
CQBCLBaiQHS haD RECOMIENPATIONS for puture work

CONCLUSIONS

(i) Tough Fe-40Cr alloys o-r. be prodi.34d by tuicable heat 

treatment and processing: rolling between 10.‘)0 and 750# C and 

annealing a'„ 950°C for 1 hour,

(11) Despite a large grain rize and high interstitial contents, 

tue Fe-40Cr alloys achieve excellent toughness (200J) and an 

adequate DBTT (-10#C).

(ill) REM additions are usefu] for the development of isotropic 

toughness properties and the malntainance of good toughenss 

at high temporatures (>1C00°C),

(iv) Sigma phase which is produced through cold-work is stable to 

high temperatures (up to 1050• C) in the Fe-40Cr alloys,

(v) Intrugranular precipitates separate from the matrix and have 

little or no role in the fracture process, and

(vi) Excessive grain boundary precipitation (carbide or o-phase) 

is responsible for embrittlement.

In summary the Fe-40Cr alloy ir very promising since it is fairly 

tolerant of impurities and when suitable fabrication procedures 

are used, embrittlement is fairly easily avoided. In addition, the 

excellent corrosion resistance of the a lloy91 makes it good 

potential replacement for the more expensive acstenitic stainless 

steels.

RECOMMENDATIONS FOR FUTURE WORK

Further work in the laboratory is required for quantifying the 

effect of interstitials (especially oxygen) ind REMs on the 

behaviour of Fe-40Cr. However, a detailed economic survey of the 

industrial viability and the determination of the applications and 

market for wrought Fe-40Cr is a priority, if further and more in- 

depth research on the alloy Is warranted. This section suggests 

particular areas to be developed and new directions of 

investigation.



Economic survey

This would include information on the kind of tonnages required 

for the profitable production cf Fe-40Cr. The necessity for pure 

base materials would have to be taken into account.

The availability of melt techniques such as vacuum oxygen 

‘ocarburxsation (VCD’ and argon - oxygen decarbonisation (AOD), 

h; i the associated te hnical expertise ir South Africa is another 

Important considerate n.

Finally t'»o economic su vey must lnolude an investigation of the 

potential market, local . nd international, for Fe-40Cr. All the 

possible aoplications of tho alloy must be identified and assessed 

in terms of t^e cost and properties of materials ourrently in use 

in the areas of application of interest.

Laboratory work

The analytical techniques for determining the interstitial 

contents and REM yields need to be assessed critically. The 

techniques should either be lnproved through tho esi abl .1 aliment of 

proper standards, or a quantitative assessment of their accuracy 

should be made.

The method by which REMs are added should be stiindcrdlsed so that 

yields are predictable. Addition- -in then be tailored to 'getterN 

the amount of nitrogen and oxygi . present.

The relationship between the DBTT3 determined in the Charpy impact 

and slow bend tests doac not follow that predicted by theoretical 

considerations. The slower strain rates associated with ihe slow 

bend tests should result in lower DBTTs and not vice versa as this 

study has indicated. Thl.s trrnd oould be investigated under more 

rigorous conditions.



Other techniques, such 83 the compact tension fracture toughness 

test, should be used to assess the toughness of the Fe-4GCr 

alloys. Results whloh are more quantitative und predictive in 

ergineering terms con thus be obtained. The behaviour of the alloy 

can also be determined at low fewp&rature4 and in different media 

as required by different applications.

Further investigation of grain boundary film thickness in relation 

to ductiltity and toughness should r.lso bs carried out in order to 

develop a more suitable model for fracture in these alloys. The 

Cottrell® and Almond et a l 87 models for brittle fracture are 

heavily influenced by the grain size term, d 1//2. This term has 

less importance at the large grain sizes obtainod in these alloys.

Finally, more detailed TEM studies should be undertaken. In this 

way the contribution of dislocation density to ductile behaviour 

can be assessed. The pinning of dislocations by interstitials can 

also be evaluated and its contribution to brittle behaviour 

clarified .



Other techniques, such as the compact tension fracture toughness 

test, should be used to assess the toughness of 4 it* Fe-40Cr 

alloys. Results which are more quantitative and predictive in 

engineering terms oan thus oe obtained. The behaviour of tha illoy 

can elso be determined at low temperatures and in different uedia 

a? required by different applications.

Further investigation of grain boundary film thickness in relation 

to ductiltity and toughness should also be carried out in order to 

develop a more suitable model for fraoture in these alloys. The 

Cottrell® and Almond et a l 87 models for brittle fracture are 

heavily influenced by the grain size term, d 1'*2. This term has 

less importance at the large grain >lzes obtained in these alloys.

