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Figure 5-1. Microstructural views of steel and 
cast iron. A-In steel, the iron dissolves the 
carbon. (Buehler Ltd.) B-In gray cast iron, the 
carbon precipitates out as carbon flakes. (Buehler 
Ltd.) C-In ductile cast iron, the carbon precipi­
tates out as small round nodules. (Iron Castings 
Society) 

represents hundredths of a percent. In 1040 
steel, for example, the 1/40" means there is 
0.40% carbon in the steel. In 1018 steel, the 
1/18". indicates that the steel has only 0.18% 

T~
 
Identifies Percentage of 
major alloying carbon 
element(s) 

Steel Numbering System 

Figure 5-2. A steel's name usually consists of 
four digits. It supplies information about the alloy 
content and percentage of carbon. 

carbon, thus it is a low-carbon steel. There 
is approximately 0.60% carbon in 8660 steel, 
which would make it a medium-carbon steel. 

When the carbon content of the steel is 1% 
or more, three digits are needed to describe 
the carbon content. For example, 50100 steel 
contains 1.00% carbon. See Figure 5-4. 

A steel numerical name provides much 
information about the alloy content of the 
steel. Indirectly)the number tells you about 
the quality, strength, and corrosion resis­
tance of the steel. For example, 8622 steel 
has 0.22% carbon, 0.20% molybdenum, 
0.50% chromium, and 0.55% nickel. Molyb­
denum makes this steel strong at high tem­
peratures. Chromium improves its corrosion 
resistance, while nickel improves the steel's 
toughness. 

Comparing Steel and Iron 
The relationship of steel to cast iron and 

wrought iron is shown in Figure 5-5. The dif­
ference in the three materials is primarily 
based on the carbon content. Steel ranges 
from just above 0% carbon to approximately 
2% carbon. Most types of cast iron contain 2% 
to 4% carbon. Wrought iron contains essen­
tially no carbon. At approximately 6% carbon, 
the material becomes so brittle that it is rela­
tively useless. 

St~ 
Steel 1 

i 
Numerical 
Name i 
10XX I 

11XX \ 
13XX I 
23XX ~ 
25XX l 
31XX 

33XX 

303XX 

~ 
1\ 

~ 

40XX ~ 
41XX ( 

43XX r 
44XX ~ 

46XX r 
47XX l' 

48XX :1' 

50XX ( 

51XX ( 

501XX ( 

511XX C 

521XX C 

514XX C 

515XX C 

61XX C 

81XX 1\ 

86XX 1\ 

87XX :1' 

88XX :1' 

92XX S 

93XX :1' 

94XX :1' 
fI 

98XX :t' 

XXBXX 

XXLXX I 
E 

Figure 5-3. This 
steel to the first tz 



Chapter 5 What Is Steel? 71 

Wrought 
Iron 

1__-----, 
I ,St~e1, I ' I C~s"Ic~n I ' 1-.­

0% 1% 2% 3% 4% 5% 6% 

Carbon Content 

Figure 5-5. The basic difference in wrought iron, 
steel, and cast iron is their percent carbon content. 

Alloying Elements 
Most steel contains other ingredients in 

addition to iron and carbon. These ingredi­
ents are commonly called alloying elements. 
Most of the alloying elements in steel are pres­
ent in small amounts, but they have a great 
effect on the properties of the steel. Some of 
these alloying elements and their effects are 
summarized in Figure 5-6. 

Carbon, manganese, and nickel are added 
to steel to increase strength. To obtain better 
corrosion resistance or resistance to atmos­
pheric conditions, chromium or copper may 
be added. If lead or sulfur is added, the steel 
will have better machinability. To obtain bet­
ter physical properties at high temperature, 
tungsten or molybdenum are recommended. 

The greater the amount (percentage) of 
the alloying elements, the more profound 
their effect on the steel. However, it is 

Figure 5-4. The last two or three digits in a 
numerical name for steel represent the carbon 
content in hundredths ofa percent. Three digits 
are used when the carbon content is 1% or more. 

Steel Numbering System 

Key Alloys 

lOXX Carbon only 
llXX Carbon only (free cutting) 

centage of 13XX Manganeseon 
23XX Nickel 
25XX Nickel 

ists of 31XX Nickel-Chromium 

t the alloy 33XX Nickel-Chromium 
303XX Nickel-Chromium 

40XX Molybdenum 
el. There 41XX Chromium-Molybdenum 
660 steel, 43XX Nickel-Chromium-Molybdenum 
on steel. 44XX Manganese-Molybdenum 
teel is 1% 46XX Nickel-Molybdenum 
describe 47XX Nickel-Chromium-Molybdenum
100 steel 48XX Nickel-Molybdenum 

es much 50XX Chromium 

nt of the 51XX Chromium 

au about OlXX Chromium 
on resis­ 51lXX Chromium 
622 steel 521XX Chromium 
bdenum, 514XX Chromium 
1. Molyb­ 515XX Chromium 
igh tem-

61XX Chromium-Vanadium
corrosion 
he steel's 81XX Nickel-Chromium-Molybdenum 

86XX Nickel-Chromium-Molybdenum 
87XX Nickel-Chromium-Molybdenum 
88XX Nickel-Chromium-Molybdenum 

ron 92XX Silicon-Manganese 

iron and 
93XX Nickel-Chromium-Molybdenum 

. The dif­ 94XX Nickel-Chromium-Molybdenum-

rimarily 
Manganese 
Nickel-Chromium-Molybdenum

I ranges 
ximately Boron 

ntain 2% Lead 
s essen-

Figure 5-3. This table relates the alloy content in% carbon, 
it is rela­ steel to the first two digits in its name. 

