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TOM TAT

Thép C45 la vat liéu cacbon trung binh duoc sir dung rong rdi trong ché tao truc, banh rang,
chi tiét truyén dong va cdc bg phdn chiu tdi vira nho kha ndng nhiét luyén tot. Bai bdo trinh bay két
qua ddanh gid kim twong suw bién doi t6 chire té vi va dé ciing ciia thép C45 trude va sau cdc trang
thai nhiét luyén co ban bcing kinh hién vi quang hoc MT7000 Series. Mau thép dwoc chudn bi theo
quy trinh kim twong gom cdt mdu, mai, danh bong, tam thic bang dung dich Nital va quan st & cdc
dé phéng dai 5X, 10X, 20X, 50X va 100X; dong thoi dé ciing dwoe doi chiéu theo thang Rockwell
C. Két qua cho thdy mdu truée nhiét luyén c6 té chire Ferit + Peclit véi dg ciing khodng 20-35
HRC, thudn lpi cho gia céng cdt got. Sau tdi, t6 chirc chuyén bién manh sang Mactenxit dang kim,
dé cirng tang 1én khodng 52—58 HRC nhung di kém tinh gion va iing sudt duw cao. Sau ram, t6 chirc
Mactenxit ram, Troostite ram co do cu"ng khodng 40—48 HRC, thé hién sw cdn bdng 16t hon giita do
cibng va do dai. Két qud nghién ciru khang dinh ptho’ngphap hién vi quang hoc két hop do dé cing
la hwong danh gia hiéu qua, truc quan va phit hop véi diéu kién dao tao, thiee nghiém va kiém tra
chat lwong vat liéu trong co khi ché tao.

T khoa: Thép C45; Nhiét luyén; Té chirc té vi; P ciing,; Kim twong; Kinh hién vi quang
hoc MT7000 Series.

ABSTRACT

C45 steel is a medium-carbon steel widely used for shafts, gears, transmission components,
and moderately loaded machine parts due to its good response to heat treatment. This paper
presents a metallographic evaluation of the microstructural evolution and hardness variation
of C45 steel under basic heat-treatment conditions using an MT7000 Series optical microscope.
The specimens were prepared following standard metallographic procedures, including cutting,
grinding, polishing, and Nital etching, followed by optical observation at magnifications of 5X,
10X, 20X, 50X, and 100X. Hardness was measured using the Rockwell C scale. In the as-received
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condition, the steel exhibited a ferrite-pearlite microstructure with a hardness of approximately
20-35 HRC, which is suitable for machining. After quenching, a pronounced transformation into
needle-like martensite occurred, increasing the hardness to approximately 52—58 HRC while also
increasing brittleness and residual stresses. After tempering, a tempered martensite/troostite-like
structure was obtained, with hardness ranging from 40 to 48 HRC, indicating a better balance
between hardness and toughness. The results confirm that optical metallography combined with
hardness testing is an effective and practical approach for evaluating the relationship among
heat treatment, microstructure, and mechanical response of C45 steel in mechanical engineering

education and quality inspection.

Keywords: C45 steel; Heat treatment; Microstructure; Hardness, Metallography, MT7000

Series optical microscope.

1. PAT VAN PE

Thép C45 1a thép cacbon trung binh
duoc su dung rong rai trong ché tao céc chi tiét
co khi nhu truc, banh ring, chét, bu 1ong va cac
bd phén chiu tai nho sy can béng gitra do bén,
kha nang gia cong va kha nang dap ung nhiét
luyén. Trong thyc té san xuat, nhiét luyén la
mdt trong nhitng phuong phap quan trong dé
cai thién co tinh cua thép C45 thong qua viéc
diéu chinh to chirc té vi, ddc biét 1a sy chuyén
bién giira ferit, peclit, austenit va mactenxit [1].

