di duoc
lam nguoi véi tdc do kha 16n dan dén sy hinh thanh t6 chirc péclit [8]. T chirc nay ciling da duoc
xac nhan thong qua két qua nhiéu xa XRD. Ngoai ra, Cr 1a nguyén t6 duoc biét dén co kha ning
gitip mé rong vung ferit. Do d6, véi ham luong Cr 16n ciing s& thic day hinh thanh pha ferit co
trong t6 chirc peclit [9].

Hinh 1. 4Anh | quang hoc to Chu’C té vi Cua cdc mau gang odo phong dai x500:
(@) mdu M1; (b) mau M2; (c) mau M3; (d) mau M4; (e) mau M5

Quan st t6 chic té vi cia cac mau sau toi va ram & cac nhi¢t do khac nhau (Hinh 1.b-¢) déu cho
thdy c6 su thay doi trong t6 chirc thu duoc. Cacbit so cAp va cacbit cung tinh déu co sy suy giam vé
kich thudc va ty 1&. Diéu nay ching té cacbit da dugc hoa tan mot phan vao trong austennit & qua
trinh t6i. Ngoai ra, viéc quan sat ciing cho thiy c6 sy tiét ra cacbit thir cp 1a cac hat nhd mau séng
trén nén mactensit (ving t6i mau), va ching c6 xu hudng ting dan kich thuéc khi nhiét do ram
tang. Mic du vay, viéc danh gia ny ciing chua thuc su rd rang do han ché vé& mirc 6 phong dai cua
kinh hién vi quang hoc sir dung. Piéu nay s& duoc lam rd hon & két qua SEM.

3.2. Két qud hién vi dién tir quét

Dé 1am 3 hon viéc tiét ra cacbit thir cip trong qua trinh ram, mot sb mau cling dugc lya chon
dé quan sat va phan tich béng kinh hién vi dién tir quét. K&t qua nhu thé hién trén Hinh 2. O mic
d6 phong dai lon hon, t6 chirc cua miu gang sau duc (Hinh 2.a) cho thiy cacbit so cAp phéan bd
trén nén peclit. Khong thdy co sy xuat hién caa cac pha khéc. Dleu nay co thé so sanh véi cac
mau sau ram (Hinh 2.b-c). Sy xuét hién cta cac hat cacbit thir cip trén nén mactensit da duoc ghi
nhan lai mot cach rd rang.
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Anh huong cua nhiét do ram dén su tiét pha cacbit thir cip ciing dd duoc chi ra thong qua hinh
anh Ve mat do cac hat cacbit. V&i mau ram ¢ 200 °C (Hinh 2.b), da c6 su Xuit hién cac hat cacbit
thir cip nhung voi mét do nho, phan bb rai rac trén nén mactensit. Mau ram ¢ nhiét do 500 °C
(Hinh 2.¢), su XUét hién cac hat cacbit tht Cap day dic trén nén da chi ra rang. khi tiang nhiét do
ram, ning lugng nhiét 16n s& thuc diy qué trinh khuéch tan cac nguyén tir Cr va C ra khoi nén
méctensit nhanh hon [10], do d6, lam ting kha nang tiét pha [11].

Electron Image 2

Hinh 2. Anh SEM va phd EDX Ciia cdc mau gang: (a) mau M1; (b) mau M2; (c) mau M5;
(d) diém EDX mau M5; (e) phé EDX cuia diém 1; (f) phé EDX cuia diém 2
Dé 1am 13 hon vé cac hat cacbit thir cAp, mau sau ram & 500 °C ciing duoc kiém tra phd EDX
vGi mot s6 i tri nhu trén Hinh 2.d va két qua duoc thé hién trén Hinh 2.e-f. Tai cac vi tri kiém
tra, chi thiy su hién dién cua cac nguyén to Cr, Fe, C va Si ciing da chi ra su ton tai cacbit c6
trong t6 churc.

3.3. Két qud XRD

Dé 1am rd hon cac pha c6 trong to chirc cac mau nghién ciru, mot sé mau ciing duge mang di
kiém tra XRD. Két qua nhu thé hién trén Hinh 3.

