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An Investiration of Over-heatins and
Rock-like Fracture of Steel 18CrRNi/WA

Yeh ILi
(Research Institute of Taveh Steel HYorks)

Abstract

We compared the sensibility to over-heating and examined the rock-like

fracture of five sets of steel 18Cr2NiLWA produced by three diferent
processes (a mixture of open hearih and electric processes through RY vacuun
circulating deoxidization; basic electric process; and electric process plus
electric slag remelting) and two different methods of deoxidization (using
aluminum and titanium or aluminum alone)., Ixperiments indica*e that *he
conditions that cause this kind of steel to have serious over-heatine and
rock-like fracture are: (1) vhen the steel is heating at hioh temperatur-e,

rimary austenite arains are in fll ~rowth, (2) the steel contains ¥nS

]

inclusion which in the form of « 11 ~rains orecipitates at austenite rrain

b3

boundary, It is believed th
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titanium can meke the small amount of remanent titanium in steel retard the
growsh of anstenite srain in the process of heating at high temperature, and
at the same %irme the mode and distribution of MnS inclusion can thereby be
improved. Thus the sensibility to over-heaiing of this kind of steel is
reduced. Finally, the mechanism of this steel which helps to Torm rock-

like frac=ure is broucht into discussion,
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then steel 18Cr2Ii4WA melied br eleciric process (and deox

s

e

A bl

a0 1 o Tad g o L




e

RV s e T

using both aluminum and titanium) is changed to be melted by a mixture of
open hearth and electric processes (hereafter abbreviated as open-electric
melting) and (deoxidized by using aluminum alone) through the new technique
of RY¥ vacuum circulating deoxidizetion, in production, the production
efficiency is greatly increased and the qualiiy of steel is imoroved markedly.
But it shows greater sensibility to over-heating and its over-heating
temperature becomes as low as 100°C or so. In “racture check o7 this over-
heating steel, the characteristics of the macroscopic fracture are as what
shoved in Figure 1 (plate 41). On the matrix of fiber-like fracture, there
are grain-like grey cross-sections with different orientations and without
metal shining and they are usuelly called rock-like cross-section or rock-
(L
like fracture, TFor the purpose of finding out the reason of “orming the
rock-like fracture of this steel and the effective way of reducing the
sensibility to over-heating for open-electric melted steel, we studied the
Steels
over-heating fracture of five 13Cr2NiLVA 4 produced by d&i“ferent methods
and observed the microstruciure of fracture and the components and structure

o? the fine inclusions,

1, Experirent Methods
The chenical components, melting processes and deoxidization methods
of steel 18Cr2Ni4iWA used as testing material are shovn in the following
Table, Steel A and B are produced by using open-electric melting but they
are deoxidized by different ways. Steel C and D are both produced by same

basic electric process and deoxidized by dif“erent methods. The ingots of




these four steels are weichted 3 tons. After pouring when it is still red ,

it is sent to primary rolling shop ‘o be cut into square blocks of 160mm,

¥elting | Deoxidization

] Chemical Components % Process |Method
oces ethods

c|m|si| p| s |cr Ni| w Remal] Ti | N
A lo.1500.400.29] 0.013] 0.015]1.464.3001.05 0.009 o.oogoi g-ik |Use Al alone

Ho.

i lo.18l0.4500.28] 0.011] 0.008]1.52)4.21{1.11] 0,031 Jo.or8k o] ®-mmsk |Use both Al and Ti

¢ lo.14lo.400.27] 0.007| 0.014)1.55¢.25l0.96] 0.048 [0.02000.0134, wirtk |Use both Al and Ti

D [0.16]0.410.27] 0.015| 0.007{1.44}4.380.95] 0.060 0.0154 i |Use Al alone

E o.no.nlo.w 0,009} 0.00711.42}4.23)1.02] 0,009 *gﬁc wip-a K | Slectric slag parent
. i nmaterial use Al only