Céc nghién ctru di cong bd cho thay cac
thong s6 nhiét luyén nhu nhiét d6 austenit hoa,
thoi gian gilr nhiét, tde do nung va moi trudng
1am nguoi c6 anh huodng truc tiép dén t6 chirc
té vi va co tinh cta thép C45. Blaoui va cong
su chi ra rﬁng khi téc do lam ngudi tang, lugng
mactenxit hinh thanh nhiéu hon, lam tang do
cimg nhung dong thoi ¢ thé 1am giam d6 déo
cua vat liéu [1]. Magnabosco va cong su cling
sir dung két hop thir 46 cimg va phan tich hién
vi quang hoc dé danh gia qua trinh nhiét luyén
cam tng d6i v6i thép ISO C45, cho thdy mdi
lién hé chat ché gitra lich str nhiét, t chirc kim
tuong va do cung sau xu ly [2].

Bén canh qua trinh t6i, ram sau t6i cling
gilt vai trd quan trong trong viéc 6n dinh t6
chtrc mactenxit, giam tng sudt du va cai thién
su can bang gitra do ctng va do dai. Wozniak
va cong su da nghién ctru co tinh cua thép C45
¢6 to chirc mactenxit sau qué trinh ram cao, qua
do khéng dinh sy thay ddi ché d6 ram c6 anh
hudng rd rét dén ciu tric va tinh chat co hoc
cua thép [3]. Tuong tu, nghién ctu trén thép
S45C vat liéu twong duong gan v6i C45 cho
thay nhiét d6 nung, thoi gian giir nhiét va moi
truong 1am ngudi 1am thay doi manh t6 chirc té
vi va do cting cua thép [4].

Tuy nhién, trong diéu kién dao tao k¥
thuat va kiém tra chat lugng co khi co ban, viéc
xay dung mot quy trinh danh gia tryc quan, dé
trién khai bang phuong phép kim twong quang
hoc van c6 ¥ nghia thyc tién. Trén co so do,
nghién ctru nay tap trung danh gia su bién doi
t6 chtc té vi va do cung cua thép C45 trudc va
sau nhiét luyén bang kinh hién vi quang hoc
MT7000 Series. Két qua nghién ciru nham lam
16 moi quan h¢ gitra ché d6 nhiét luyén, t chirc
té vi va do ctmg, dong thoi gop phan cung c¢d
kha niang tmg dung phwong phap hién vi quang
hoc trong gidng day, thuc nghiém véat liéu va
kiém tra chét luong chi tiét co khi.
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2. LY THUYET VA PHUONG PHAP
NGHIEN CUU

2.1. Co s& ly thuyét

Thép C45 1a thép cacbon trung binh, c6
kha ning dap tng t6t v6i cac qua trinh nhiét
luyén nho su chuyén bién to chuic giita ferit,
peclit, austenit, mactenxit va mactenxit ram.
Céc thong sd nhiét luyén nhu nhiét do austenit
hoa, thoi gian giir nhiét va tdc do 1am ngudi co
anh huong truc tiép dén to chire té vi, do cling
va co tinh cua thép [1], [2]. Khi t6i, austenit
chuyén bién nhanh thanh mactenxit, lam ting
d6 ctng nhung dong thoi 1am ting Gng suat du
va tinh gion. Qua trinh ram sau t6i giup 6n dinh
t6 chure, giam Gng suat bén trong va cai thién
sur can bﬁng gitra d6 cing, do bén va do dai [3],
[5]. Cac nghién ctru gan day vé thép C45 va
thép cacbon trung binh ciing khang dinh médi
lién hé chit ché gitra t6 chirc t& vi sau nhiét
luyén va su thay doi do cimg cuia vat lidu [6],

