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The exper ience of the 1940s demonstrated be-
yond doubt the connect ion between the presence 
at room tempera tu re of a smal l amount of 
f e r r i t e in an otherwise austeni t ic weld deposit 
and the absence of c rack ing or even m ic ro -
f issur ing in that weld deposit . Wi th the publ i -
ca t ion of the Schaef f ler D iag ram in 1948, 
one migh t have expected a l l c rack ing and 
micro f issur ing d i f f i c u l t i e s w i t h these weld meta ls 
to vanish. However , i t should be noted that 
Schaef f ler c la imed no be t te r than ±4% f e r r i t e 
accuracy. 

C lear l y , the widespread use of Schaef f ler 
D iagram a l lev ia ted the problem. But a new 
one arose. How can the several par t ies to 
a major we ldment ( the e lc t rode producer, the 
weldment fab r i ca to r , the weldment user, and 
possibly the insurance company and the appro-
pr ia te regu la tory agency) sat is fy themselves 
that the requi red m in imum f e r r i t e content 
was indeed obtained? The Schaef f ler D iagram 
p r o v i d e s an approx imate re la t ion between 
chemica l composi t ion of the weld me ta l and a 
f e r r i t e content es t imated by meta l lograph ic 
examinat ion of tha t weld meta l . The accuracy 
of this re la t ion is a f f ec ted by accuracy of 
the chemica l analysis of the weld meta l , the 
repeatab i l i t y of the e tch ing and meta l lographic 
i n te rp re ta t i on of the weld me ta l m ic ros t ruc tu re , 
and the accuracy o f the approx imat ions made 
in developing the d iagram. 

The Welding Research Counci l in the USA and 
IIW Sub-Commission I IC demonstrated cent ra l l y 
tha t the repeatab i l i t y of the e tch ing and meta l lo -
graphic i n te rp re ta t i on of the weld meta l m ic ro -
s t ruc tu re is a major source of va r iab i l i t y in 
es t imat ing weld me ta l f e r r i t e . To quote f r om 
AWS A4.2-74," on a given specimen, labora-
to ry A migh t ra te the percent f e r r i t e at as 
low as 3%, laboratory B at 5%, and laboratory 
C as high as 8%." 
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Subsequent to the pub l ica t ion of the Schaef f ler 
D iagram, i t was discovered by W.T. DeLong 
and others tha t n i t rogen has a potent austen i t i z ing 
e f f e c t on these weld meta ls . N i t rogen is, 
to a ce r ta in ex ten t , outside of the con t ro l of 
the e lect rode producer. A homogeneous lot 
of covered electrodes provid ing adequate f e r r i t e 
under con t ro l led condi t ions can produce weld 
me ta l tha t is f e r r i t e - f r e e or nearly f e r r i t e -
f ree in the hands of a careless welder who 
draws a long arc and thereby al lows air to 
enter the arc. S imi la r ly , a gas tungsten arc 
or gas meta l arc deposit w i t h a f i l l e r meta l 
normal ly of adequate f e r r i t e can be rendered 
f e r r i t e - f r e e by a draught or loss of shielding 
gas that permi ts air to enter the arc. A submer-
ged arc deposit can be s imi la r l y a f f e c t e d by 
a too-shal low f lux cover tha t permi ts " f lash ing" 
to occur and air to enter the arc. 

A l l of the above can easily lead to microf issures 
or cracks in weld meta l tha t should be of 
good qua l i t y . 

So the quest ion of f e r r i t e spec i f i ca t ion and 
measurement has two impor tan t aspects to 
i t . F i r s t , the part ies involved in weldment need 
to be able to agree on a measurement system 
that produces reproducible results when the 
measurement is made by any par ty involved 
w i t h the we ldment . Secondly, a measurement 
system is needed tha t al lows d i rec t measurement 
on comple tea or pa r t i a l l y comple ted weldments 
and thus permi ts qual i ty assurance ve r i f i ca t i on 
that the expected f e r r i t e level is in fac t being 
obtained under fab r i ca t ion condi t ions. Obviously, 
meta l lograph ic measurement is t o ta l l y unsuit-
able for th is second concern, even i f one could 
devise a method giv ing reproducib le results. 