Note: S and P contained in steel E are analytic value of eleciric slag
steel parent material,

] a. open~clectric meliting, b, electric meliinz, c. electric melting
. 1 i 1 1 o
: plus electric slag remelting, g, not analysized, e. acid dissolved

and the heating temperature of the ingois is 1280°C. The 160mm square blocks

B ] L4 n ? > > o 3 o -
. are further cut into blocks of 20mm™ or into sample pieces of which the |

3 diametre is 18mm used to test over-heatin~ and fracture. And testing pieces.

throuch different austenizing temperature treaitment are mzde into lye (=2
= g

=
=0

transliteration of Chinese sound) ivpe shock *es:iing sarples. Steel s

first melted by basic electric process and deoxidized by using aluminum only

N and then, afier electric slat remelting, rolled inio blocks of IQOrJrv and

finally i% is rolled into cylindericel sieel of which the diametre is 110mm

used zs sarmples.

fter extraciion and compound molding, the fracture is exerined by

using China made transmission electron microscope, and diffra ction analysis

b of selected recion is also made. 3efere this, *he mierostructure and -rain




- situation of the testing samples are

microscove.

2. Results of Experiment
2.1 The Sensibility of the steel to Over-heatin

Steels produced by different

all investisated by using metallosraphic

e:st
processes are wron~at into fracture

testing samples of ¢16%x120rm, After

Ky

:steel I,,——l‘——-;"“x
* after. 2
—| secohd treatiment

in salt bath they

are respectively

he

PO A

ating and retaining temperature at

- ho

1100, 1150, 1200, 1250, 1300 and

@

: 1350°C for 70 minutes 2nd air cooling 5
| 7? epitment
N (first treatment), they are broken B
< for examining their fractures, One < ht,
3 k
{ h3lf of them are wrou~hit into lve's &
3 ‘Ei)
R N L . . .
~r shock tesiing samples and exanine thelr g
Q hent
) 4>
tenacity value., The other half are "
K
again throuh temperature retaining at <
(0] o Z ° = '3 =H t
950YC for 50 minutes and air cooling;
azzin 850°C for 60 minutes and air 1100 1200 1300
cooling; and azain 170°C for 150 first treatment temperature.®
rinufes and air coolin ithen Tirure 2 Comparison of sensibility
to over-heating of steel
neasure their ifenacity value and A,3, and B
i examine their fractures, and the results ave vhat as showm in Fi~ure 2,
Of steel A, afier a treatment at 1350°C, the shock tenacity walue

o~
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rapidly becomes low,and correspondingly the fracture becomes typical

like fracture and it camnot even irprove after second treatment. The
austenite grain begins coarsening vhea it is at 120000, The average diemetre
of the Zrain is about 2,7mm vhen the temperature reaches 1350°C and the

greatest diametre is 4 rm or so,

0f steel B, after treatment at 1350°C, the shock tenacity value also
becomes remarkably low, but it can restore after second ireaiment, The srain
will not begin coarsenins until the temperature reackes 1300°C and the
fracture of the testing samples shows no over-heating small plane 2% 135000

treatment,

The chanzes of shock tenveity value and the fracture of steel C are

similar to steel B, Steel D is similer to steel A,

T steel 5, the tempsrature ab which the shoclk tenacity vilue becones
unusually lov after first treaiment is 1250°C, It seems thet this stesl is
easy to be over-neazted and it will improve noticezblr after sec~nd ireat-

The examination of its fracture shows that it will be~in o have
cross~section vhen iemperature reaches 1300°C, and its appearance

ck but it is not rock-like fraciure and it can rest

second treatment,

2,2 The Investiration of Rock-like Fracture

Cf steel A and D, although meliingz processes are different,however,they

- L%y

can both be deoxidized by using aluminun alone, and a&s a resuli they both

s AR

i




have hi~h sensibility to over-h.ating, After high temperature austenizing

treatment 2t 1350°C or above, they both becin to have rock-like fracture.

