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Chapter IV Alloy Steels

§ 4-1 Introduction
4.1.1 Action of alloy elements In steel

1. Improving the properties of heat treatment process

1) Fining the grains of austenite
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2) Raising the guenching degree
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The effect of alloy elements on the isothermal transformation
diagram of austenite. a) effect of Ni, b) effect of Cr, c) effect of W
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The effect of alloy elements on the tempering
a) effect of Si, b) effect of Mo
4) Making second hardening TheEND
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| THEEND | Schematic of temper-brittleness of steel
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2. Raising the use properties of steels
1) Making the steel strengthened

(1) Solid solution strengthening
Mﬂ‘ Si 350
220
- / 300 4
4 :
250 =S
180 & \\ Q
w 160 T § 200 \\\
= 140 ot 7 L2 2 1502
e
120 Ve B—A'4 S 100 \
L w - %___ Mo
100
—E: &k ~~~-"\Ei\/ln
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
wy (%) wMm (%) e
a) b) @

The effects of alloy elements on the hardness (a) and

Impact toughness (b) of the ferrite
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(2) Second phase strengthening
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(3) Fine grain strengthening
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2) Making the steel to get special properties

(1) Forming the stable structure of a single phase
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The effect of alloy elements on the austenite () field
a) Mn extending the field b) Cr narrowing the field

(2) Forming the close oxide film or intermetallic compounds
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: low alloy high strength steels
alloy carburizing steels

alloy temperable steels

alloy spring steels

bearing steels

\ super high strength steels

alloy structural steels

L~

|

cutting tool steels
model tool steels
measuring tool steels

Alloy steels alloy tool steels

. Stainless steels
heat-resisting steels
cold-resistant steels
\ wear-resisting steels
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\special property steels |
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4
§ 4-2 Alloy structural steels
4.2.1 Low alloy high strength steels
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4.2.2 al on carburlzmg steels
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Heat treatment process of the gear made from 20CrMnTi
| THEEND
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4.2.3 alloy telnperable steels
Fa4FHESSARHAMN. A hSEMEREF A (GB/T3077-19990
e EERAS (5D ol i) FEtERE 1;%2;
ASHBE -
R
+
c Mo Si Cr Ni | Mo |¥ HoAth fif:f /IEICK %
Sz I
=f
/lT[ﬂ'I
E=a=1
550 %“%’J\?E
0.42— | 1.40— | 0.17- 240 e
450Nz \- Tk 25 | 885 | 735 [ 10 |45 | a7 | 217 | a0CofE
0. 49 1.80 0. 37 it St = E%
L
40MnE | 0.37— | 1.10— | 0.17— BO. 0005— R
0.44 | 1.40 0. 37 0. 0035 (=g
g40 3J5150 25 | 980 | 785 [10 |45 |47 | zov ESEME’E
) - I
| ED%
R
40MnVE | 0. 37— | 1. 10— 0.17- 0. 05— | B0, 0005— alfoEs
0.44 | 1.40 0. 37 0.10 | 0.0035 40CT
FlEEaN
40CrNi
550
%E:}O T, 25 | 980 | 785 |10 |45 |47 | zo7 %
i ATk
ZECrEi
=
355iMn | 0. 32— | 1.10— | 1.10- TR
0.40 | 1.40 1. 40 [
Gk
570
200 Sk, 25 |g85 | 735 |15 |45 |a7 | =229 S
iH 3 EE=]
400 F0
BE5T
40CTNi
40Cr 0. 37— | 0.50— 0.17- | 0. 80— {EEHE
0. 44 a. 20 0. 37 1.10 inJﬁﬁ
L.hn
2e0 7}5120 25 |9es0 [7t85 | 9 |45 |a7 | =217 E%ﬁ
e i