Finally, more detailed TEM studies should be undertaken. In this 

way the contribution of dislocation density to ductile behaviour 

can be assessed. The pinning of dislocations by interstitials can 

also be evaluated and its contribution to brittle behaviour 

clarified.
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APPEKDII k
Computer prograaae for the c a l c u l a t i o n  of areas below the 

slow bend test load vs stroke curves.

READY.

3 D1MX(2000),Y(2000)

10 PRINT""
20 INPUT"!NTER PILE TO BE INTEGRATED »H|NA*
30 DOPENCl, (NA«)
31 IP DB>0 THEN DCLOSEC11&0T020
32 INPUTCl,D
33 FOR A-I TO D 
40 INPUT£l,X(A)iINPUTC1,Y(A>
<3 NEXT A
30 MM-li MAX«Y(l)iFOR A*lT0D« IFY(A)>MAXTHEN MAX^Y(A)iMM-A
31 NEXT A
32 PR1NT-PEAK AT ••MM" LAST POINT AT"D-1
33 PRINT-LIST Y/N"
34 GET AtiIF A*-"“ THEN 54 
33 IF A*-"N" THEN 39
36 FOKA-1 TO DiIF Y(A)-MAX THEN PRINT""!
37 PRiNTAj”) “ |X(A)|TAS<23)Y(A)
36 NEXTA
39 INPUT" V4TEBRATE TO WHICH NUMBER i " > D
60 REM— *-----------------
/0 REM
BO REM INTEGRATE DATA 
90 REM
100 REM-------------------
110 SUM-0
111 PR1NT"VITEGRATING.. .
120 FOR A-2T0D
123 X-X(A)-X(A-l)iY-Y<A-l>
126 A1“ X•YiA2"(Y(A)-Y(A-l))* X/2 
130 AREA-A1 -»A2
140 BUM-SUM+AREA
141 PRINT**.“| «. 
ISO NEXTA
170 PRINT"Y*TEGRAL IB i " | 5UM 
IBO OPEN 4,4
200 PRTNTC4, "INTEGRAL TO *>OINT "jD j “ OF SAMPLE NO. "|NA*j" IE I " | GUM
210 PRINTC4,---------------------------------------------------------------------
211 PRINTC4 
230 JLOSE 4,4
260 iNPUfJEW DATA (Y/N) i"|C*iir C«-"N'THEN 32 
300 RUN



APPLWDII B

Slow bend test curves (load vs rtroke)

v2/l/2 32 C

STROKE (mm)

v2/l/2 0 X

STROKE (mm)
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v . v3/2 -30 °C

STROKE (mm)

s/2/2/2 32 t
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APPENDIX C

Computer programme for Image analysis 

MEASUREMENT OF PPTS 105X OIL / MAY & DAPHNE

FUNCTION INTEGER

1 GETIM

2 SHDCF

3 ID. NO

4 SCALE

5 MFRAME

6 SCANIN

7 FOCSET

8 MVSCAN

9 CIRSF

1C AREA

11 AREA*/.

INP 13
FILE 1

INP 13
SHRF 14

SCNO 2

WDSX dOO
WDSY 400
XO 50
YO 50

RAD 128

FX 40
FY 20

VEL 6000
FLG*> 9

RGMD 2
FLG# 8

IFOC I
RFIL 0
WFIL 0
SNMD

NCLS 50
hODX
MODY

NCLS 40
MODX
MGDY

NCLS

MODX
MODY

60
1

1

NEW

NEW

VARIABLES*
LOGICAL

TITLE

CLASS

CLASS

DX
DY

C LASS

LOW
HIGH

LOW
HIGH

LOW
HIGH

2050. 
2050.

O.OOC 
1.OOOC

O.OOC 
20. OC

O . O O C 
3. OOC



Author  Hermanus Mavis Ann 

Name of thesis The development of a tough high chronmium ferritic stainless steel.  1986 
 
 

PUBLISHER: 
University of the Witwatersrand, Johannesburg 

©2013 
 

LEGAL NOTICES: 
 

Copyright Notice: All materials on the Un i ve r s i t y  o f  the  Wi twa te r s rand ,  Johannesbu rg  L ib ra ry  website 
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise 
published in any format, without the prior written permission of the copyright owner. 

 

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you 
may download material (one machine readable copy and one print copy per page) for your personal and/or 
educational non-commercial use only. 

 

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any 
and all liability for any errors in or omissions from the information on the Library website.  

 




