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Chapter 1 Materials of Chemical Equipment
and Selection

e i s bk B H ik

1.1 General

B &

Chemical industry is a fundamental industry. There are many different types of
chemical equipments to meet the various needs of chemical production. The operating
conditions of chemical equipments are relatively complicated. According to the operating
pressure, the chemical equipments can be classified into vacuum, normal pressure, low-
pressure, medium pressure, high pressure and ultra-high pressure vessel. According to
the operating temperature, the chemical equipments also can be classified into low-tem-
perature, normal temperature, medium temperature, high temperature pressure vessel.
The characteristics of most media in chemical process are corrosive, flammable, explo-
sive, toxic, poisonous and so on. Sometimes, the chemical equipment has to meet the
specific requirements on temperature, pressure and corrosion-resistance. These above
requirements occasionally conflict with each other and certain conditions change con-
stantly.

The operational diversity makes the selection of appropriate materials for chemical
equipment more complicated, which is an important part in designing of chemical equip-
ment. The selection process must be based on the characteristics of different materials
and their applications. The principles of application, safety and economy should be fol-
lowed when selecting materials for chemical equipment.

The general requirements for the selection of chemical equipment materials are:
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a. Material should be consistent with the resources and supplement.

b. Material should be reliable, and its operational life span should be guaranteed.

c. Material should have sufficient strength, excellent plasticity, toughness and cor-
rosion-resistant capability.

d. Material should be easy to be manufactured and processed with good welding per-
formance.

e. Material should be economic.

1.2 Material Properties
sley b
LAY M BE
Material properties are mechanical properties, physical properties, chemical proper-
ties and processing performance, etc. .

1.2.1 Mechanical Properties
7 %M

Component parts will deform till to break when the load exceeds a certain limit.
The performance of materials to resist external forces including deformation and resist-
ance force is called mechanical properties. The material mechanical properties are
evaluated with elasticity, plasticity, strength, hardness and toughness under external
forces.

The deformation till to failure process of metallic materials under external forces
can be divided into the following three stages:

a. Elastic deformation

b. Elastic-plastic deformation

c. Breakdown

Generally there are two forms of breakdown. Brittle breakdown means that no
obvious plastic deformation occurs before breakdown, and roughness breakdown means
that the breakdown is the final result of accumulated extensive plastic deformation.

1. Strength

Strength is a characteristic of solid material resisting the plastic deformation and
fracture under the external forces. The yielding strength and ultimate strength are gen-
erally as strength indexes.

(1)Yielding point (R..)

The phenomenon that the obvious plastic deformation is still existed even the load-
ing stops increasing or increases very slowly is called “yielding”. The stress when the
metal starts to yield and the plastic deformation occurs is called “yielding point” indica-
ted by R, (MPa). The yielding point represents the capacity of materials to resist plas-
tic deformation.

F,
S,

where F, is the minimum load which makes the test piece still continue to stretch when

R.. = (1.1

the load does not increase or even decrease, N; S, is the cross-sectional area of the test
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piece, mm?,

In addition, most metal alloys have no clear yielding point except some annealing or
hot-rolled low carbon steels and a few other alloys. Therefore, the stress under the
residual elongation of 0. 2% is called “conditional yielding point” expressed by R, , (MPa).

F
F% (1.2)

where F, , is the load generating the residual elongation of 0. 2% ,N.

R

R.. and R, , are two important mechanical properties in the evaluation of engineer-
ing materials.

(2)Ultimate strength (R,,)

The maximum stress value when metal material is tensioned to ultimate breakdown
is called the ultimate strength indicated by R, (MPa). Ultimate strength is commonly
used in pressure vessel design as a performance index. It is the maximum stress before

the test piece being tensioned to breakdown.
R =2 (1. 3)

where F,, is maximum load before the test piece being tensioned to breakdown, N.

R, is used as an important mechanical property for engineering materials. Metallic
materials used in engineering are not only expected to have an excellent R, but also
required to have an appropriate ratio of yielding point to ultimate strength (R, /R,).
The smaller the ratio is the more plastic reservation of material will be. And the materi-
als are less liable to the brittle failure. However, if the ratio index is too low the
strength capability of the material cannot be fully exerted. On the contrary, the larger
ratio makes the strength of the material be fully used and limited plasticity reserve. In
engineering practice, the higher ratio is still expected .