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY



PHRIRI 5 TR

EEHFERGT (%) AR = IEER i%
=
. L=
c Mn si Cr i Mo V| HAth | ERR | E 'I%In
= P SR o
e fi® = jﬁ
ot A
iy HiE
JTTm G
T
s
ﬂ:
TT=
GO0
H’aimg
] 0.35— | 0.30— | 1.00— | 1.30— 900
38CrSi 0. 0% 0. 60 130 160 W | k. 25 980 | @36 |12 |50 |55 | 255 #%%
iz ?‘Tﬁ]
T
40Crin 0.37— | 0. 90— | 0.17- 550 %N
0.46 | 1.200 | 0.37 %gﬂo " 25 | 980 | &35 | 9 |45 |47 | zopg | H0CwME
3
300rMnSi | 0.27— | 0.80— | O, 80— | O, 80— EERE
0,34 |[1.10 | 120 1.10 Al 1’Sc
520 =i
Sﬁf # 25 | 1080 | %85 | 10 | 45 | 39 | zze | JUEDEE
i i%g
35CrMo 0.32— | D.40— | 0,17— | 0, 80— 0, 15— At
0,40 | 0LF0 | o037 | 1,10 o, 25 5 .
EEQ HE &
5,3330 & 95 | 980 | %36 |12 |45 |63 | 229 B
o 40CTNi
{’Egkﬁ
EFh3E
%
38CrMoAls | 0.35— | 0.30— | 0,20— | 1,35— 0, 16— A10, TO- %«%ﬁ
0,42 | 0.60 | 0,45 | 1,65 0. 25 1.10 =1,
£40 peine i
940 R E
W 30 | 980 | =35 |14 |50 |71 | 229 Iﬁa.‘ =
i JExt
], #T
=5
40CrNi 0.37— | 0.50— [ 0.17— | 0. 46— | 1. 00— g#ﬁk
0,44 [ 0.80 | 0037 | OL0FE | 1,40 500 ig%
820
|k 25 | @80 | 785 | 10 |45 |55 | 241 TE
i PWEE
=

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY



XXX prnizsTREm

RS %) Habd Pl e i/%
=
H @k | £ i@
C Mn 51 Cr i Mo v L | B o;’ jaus
e x| /C|EF o
= /C R i
T 75 i
/m B
T
=
ﬂ:
500 ﬁ$§@
. 0. 34— | 0.30- | 0,17 _ 3, 00— 220 e
STCNI3 |01 | 050 | o g7 | 1-20°L.60 | 3 py |k, 25 [ 1130 | 980 |10 | 50 | <7 | 269 %J%m@
i L “7
STSiMAZMo¥ | 0.33- | 1.80- | 0.60- 0. 40~ | 0. 05- TEE
oose | 1090 | 0090 bl |01z BEQ %E’J-‘%ﬁ
A A, -
5o 95 | 980 | 835 |12 |50 | 63 | 269 | EAF.
-E J{|‘f~.. E_[
it B
ANCrHiNe
400rMaMo | 0,037 | 0.090— | 0.17— | 0.90-1. 20 0. 20— 600 HUT
0.45 | 1.20 | 0.37 0. 30 8%50 X ot | ago | 735 |10 |45 | €3 | 217 ?r?q*r%}mﬂ
P R
SECrINidwh | 0. 21— | 0.30— | 0.17- | 1.35-1. 65 | .00 | 4. 50 550 Iﬁjﬁmm
0.28 10.60 |0.37 81530 g | 251080 | 930 11 45 | TL 269 FE,%JE%
i BEHF
A00rNiMab | 0.37— [ 0.85— | 0.17- | 0UB0-0.90 | 1. 95— | 0. 15— %‘,%Eﬁj%ﬁ
0.44 | 0,80 | 0.37 1.65 |0.25 con '_'T‘fF,zﬁjE
LT 5T
Wk |25 | 980 |85 12|55 |78 269 %ﬁ%«ﬂﬁ
i TERYEE S,
EaNNE
NER
RPN MATA | 0.42- | 0.60- | 0.17- | 0.R0- 2 20— | 0.10- 460 J{E%_‘g_
0.49 | 0,80 | 0.37 Hgl.so— .30 0,20 260 2 | 1o | 1030 | 7 |26 | 51 | 26 P?;E%E
: ook | ¥ el
i e

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY



PRI 5 TI2 5B

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY




A% mrmssTRER

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY




dx (_50 °C HTJ)
= PR HRC O 4 2/MPa O /MPa 55 (%) ¢(%) aw/J=cm™ -
/J.cm
15MnVB | {5 5 K {4 43 1133 1353 12. 6 51 95 70
40Cr R A A= 38 800 1000 9 45 60 =40

| _.‘, F

=
By

i3

)

by

SCHOOL OF MATERIALS SCIENCE AND ENGINEERING OF XI'AN JIAOTONG UNIVERSITY



LA

T MERSES TR

4.2.4 alloy spring steels
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4.2.5 Bearing steels
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§ 4-3 Alloy tool steels
4.3.1 Cutting tool steels