Steel 4 can be used as an example as shown in Tirure 1 (plate 41), The

netallosraphic testing sample, after beint corroded in a mixed ligquid of

satuarted picric acid-scap powder-Singel (2 transliteration of Chinese sound)
sh, will show clear coarse austenite§ grain and *he average size of

grain is 2,7ma. This is primery austenite crain, The toundary of
%0 be corroded tham that of real austenite ¢
formed wider state of quenching, They look black and coarse under a micro-

scope which can amplify 100 iimes larger, such as the three-"ork boundary

in Figure 3 (vlate 41).
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The process by wiich rock-like fracture is formed can be observed fr

:
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Fioure 4, (plate 41), The picture was teken from the eross-section which

L

LY

is pervendicular to the fracture of % ne testing sarple, The left-hand end

'y

of the picture is close to the surface of ithe fracture, and observatiion can
be made by seleciing some crack which is commected with a certa’n small
over-heating plene on the surface of ihe fraciure on tesiing saple. From
Ficure 4, it can be seen that the crack on left-hand side spreads along
primery austenite zrain boungary (flat-straisht lar~e zrain bounderv), and
the crack direction evidently has no relation with the fine real austenite
grain boundary formed under stsie of ouenchinw, This can prove that tze
over-heating of rock-like fraciure is the surface of prinary

austenite =ra:

wicrocrack of over-heating small plane (or inter-




scatter at the botiom of

the plastic indentation is

selected randomly, and the
is 0,3 micron, Trom these

indentations are formed [y

heating small plane, a few

g

due to deformation, are of

those inclusions az»e ¥nS of

nexazon structure, Tirure

take the central dobt as

surface of primary sustenite

porous congregation type--plasiic inden

-

3

k| the fiber-like matrix pari
~ and there is 1o inclusion e

crystal small plane) of rock-like fraciure is illustrated in Fizure 5 and 6
(plate 42). These intercrystal sm2ll planes are formed by great amount of
isometrical plastic indentations, and some very fine sphere-like inclusions

the plastic indentations. The av race diametre of

1.5 micron measured from ten viewing fields
average dismeter of of the sphere-like inclusion
investications, we can infer that the plastic
the verr fine inclusions which precipitate on the
crain boundary., In addition, on the over-
larger inclusions can be found as well an 2 they,

the shape of lons strips, In some loeal region

of over-heatinc small plane there are anetomical and piercing cracks (micro-

ion) and other forms of cracks.

In these microscopic regions usually there is no inclusion., The erack in

of rock~ii. lacture is piercing plastic crack

ither,

In order to decide the type of the fine sphere-like inclusion meniioned
above, we made selective recion electron diffraction analvsis o exiraction

a~d corpound molding of rock-like fraciures. The re~uli shows that these

cubic siructure and srz2ll amount of ¥nS of

7 {plate 42) is selective re~ion electron

»» -

diffrzetion charit and index o cubic S, Thae dois paitern in the Tirure is

sin~le crystal 4iffraction charit of ImS and the two di~"raction rin~s which

ter are relection !; 2'\‘ and 3_{422; of 13, The

A AS ) 4 SimrA R




six diffraction dots with larse distance among crvstal planes all fall on

-

diffraction rinz (220-, The presence of these two di”“raction rings shows

that in the selective region,vhich has been in use, ihere is 2 certain

anount of fine MnS inclusion.