Trén gian d6 XRD, v&i mau sau duc (Hinh 3.a) chi thdy c6 su ton tai cac dinh nhidu xa dic
trung cta ferit va cacbit (M7C3) ma khong thay xuat hién cac dinh nhidu xa dic trung cua
austennit. Két qua nay ciing gop phan khang dinh thém vé nhan dinh nén gang sau dac nhan duoc
1a péclit (nhu da nhan xét tai muc két qua hién vi quang hoc). V6i cac mau sau ram (Hinh 3.b-c),
su ton tai cac dinh nhiéu xa dic trung clia mactensit va cacbit ciing di duoc ghi nhan. Mic du
vay, so sanh vi tri va cuong do vach nhiéu xa dic trung gitta cac mau khi ram & nhiét do khac
nhau cling cho thdy: so sanh voi mau ram & nhiét d6 200 °C, vach nhidu xa dic trung cua pha
méctensit khi ram & nhiét d6 500 °C (Hinh 3.c) ¢6 xu huéng dich chuyén sang phai. Diéu nay 1a
do khi ram & nhiét d6 cao hon s& lam ting kha ning khuéch tan cac nguyén t& hop kim ra khoi
méctensit [10]. Két qua la lam giam mirc do x06 léch mang va giam hang so mang tinh thé. Hé qua
la 1am ting géc nhiéu xa 20. Ngoai ra, cac vach nhiéu xa dic trung ctia cAcbit tai mau ram & 500
°C ciing c6 cuong do nhidu xa Ién hon (dii khong nhiéu) so véi mau ram ¢ 200 °C. Nguyén nhan
1a do & nhiét d6 ram cao hon, kha ning tiét ra cac pha cacbit thir cap dién ra nhanh va nhiéu hon
(nhu da chi ra trén Hinh 2.b-c). Haim lugng cacbit ting s& lam ting cuong do nhiéu xa XRD.
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§V V: Ferit (sau duc)/Mactensit (sau ram)
N ¢ : Cacbit M7C3

Cuong d6 nhiéu xa

30 40 50 60 70 80
Géc nhiéu xa 20 (°)

Hinh 3. Phé XRD ciia cdc mau: (a) mau M1; (b) mau M2; (c) mau M5
3.4. Két qud do d¢ cimg
Quan sat sy thay dbi do cang & céc,ché' do r]hiét luyén khac nhau, cidc mau ciing dugc thyc
hién kiém tra d6 cung tho dai (HRC). Két qua thé hién trén Hinh 4.
Do cang

4 HRC
60 5

58
563 56.7
56 55
54
s | 516
43
M1 M2 M3 M4

8.8
M5  Loai miu

Hinh 4. Dg ciing Ciia cde mdu gang

So sanh gia tri do ciing v6i mau ban dau, gia tri d6 cing cua tat ca cac mau sau ram déu co sy
cai thién gia tang ro rét. Tuy nhién, & ving nhiét d ram thap (duéi 300 °C), gia tri d6 cing c6 xu
huéng giam nhe khi ting nhiét d6 ram. Diéu nay 1a do khuéch tan nguyén té hop kim ra khoi
mactensit lam giam mirc do x6 1éch mang trong khi su hinh thanh céac hat cacbit thir cap van con
it (Hinh 2.b) [10], do d6 c6 xu hudng lam do cung giam nhe. Khi ram ¢ viung nhiét 46 cao (trén
300 °C), toc do khuéch tan nhanh nho nhiét do cao da thic ddy su tiét pha cacbit thi cAp trén nén
méctensit voi mat do 1on va lam ting d6 cang. Két qua da chi ra, khi ting nhiét do ram tir 300 °C
dén 500 °C, gia tri d cimg ting tir 56,7 HRC 1én 58,8 HRC.

4. Két luan

Gang tring chira 29%Cr sau khi t6i tai 950 °C va ram & khoang nhiét d6 200 °C - 500 °C trong
thoi gian 3 gio deu nhan dugc t6 chuc bao gom cacbit so cap va cacbit thir cap phan bo trén nén
mactensit.
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Nhiét 6 ram c6 anh hudng rd rang dén té chire va dé cing cia gang trang chira 29%Cr. Nhiét
d6 ram tang c6 xu huéng 1am ting kha ning tiét ra cac hat cacbit thir cdp. Do do, c6 thé sir dung
nhiét &6 ram nhu 1a mot thong s6 cong nghé dé 1am thay doi to chie va co tinh ciia gang trang Cr
cao nham muc tiéu diéu chinh d¢ cing ciia gang phu hop voi nhu cau sir dung.

Nghién ciru trong khoang nhiét do ram tir 200 °C dén 500 °C cho thiy gi4 tri do cing dao
dong trong khoang tir 55 HRC dén 58,8 HRC. Gi4 tri 6 ctiing 16n nhit dat duoc khi ram ¢ nhiét
d6 500 °C trong 3 gio. Két qua cho thdy ving nhiét d6 ram da nghién ciru déu cho phép gang dat
dugc d6 cang chiu mai mon. Tuy nhién, mic d6 chiu mai mon s& tét hon khi ram & nhiét d6 cao
hon. Két gua nghién ctru cho phép nha san XUét c6 thé can nhic lya chon nhiét do ram phu hop
dé ngoai viéc dam bao kha ning chiu mai mon cho chi tiét thi van duy tri dugc cac tinh chét co
hoc khac & muc cao khi 1am viéc.
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