1. The service condition of the cutting tools

2. Property requirement for cutting tool steels

3. Typical alloy cutting tool steels
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1) High carbon low alloy steels
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The relationship between the hardness of T10, Cr
and 9SICr steels and the tempering temperature
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Heat treatment process of the W18Cr4V steel
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4.3.2 Model tool steels
1. The cold mold tool steels

1) Property requirement for the cold mold tool steels
2) Typical cold mold tool steels
3) Heat treatment process

2. The hot mold tool steels

1) Property requirement for the hot mold tool steels
2) Typical hot mold tool steels

3) Heat treatment process
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X

S 4-4 Special property steels
4.4.1 Stainless steels

1. Principle of electrochemical corrosion

Qu = <
b= TR o I -
T = gFe+++_ = =
t42e a=H~—
1 i S Fe_  ~ Fe © =2H+ 2~ Fe
=] | ~[ }~
—lel— .__e — YXUr | YT ‘ J - Q} :/ ?
[z —l--Fe =~ [ e */&
—— FH'+e— [ —
e o [Fleo o [Hlao
- 3, 3 g K
£ £ £ ﬁ ﬁ,}i-ﬁq
a) b) @

The electrochemical corrosion of the pearlite
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~ THEEND Electrode voltage of different metals




Fa 185 AR HERNLFRS (GB/T1220-1992)
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8 | acr13 0. 11-0.17 =020 =0.80 =0.035 =0.030 1z.00-14. 00 | - - - -
1Cr1THIZ 0.90-1.00 =080 =0.80 =0.085 =0.030 16. 00-18. 00 | 3.50-2.50 - - -
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1) Martensite type stainless steels

2) Ferrite type stainless steels

3) Austenite type stainless steels

Schematic of Cr-poor at grain boundary and
- THEEND Intercrystalline corrosion In stainless steel
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4.4.2 Heat-resisting steels
1. The failure of parts at high temperature and prevention
1) Oxidization at high temperature
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2. The heat-resisting steels most in use

-
Fa-z1 FAWEBRBNLERS AR, PR A SRR (CB /T 12211992)

=R (%D
2
s Ial S5 M Cr Mi Mo ki Ti Hith
_ / / 11. 507
1irls 20,15 21,00 21,00 13. 50
0.187 ) ) 12. 007
2Crl3 0. 25 =1.00 =1.00 14.00
= 0.11 10. 00~ - -
,F; 1Cr11MaV 0.18 = 0.80 < 0. 680 11. 50 0. 85070, 70 0. 2570. 40
Eivl
0.12 - 11.00 - .
1CTr1ZWMov 0.18 = 0. 50 0. 50 0. 30 13. 00 0.50 0.70 0,18 0. 30
0. 35 - 5. 007 /
QUrgsi s U. b0 200 s 10. 00 = 0. 60
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11.507
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- 19. 00 -
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0. 40 13. 00™ - .
ACr1ANi11AWEZMa 0. B0 <L 0. 20 =Z0.70 15. 00 13. 00 716, 00 0. 25 0. 10
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o
E
g 15. 50 - Cu3. 007E. 00
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16. 007 - Cusl 0. B0
0CTr1TNiTAL <.0.09 1. 00 1,00 18. 00 6. 5077, 76 410.7571. 50
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1) Martensite type heat-resisting steels

2) Ferrite type heat-resisting steels
3) Austenite type heat-resisting steels
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4.4.3 Cold-resistant steels
1. Property requirement for the cold-resistant steels

2. The main factors affecting low temperature toughness
200

0 0.8 1.6 2.4 32

*
?
&

saTBwy %) &P

The effect of alloy elements on the ductile-

IEED brittle transition temperature
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3. The cold-resistant steels most in use
F B EEENBEARSSIEIES . DEERE R BRI (B 3531—1998)
{2 0 (%) FrEEM: B BRI HHT 1
[P p s | g | PREE o | &5 | Al T
. . /mm Thb MPa | (%) | SRR '
C Si | Mo | Ni | Al | His \Pa e S
TEF ' T F ' TNF
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—40
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e =
I6MDR | o0 |~ |~ 0015 0030 | 0025 | Ek+AE 21 24
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/ = == T
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Fr N = =
0915133 o | | oos| 70| 0030 | 0025 | IEX-H 22 —30 27
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4.4.4 Wear-resisting steels
1. Property requirement for the wear-resisting steels

2. The features in property and composition of ZGMn13
3. The heat treatment of ZGMn13

)

20
Y
Schematic of structure of high \

manganese steel after being Sé 5
heated at 1000C and quenched | £ 7+M\\
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