The ¥nS contained in sieel, in chemistry, is an insiable inclusion and

it can be easily corroded in 5-10% soft acid, Such z characterisiic can be

used for making further invesii~ation of inclusions. Sozking earbon

conpound rold menbrance which contains more inclusion substances inio 10%

nitrated aleochol soluiion for 24 hours, then examine it with eleciron micro-

scope, the findinzs will be vhat as shown in Firure 6, The inclusions zre

all corroded up, so it proves that the inclusion on over-heatine small plane

Investizztion of Traciures of Steel Which Tses Both Aluminum and
" tion

jude
§2s
e
N
{U

Steel 3 and C a2l*moush produced by using di“ferent processes can both

be deoxidized by usings aluninun and titaniwm, Vhen austexizing temperalure

aches 1400°C, there is no sign of havin~ serious over-heatinz fracture in

quenching state thaet follows, but there are fibric fraciures. Taking steel B

.3

for exa~ple, the characieristics of macroscopic fractures are as shown in

Ficure 8 (rlate 43). Metalloerakpic observation indicates that the average
size of primery austenite crain is only 0.35rm. The electron microscope

023 .

observation of extrzcted comprund mold indicates that thegse fibric fractures

are “ormed by lar-e and lonr plastic indentations, At the boitom of iso-

Py

metrical pistic indentation, “here are fine M8 inclusions (2bout 0,2-0.3

33
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: micron), of which the shape is different as shown in Fizure 9 (plate 43)
= 5 Yo 4L Y
Throuth selective recion sleciron dif<raction examination, they are

identified as AIll, But in steel i, there has never been anv fine sphere-

like ¥nS deposit on over-iheating small plane,

4 —————

In 2ddition, in the relatiwvely even re-~ion on %he nacroscope of “ibrie

rzcturs, there is another kind of Tine deposits 2nd most of then are hlock

=

shaped. Throush selective re-ion electron di““raction examination, they are
identified as Ti¥. But the amount of this kind of Till particles on fibric
fracivre of steel B and C is small, In order io fingd ouk the rules of Til
distribution in steel, we examined the fracture of temper briitleness, After
havinz second treatment, steel B is tempered azain for three hours, then
break it, we find fracture of temper briitleness and extracted carbon com-
pound mold membrance. ‘hen they are examined again by using electron micro-
scope, there are more fine Til pariicles, These TiX deposits ofien scatier

on tne surface of primary austenite -=ra2in boundary, and that is th

of eracks alont the

11 (platéizi). Dut at the position of anatomical piercing fracture (as the

right-lover pari of Fisure 10} a2d the positicn of plastic piercing fracture

(as the ri-ni-louer part of Fircure 11), no TiY deposit comes oui. A selective
resion diffraction enalysis is made for Ti¥ pariicle, and Ticure 12 (piate
LL) ~ives its electron diffraction chart and index. Fronm Fimure 12, we can
see @ifraciion rincs which are not clear and sharp, ang from TiH deposit on
rracture and its electron diffraction chart of steel B, we can as wvell s

diffraciion rings. In some picture, the diffra tion rings are clearer.
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can be identified as corresponding grain surface reflection of Till, At the

same time, in the electron diffraction chart, diffraciion dots and

diffraction rings are marked in selective recion., RBesides the TiN particies
smaller

of 0,2-0,4 micron, there are many still .TiN particles which are zbout a

hundred
few.angstrom, In short, in steel which can be deoxidized by using both

aluminum and titanium, there is great amount of Till particles and *hey often
scaster at primary austenite erain boundary. According to their size, they
cen be classified into iwo different kinds: one size is 0,2~0.4 micron and

they are of block shape, and *he other size is only a few hundred angstrom

and they scatter among block-shaped Til.

T L

2./, Tae Characteristics of Fractures of Electric-electric Slag Steel

After first treatment at 13509C, the macrofracture of steel E generally

ik
el

appears to be gramular cross-section, The eled‘ron microscope examination

after its extraction compound © molding indicates that the cracking process

£ this steel takes place either along crystal plasticity, as shown in

@)