(3)Creep strength (R})

The yielding point, ultimate strength, plasticity, elastic modulus and other proper-
ties of materials will change significantly under high temperature. Usually, with the
temperature increasing, the strength and plasticity tend to increase and decrease respec-
tively. Furthermore, the metal materials under high temperature have another impor-
tant characteristics called “creep”. The creep phenomenon refers that under a high tem-
perature and a certain stress the strain increases as time goes by. In another word, the
metal performs plastic deformation gradually under high temperature and inner stress.

Creep occurs even at room temperature for certain metals such as lead and tin.
While for iron, steel and many non-ferrous metals the phenomenon of creep only appears
when the temperature exceeds a certain value. For example, creep occurs only when the
temperature reaches 350~400 °C for carbon steel and ordinary low alloy steel, 450 °C
for the low alloy Cr-Mo steel and 550 °C for high-alloy steel. For light-alloy steel the
creep occurs just when the temperature is higher than 50~150 °C.

It is not rare that metal materials are damaged due to creep in practical engineering
production. For example, the diameter of steam pipes at high temperature and high
pressure will increase gradually as time goes by due to creep, which lead to the thickness

of pipe and decreased pipe broken ultimately.
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The ability of material at high temperature conditions resisting to slowly plastic deforma-
tion is called creep limit indicated by R, (MPa). There are two definitions of creep limit:

a. The stress causing the specified deformation speed under operating temperature
[v=1X10""mm/(mm * h) or v=1X10"*mm/(mm ¢+ h) ] ;

b. The stress causing specified total deformation within certain period and operating
temperature.

For example, at a certain temperature, the maximum stress causing the total
deformation of 1% within the 10000 hours or 100000 hours.

Material creep strength is related to the temperature and the speed of the creep.
Table 1.1 illustrates the creep limit of acid-resistant stainless steel (S32168) at a variety

of temperatures and different speeds of creep.

Table 1. 1 Creep limit of S32168

Creep velocity The creep limit/MPa

mm/(mm * h) 425 °C 475 °C 520 °C 560 °C
10°° 176 91 33 6
1077 = 88 19 —

(4)Creep rupture strength (Rp)

At a given temperature, the stress which causes the test piece to break with time is
called the creep rupture strength expressed by R, (MPa). Generally speaking, the life
span of steels applied in the chemical vessels is designed to 100000 h and the stress under
which the piece breaks at 100000 h is expressed as Rp.

Creep rupture strength is the capability of the material to resist tensile loading
under a certain temperature. Considering the same conditions, the material which lasts
longer has the greater ability to resist creep rupture.

(5)Fatigue strength (o-,)

Many components and parts are often alternatively loaded both in quantity and
dimension. The alternative load leads to the metal material breakdown at the stress level
even far less than the yielding point. This phenomenon is called “fatigue”. The maxi-
mum alternative stress not causing fatigue breakdown after innumerous alternative load
test is defined as “fatigue limit”.

In fact, it is impossible to do innumerous experiments, therefore the maximum
stress not causing fatigue breakdown after 10° ~ 10® alternative cycle tests is used as
fatigue limit or fatigue strength. For example, bending fatigue strength(s_,, MPa)is
defined as the maximum strength which will not cause fatigue breakdown after 5X 10°
alternative pure bending cycles. The bending fatigue strength of steel is usually equal to
or less than the half of the ultimate strength.

The fatigue characteristics of material are affected by many parameters such as alloy
composition, surface condition, organizational structure, the amount and distribution of
impurities and stress concentration and so on.

2. Plasticity

Plasticity is an irreversible permanent deformation occurred before ultimate break-

down of material. The usual indexes of plasticity are percentage elongation(A) and sec-
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tional shrinkage rate (2).

(1) Percentage elongation (A)

The percentage ratio of the total elongation length to original length of piece is
called percentage elongation rate expressed by A (%) when the test piece is tensioned
until breakdown.

A=%X100% (1.4)
where [, is the length of test piece after deformation, mmj/, is the original length of test
piece, mm; (/,—,) is the absolute elongation of piece when break which is the plastic
deformation of test piece from beginning to breakdown.

The value of A is related with the format of test piece.