[7].
2.2. Vit liéu va thiét bi nghién ciru

Vit liéu nghién ctru 1a thép C45 & ba
trang thai: trudc nhiét luyén, sau toi va sau ram.
Day 1a nhoém thép dugce sir dung phd bién trong
ché tao truc, banh rang, chi tiét truyén dong va
cac bd phan chiu tai trung binh nho kha nang gia
cong va cai thién co tinh bang nhiét luyén [1],
[6]. T6 chirc té vi ciia mau dugc quan sat bang
kinh hién vi quang hoc kim twong MT7000
Series ¢ cac d6 phong dai 5X, 10X, 20X, 50X
va 100X. B§ cung dugc xac dinh theo thang
Rockwell C nhim ddi chiéu véi sy bién doi to
chirc té vi sau timg trang thai xir Iy nhiét [8].

s = 2

Hinh 1. Kinh hién vi MT7000SERIES
2.3. Quy trinh chuin bi miu kim twong

Mau thép C45 duoc chuan bi theo quy
trinh kim twong gém cat miu, mai, danh bong
va tam thyc. Bé mat mau duge mai tur cép tho
dén min, sau d6 danh bong dé loai bo vét xudc
co hoc va tao diéu kién quan sat t6 chirc té
vi. Mau duoc tdm thuc béng dung dich Nital
nhim 1am rd ranh gidi hat va tang twong phan
gitra cac pha nhu ferit, peclit va mactenxit. Sau
khi tim thyc, mau duoc rira sach, sy kho va
quan sat bang kinh hién vi quang hoc. Anh kim
tuong thu duoc duoc st dung dé so sanh sy
bién ddi t6 chirc té vi cuia thép C45 trudc nhiét
luyén, sau t6i va sau ram, déng thoi lién hé véi
két qua do do cimg [2], [9].

2.4. Phwong phap nhiét luyén va phan tich

Nghién ctru dugc thyc hién trén thép
C45 & ba trang thai: trude nhiét luyén, sau toi
va sau ram. Mau sau khi austenit hoa duoc lam
ngudi nhanh nhim tao chuyén bién mactenxit,
sau d6 ram dé giam tmg sudt du, 6n dinh t6 chirc
va cai thién sy can be‘ing gitra do cing va dg dai.
Céch tiép can nay phu hop voi ban chit cua
qua trinh t6i — ram ddi voi thép cacbon trung
binh, trong dé tbc do lam ngudi, moi truong
t6i va ché d6 ram c6 anh huéng tryc tiép dén ty
1€ mactenxit, d§ ciing va muc do Ung suét bén
trong vat liéu [10], [11].
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Sau nhiét luyén, mau duoc quan sat
bang kinh hién vi quang hoc MT7000 Series
O cac do phong dai khac nhau dé nhan dang su
thay d6i hinh thai t6 chic té vi. Pong thoi, do
cing dugc xac dinh theo thang Rockwell C va
d6i chiéu voi anh kim twong. Viée két hop gitra
quan sat to chuc té vi va do d6 cimg cho phép
danh gia mdi quan hé giira ché do nhiét luyén,
su hinh thanh mactenxit/mactenxit ram va phan
ung co hoc cua thép C45 [12], [13], [14].

3. KET QUA VA THAO LUAN

Két qua quan sat kim tuong cho thiy
thép C45 co sy thay doi rd rét vé to chirc té
vi sau qua trinh nhiét luyén. O trang thai trudc
nhiét luyén, mau thép c6 td chirc chu yéu gdm
ferit va peclit. Trong do, ferit 1 pha sang, mém
va déo; peclit 1 ving t6i hon, gop phan tao do
cing co ban cho vat li¢u. Té chire ferit—peclit
twong ddi 6n dinh nay phi hop véi trang thai
thép C45 trude xur 1y nhiét, c6 d6 cung thap va
thuan loi cho gia cong cat got.

Sau qua trinh t6i, t6 chiic té vi chuyén
bién manh sang dang mactenxit hinh kim. Day
14 két qua ctia qua trinh 1am ngudi nhanh tir viing
austenit hoa, khién cacbon khong kip khuéch tan
ra khoéi mang tinh thé. Su hinh thanh mactenxit
lam do cing ting dang ké, tir khoang 15-20
HRC & trang thai ban dau lén khoang 52-58
HRC sau t6i. Tuy nhién, t6 chirc nay ciing lam
tang tmg suit du va tinh gion cta vat liéu.