Fizure 13 (plate L5) or along crvstal brittleness, as showvm in Figure 14

(plate 45). So we can know that this kind of granular cross-section is the

~urface of crain boundary formed at the time of high temperature austenlzs:.
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So it is sharply

tion, On these microsections, there is no MnS inclusion,

different from the rock-like fracture of gteel A,

ket b K ek

b

K

Arter second ireatment, the characteristics of granular cross-section

fod ok i

of steel E is remarkably irproved. then it is broken, there are typical

curve fibric fractures and their characteristic is a typical pierzing plastic




. crack and it is made of extended plastic indentations,

A S

High grade metallocraphic examination indicates that oxide inclusion

and sulphide inclusion in steel E are all at 0,5 level, The oxide inclusion

of steel A and D is at 1 level and sulphide inclusion is at 1.5 level,

Therefore, they can all be deoxidized by using aluminum alone, but of steel
E, after electric slat remelting, the inclusion is reduced craetly and the

grain boundary becomes pure and clear,

3. Discussions

3.1 The Mechanism of Rock-like Fracture
Q-4)
In some research report, ~there are discussions on problems of over-

ﬂ_;;... - ' kg WY ,,‘.. -

heat and over-burn of allor structural steel, and on the formation of rock-

.
PRIV P T

like fracture su-gest different opinions, too, In the “ollowing, we shall

try to meke an analysis of our observations of steel 18Cr2N¥iiWa rock-like

I

IR

4

fracture,

B i M AL A A A A e o

Of MnS contained in steel, the solubility in austenite will increase as

(»

the heating temperature of the steel rises. The higher the temperature is,

Do LB LA o 2o o

« the less the remanent nascent MnS, which was not dissolved, will be,
Experinment shows that in the process of cooling after austenizing, MnS,
which has been dissol.7ed in steel, will become shpere-like particles and
again deposit on the surface of primary austenite ~rain boundary. The hirher

the austeniziny temperature is, the nore the mS particles deposited on the

. surface of rrain boundary will be, On the other hand, when steel is
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greaser

the

tendency of austenite

T3l

austenized at hich tenperature, the P1'NeWhe temperature

n growth will be,

of heating is, the

Yhen

3

t is

heating at a temperature above over-heating, the ~rain will become specially

coarse, and the surface of -rein boundary will turn to be flat surface (see

Mrure 3 and 4, plate 41). Once a ~reat amount of fine MnS is deposited,

the comnectine stren~th of ~rain boundary becomes seriously weak and

thereby the ability of fracture resistance of primary austenite grain
boundary becomes low, so it becormes easy for fractures to spread out. So

after the tenacity of matrix of the steel is strenjthened due to quenching

{

{o» modification), fractures will easy occur along the surface of primary

austenite grain boundary., Thus on the matrix of fibric f{racture comes out

meny over-heating small planes, and t'ey are small planes at primary

austenite grain boundary., Then they develop into rock-like fractures.Because

the general heat treatment cannot meke the primary austenite ~rain fine again
and also because the dissolution of MnS can take place only at tenperziure

t cannot use heat treatment of low temperature to redissolve

e

above 1200°0C

it and change its distribution pattern, The second treatment therefore cannot

improve the rock-like fracture, But rock-like Sraciure is an unpermissible

defect of alloy structural steels

A comparison of steel E, A and D indicates that when the steel is

heating at hich temperature, the austenite srains of three di“férent kinds

of steel will similarly become coarse. Bub throush electric slar remelting,

steel E becomes relatively pure and there is no great amount of deposit of

¥nS inciusion on the surface of grain boundary so cenerally there is no
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rock-like fracture. The shock tenacily of steel E after first treatment
shows greater senibility to over-heating, but after second treatment it

improves to great extent,

So we think that there must be two conditions for alloy structural steel
to form rock-like fracture: first, when the steel is austenizing at high
temperature, it attains primary austenite ~rains which are coarse enourh,
and secondly, the steel contains a certain amount of MnS inclusion, much of
which are dissolved when the steel is in the process of heatin~ at high
temperature, and later in the process of cooling, ther become shpere-shaped
MnS and azain deposit on the surface of prirery austenite grain boundarv.
The presence of such flat and straight surface of primary austenite grain
boundary vhich contains great amnout of fine MnS inclusion is the main

reason of formine rock-like fracture,

3¢2 The Effect of Small Amount of Aluminum and Titanium on the Sensibility
of Steel to Over-heating
(5-7)