Examples of Steel Names and Carbon Content 

Identification Number Carbon Content 

1040 
1018 
8660 
50100 

0.40% 
0.18% 
0.60% 
1.00% 
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Figure 5-6. This table lists the effects ofcommon 
alloying elements. 

unusual for steel to have more than 2% of 
any single alloying element. For example, 
phosphorous and sulfur are added to most 
types of steet but the amount added rarely 
exceeds 0.05%. The percentages of alloying 
elements for some common types of steel 
are listed in Figure 5-7. 

Types of Steel 
There are many different categories and 

types of steel. However, most steel is classified 
as either carbon steel or alloy steel, Figure 5-8. 

Ferrous Metallurgy 

elements. Therefore, it is less expensive th 
alloy steel. Alloy steel has special qualiti 
such as increased strength, corrosion resi 
tance, and the ability to resist wear at hig 
temperatures. 

Carbon steel is classified as low-carbo 
steet medium-carbon steet or high-carbo 
steel. There are many types of alloy steel 
such as structural steel and maraging steel 
See Figure 5-9. Stainless steel and tool steel' 
are so widely used that they can be consid· 
ered separate types of steel in themselves. 

Carbon Steel 
Carbon steel is the most common type 

of steel. About 90% of all steel made is carbon 
steel. It is sometimes called uplain carbon 
steel.u 

There are comparatively less other alloys 
present in carbon steel; carbon is the domi­
nant alloy. Most carbon steel is considerably 
less expensive than alloy steel. The three ba­
sic types of carbon steel are low-carbon steel, 
medium-carbon steel, and high-carbon steel. 

Low-carbon steel 
The largest percentage of all carbon steel 

is low-carbon steel. It contains between 0.05% 
and 0.35% carbon. Low-carbon steel lacks the 
ability to become as hard and strong as other 
steel. However, because it does not become 
very hard, it is easier to machine and work 
with in the manufacturing plant. Some char­
acteristics of low-carbon steel are listed in 
Figure 5-10. 

Low-carbon steel is the least expensive type 
of steel. For this reason, it has many uses. Ap­
plications include fence wire, auto bodies, gal­
vanized sheets, storage tanks, large pipe, and 
various parts in buildings, bridges, and ships. 

Low-carbon steel is not as strong and 
hard as some of the more expensive grades of 
alloy steet but it is not weak or low in quality. 
All steel-even low-carbon steel-is very 
strong and can be trusted to support a great 

Effects of Alloying Elements on Steel 

Alloying 
Element Effect on Steel 

Carbon Hardness, strength, wear 

I 
Chromium Corrosion resistance, harden-

I abilityability 
Lead Machinability 
Manganese Strength, hardenability more 

response to heat treatment 
Aluminum Deoxidization 
Nickel Toughness, strength 
Silicon Deoxidization, hardenability 
Tungsten High-temperature strength, 

wear 
Molybdenum High-temperature strength, 

hardenability 
Sulfur Machinability 
Titanium Elimination of carbide 

precipitation 
Vanadium Fine grain, toughness 
Boron Hardenability 
Copper Corrosion resistance, strength 
Columbium Elimination of carbide 

precipitation 
Phosphorus Strength 
Tellurium Machinability 
Cobalt Hardness, wear 

Carbon steel contains relatively few alloying deal of force. 
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Examples of Alloying Elements in Steel 

Steel Type of Steel 

Tensile 
Strength 
(x 1000 psi) C Mn P S Si Ni Cr Mo V 

1025 Plain Carbon 60-103 0.22-0.28 0.30-0.60 0.04 max 0.05 max 

1045 Plain Carbon 80-182 0.43-0.50 0.60-0.90 0.04 max 0.05 max 

1095 Plain Carbon 90-213 0.90-1.03 0.30-0.50 0.04 max 0.05 max 

1112 
Free Cutting 
Carbon 60-100 0.13 max 0.70-1.00 0.07-0.12 0.16-0.23 

1330 Manganese 90-162 0.28-0.33 1.60-1.90 0.035 0.040 0.20-0.35 

2517 Nickel 88-190 0.15-0.20 0.45-0.60 0.025 0.025 0.20-0.35 4.75-5.25 

3310 
Nickel-
Chromium 104-172 0.08-0.13 0.45-0.60 0.025 0.025 0.20-0.35 3.25-3.75 1.40-1.75 

4023 Molybdenum 105-170 0.20-0.25 0.70-0.90 0.035 0.040 0.20-0.35 0.20-0.30 

52100 Chromium 100-240 0.98-1.10 0.25-0.45 0.035 0.040 0.20-0.35 1.30-1.60 

6150 
Chromium-
Vanadium 96-230 0.48-0.53 0.70-0.90 0.035 0.040 0.20--0.35 0.80-1.10 0.15 min 

9840 

Nickel-
Chromium 
Molybdenum 120-280 0.38-0.43 0.70-0.90 0.040 0.040 0.20-0.35 0.85-1.15 0.70-0.90 0.20-0.30 

4140 
Chromium-
Molybdenum 95-125 0.38-0.43 0.75-1.00 0.035 0.040 0.20-0.35 0.80-1.10 0.15-0.25 
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PlFigure 5-7. This table shows the alloy content of common types ofsteel. ..... 
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