Sau qué trinh ram, to chirc mactenxit
duoc 6n dinh hon, chuyén dan sang mactenxit
ram hodc td chuc dang troostite ram. P cting
giam con khoang 35-48 HRC, thap hon so véi
sau t6i nhung van cao hon dang ké so véi trang
thai ban dau. Didu nay cho thay ram sau toi
giup gidm tinh gion, cai thién do dai va tao su
c4n bang tot hon giita d6 cimg va kha ning 1am
viéc cua thép C45.

Hinh 2. Két qua do dg ciing sau ram va t6i

Bang 1. Moi quan hé gitra trang thai nhiét luyén,

16 chirc té vi va dg ciing ciia thép C45.

Hinh 3. T6 chire té vi ciia thép C45 truede va sau

Tra’n.g Té chire té DY cung Nhan xét co
thai | chiyéu ~ fTUNE “tinh
miu y binh

S| Ferit+ | 2035 | Deo, dai, @

N Peclit HRC gia cong
luyén
Rét cing,
Sau 161 Mactenxit | 52-58 chong mai
hinh kim HRC mon tot,
nhung gion
Mactenxit D6 cline va
Sau ram ram / 40-48 dé) dai %én
Troostite HRC B
bang hon
ram
Saw nhifl loyin
Thwing hia
Piing gl 5% | 1
Tisi
Pheing dyl 4% | |

nhiét luyén o do phong dai 5X
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Hinh 4. Té chike té vi ciia thép C45 triede va sau
nhiét luyén ¢ do phong dai 100X

Tir cac két qua trén co thé thdy, su thay
d6i 46 cimg cua thép C45 ¢o quan hé truc tiép
v6i su chuyén bién t6 chirc té vi. T6 chire ferit—
peclit cho do ctmg thdp nhung thuan loi cho
gia cong; t6 chirc mactenxit sau toi tao do cling
cao nhung lam ting tinh gion; trong khi to chirc
mactenxit ram sau ram tao co tinh 6n dinh hon.
Nhu vy, viéc két hop quan sat kim twong bang
kinh hién vi quang hoc MT7000 Series véi do
d6 ctmg cho phép danh gia rd rang mdi lién hé
gitra ché do nhiét luyén, t6 chirc té vi va co tinh
cua thép C45.

4. KET LUAN

Tir két qua danh gid to chirc té vi va do
cung cua thép C45 sau nhiét luyén, co6 thé rit ra
mot sO két luan chinh nhu sau:

(1) O trang théi trude nhiét luyén, thép
C45 ¢6 t6 chirc chu yéu la ferit — peclit, do cing
khoang 20-35 HRC, thé hién dic trung cia vat
lidu c6 kha ning gia cong tot.

(2) Sau qua trinh toi, t6 chire té vi chuyén
bién r6 sang mactenxit dang kim, 1am d¢ ctng
tang lén khoang 52-58 HRC. Tuy nhién, trang
thai nay di kém voi ing sudt du 16n va tinh gion
cao.

(3) Sau ram, t6 chuc chuyén sang
mactenxit ram hodc dang troostite ram, do
ctng giam con khoang 40-48 HRC, nhung co
tinh tong hop dugc cai thién nho sy can bang
t6t hon gitta d6 ctng va do dai.

(4) Két qua nghién ctru cho thay su thay
d6i d6 cimg cua thép C45 co quan hé chit chd
v6i sy bién d6i t6 chirc té vi dudi tac dong cua
nhiét luyén.

(5) Phuong phap két hop kinh hién
vi quang hoc MT7000 Series v&i do do cling
Rockwell C 1a huéng tiép can phu hop, truc
quan va hiéu qua trong nghién ctru thyc nghi¢m,
giang day vat liéu hoc va kiém tra chét luong
chi tiét co khi. <
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