It has been pointed out in some documents that when the amount of
acid-dissolved aluminum is 0,02-0,057, after heat working and heat treetment,
there will be fine AIN deposit and it will have favoreble e“fect on delaying
the process of reerysialization znd fining sustenite ~rain, But our
experiments as we_report in this article show that in steel D the amount of
acig-dissolved aluminum (0,060%) is much hi~her than in steel A (0,009%).
But vhen austenizing is made at hish temperature, the situations of srain-

coarsening of these two steels are almost the same, After heating at a

1t T R A (e 5



temperature above 1300°C, these two steels will bo*h produce over-heating,

This proves that the increase of acid-dissolved aluminum in steel will not

v Y
it b han ity & e

have favorable effect on over-heating of alloy structural steecl, This is
because when steel is heated at a temperature above 1200°C, AIN will be
dissolved solicdly and “he favorable acticn of AIN in the steel as meniioned

above will not show, Therefore, steel A and D, which can be deoxidized br

using 2luminum alone, have ecqually hi~h sensibility to over-heating alithoush
] b - - o =

s

N
B D o oS- i i S

their amounts of acid-dissolved aluminum are different,

.

%

[PSRUIRPIY L S

N

eXi

When the temperature of zustenizin steel B and C reaches 1400°C, tre

18]

.

average size of austenite grain is still 0,35mm, This can be explained by

the effect of small amount of remanent titanium, The content of renanent

YOUURSRE. -4 TS

Ha

titanium in these two steels is 0,01-0,02% and they alsc contain about 0,01%

A ..

of helium, The examination of extracted compound moldinz by using electron
microscope indicates that at primary austenite grain boundary, there is a
sreat amount of fine TiN deposit. These TiN come out after the steel ingot
has solidified in the process of coolinz, They have hi~her stabiliy then
AIN, and they can exist without bein~ dissolved in a rance of high

S N .
tomperature, And because TiN particles scatter among crains, in the process

of high temperature austenizing treatment of the steel, they can ver;

S0

effectively retard the srowth of zustenite grain, This is the reason that

a small amount of titanium can make the grains fine,

and
Our experiments show that steel (B/, C) which contains small amount of

titanium, after high temperature austenizing ireatment even at 1/00°C, iill
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have no fine MnS deposit on the extracted compound mold of fracture, But,
occasionally sone 'S inclusion which is lonrs, not-dissolved and in large
pieces can be seen. The contents of S 21d M in steels (A and D) which dgﬁt
contain even small amount of titaniun are close to those of steel B and C.
3ut on the fracture, after first treatment at 1300°C, there are many fine
*nS particles deposited at primary austenite ~rain boundery, Thus we think
that a small amnout of remanent titanium has chanved the ruies of dissolution
and deposit of S in the vrocess of high temperature austenizing, lowered
steel,
the solubility of S in 1 imoroved the form and distribution situation of
sulphide in steel and consequently produced scme favorable e”fect on lowering
the sensibility of steel to over-heating, On the other hand, because TilN
inclusion can effectively retard the crowth of high temperature austenite
srain, the total zrea of grain boundary of fine grain steel is rmch larger
then that of coarse grain steel, Even the total number of ¥nS particles
deposited at grain boundary is close, thae mumber of MnS particle (density)

on a unit arae ai crain boundary of f£ine grain steel is noticeably low, This

ig also very good to orevent the occurrence of rock-like fracture.

In surmary, using proper amount of aluminum and titanium for ‘deoxidi-
zation results in thab there is a sma2ll amount of titenium remains in the
steel, Obviously it hes preventive function to the forming of over-heating
as well as the occurrence of rock-like fracture or helps to delay the
happening until there is a much higher temperature of anstenizing heatinge,
Tous the sensibility of the steel to over-heating is effectively lowereds

(received on Decermber 30, 1976)
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