(2)Shrinkage of sectional area (Z)

The ratio of the decreased cross-sectional area to the original one of a test piece
when the piece breaks is defined as shrinkage of sectional area expressed by Z(%).

z=52"5%100% (1.5)

S,
where S, is the minimum cross-sectional area of test piece after break, mm?; S, is the
original cross-sectional area of piece, mm?,

The sectional shrinkage rate is not affected by the test piece size which means it is
more reliable and sensitive to plasticity of materials.

Both percentage elongation rate and sectional shrinkage rate are often used to evalu-
ate the metal plasticity. The larger parameters illustrate the better plasticity of metal
materials. The sectional shrinkage rate of pure iron is almost 50% , and that of the ordi-
nary cast iron is less than 1%. The plasticity of pure iron is far better than that of cast
iron.

(3)Cold bending

Cold bending is also one of the index of plasticity for metal materials and welds.
The cold bending property could be measured by the cold bending test. Metallic materi-
als and welded joints at room temperature are bended with a certain radius. The larger
deformation of bended test piece before the first crack appears means the better plastici-
ty. Welded joint in bending test is evaluated by whether cracks appear with standardized
certain bending angle(¢=120° or 180°).

Cold bending test is an inspection not only for the pressure vessels but also for the
welding test plate and the production plate. (It is cold bending rather than impact test is
compulsory for the stainless steel. )

The plasticity index in engineering technology has important practical significance.
Firstly, good plasticity is the basis for the molding process smoothly, such as bending,
forging, stamping, welding, etc.. Secondly, the perfect plasticity prevents the parts
from sudden breakdown caused by plastic deformation. Therefore, the pressure vessel
and parts in static load require a certain degree of plasticity. However, the strength of
material will decrease if the plasticity is too high, which is disadvantage to the pressure

vessel.
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3. Hardness

The hardness is the capacity of the resistance to deformation or rupture when a hard
object is pressed into surface. It is known as the ability of material to resist the local
deformation, indentation or scratch under the external force. Hardness illustrates
whether the material is soft or hard. Hardness is not a simple physical index but rather
an overall performance index comprehended with elasticity, strength, plasticity and
stiffness of material.

The hardness of material is commonly measured by putting certain pressure head in-
to metal surface, and then to measure the area or depth of the indentation. Under the
constant pressure head, the larger or deeper indentation area means the lower hardness .
of material. According to the different pressure head and pressure, there are three types
of hardness indexes: Brinell hardness (HB), Rockwell hardness (HR) and Vickers
hardness (HV).

The measurement of Brinell hardness is to press a steel
ball with diameter (D) into metal surface with loading(F) as
shown in Figure 1. 1. During holding time with the provisions
of unloading, according to the indentation diameter d on test
piece surface, brinell hardness of materials can be calculated
with Formula (1. 6). In the experiment, if the material hard-

ness is no more than 450, steel ball indenter shall be used and
the Brinell hardness is expressed by HBS. If the brinell hard- I
ness of material hardness is higher than 450 and no more than d
600, carbide ball pressure head shall be used the Brinell hard-
ness is expressed by HBW. If hardness is higher than 650

Figure 1.1 Brinell hardness

HBW, the measurement is inaccurate and Rockwell hardness .
experiment

measurement shall be used at that time.

HBS(or HBW)=0. 102 £-=0. 102 2F (1.6)

A xD(D— VD' —d?%)

where F is loading, N; D is ball diameter, mm, the relationship between F and indenter

diameter D in experiment is F/D?*=0.102; A is indentation surface area, A=lnD(D—

2
v D*—d*), mm®; d is indentation diameter, mm.

Brinell hardness is very accurate and is used wildly. But it can not test metals with
great hardness, like HBW >650, and can not test the test pieces which are too thin,
Moreover, because its indentation is too large, it is very liable to damage the surface of
test piece.

Material hardness is one of the important performance indexes. Generally, high
hardness leads to high strength and good resistance to wear and tear. For most metals,
there is a certain relationship between hardness and strength. Therefore, the hardness
can be used to estimate the ultimate strength. Based on experience, their relationship is
approximately as follows:

For carbon steel, HBS<C140, R,== (3. 68 ~3. 76) HBS; When 140<C HBS<C450,