For tuna te ly , f e r r i t e has a proper ty wh ich auste-
n i te lacks that permi ts easy de tec t ion of i ts 
presence and there fo re measurement of i ts 
concent ra t ion : f e r r i t e is fe r romagnet i c . Any 
number of devices can be conceived giv ing 
a response that is approx imate ly propor t iona l 
to the quant i ty of f e r r i t e that is w i th in the 
volume being sampled by the device. Such 
devices can be rendered por table so that 
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measurements on indiv idual weld passes dur ing 
the course of fab r i ca t ion of a large weldment 
become possible. 

Wi th the ava i lab i l i t y of magnet ic devices, the 
last major concern in spec i f i ca t ion of weld 
meta l f e r r i t e and reproduc ib i l i t y of measurement 
becomes ca l ib ra t ion of the devices to a standardi-
zed scale. Magnet ic devices for weld me ta l 
f e r r i t e measurement have ex is ted for 30 years 
or more. However , the i r ca l ib ra t ion has been 
an uncont ro l led var iable. To quote again f r o m 
the Appendix of AWS A 4.2-74 "The percent 
f e r r i t e in austen i t ic stainless steel weld me ta l 
in the past has too o f ten been regarded as 
a f i r m f ixed value. Extensive round robins 
have been run on sets of weld meta l specimens, 
containing- up to a nominal 25% f e r r i t e , in 
the US under the sponsorship of the WRC 
and on s imi lar sets in Europe by the In ternat iona l 
Ins t i tu te of Welding (IIW). These round robins 
showed tha t most laborator ies use somewhat 
d i f f e ren t ca l ib ra t ion curves as we l l as a var ie ty 
of inst ruments. A t nominal levels of up to 
10% f e r r i t e , which is the most useful and 
per t inent range, the values obta ined by pa r t i -
c ipat ing laborator ies range f r o m 0.6 to 1.6 
t imes the nominal value". 

The problem w i t h ca l ib ra t ion of ins t ruments 
based upon a percent f e r r i t e scale led IIW 
Sub-Commission IIC to conclude tha t , " A t 
the present t ime , exper imenta l methods are 
not avai lable tha t qive an absolute measurement 
of the amount of f e r r i t e in a weld meta l , 
e i t h e r d e s t r u c t i v e l y or non -des t ruc t i ve l y . " 
This should not be taken as a cry of despair, 
however. By the act of concluding tha t an 
absolute measurement scale is, at the present 

t ime , impossible, the way is c lear for an a rb i t -
rary measurement scale. Such a scale, based 
upon the fo rce requi red to pul l a standard 
magnet f r o m the sample, has been agreed 
upon, f i r s t by the Amer i can Welding Society 
as AWS A4.2-74 and subsequently w i t h minor 
mod i f i ca t ions by the In te rna t iona l Ins t i tu te 
of Welding (document 11-964-81) wh ich is in 
the process of being adopted as an In ternat iona l 
Standard (ISO/DIS 8249). The a rb i t ra ry uni t 
of the AWS and IIW method is a f e r r i t e number 
ra ther than a " f e r r i t e percent " . 

Once the ca l ib ra t ion scale has been def ined 
using p r imary standards and a standard magnet , 
then f e r r i t e numbers can be assigned to second-
ary weld me ta l standards. These weld me ta l 
standards are in tu rn sui table for ca l ib ra t ing 
a var ie ty of inst ruments operat ing on magnet ic 
or eddy cur rent pr inc ip les. Suitable IIW secondary 
weld me ta l standards are avai lable f r o m The 
Welding Ins t i tu te in the Un i ted K ingdom. 

Using the f e r r i t e number system, labora tory-
to - labora to ry reproduc ib i l i t y of f e r r i t e de te rm i -
nations has been establ ished as ± F N or less 
over the range 0-28 FN. Cons t i t u t i on diagrams 
such as the Schaef f ler and the DeLong diagrams 
provide useful guidance in an t i c ipa t ing = fe r r i t e 
content , pa r t i cu la r l y in d iss imi lar meta l jo in ts , 
but should not be re ferenced in spec i fy ing 
f e r r i t e in weld meta l . L ikewise, inst ruments 
nominal ly reading "percent f e r r i t e " are unsui t -
able as references unless the i r ca l ib ra t ion 
is t raceable to an agreed standard. Spec i f i ca t ion 
of f e r r i t e , measurement of f e r r i t e , and repor t ing 
of f e r r i t e in te rms of f e r r i t e numbers is, at 
the present t ime , the best way to be sure 
that an order for f e r r i t e w i l l be understood 
at a l l levels involved in f i l l i ng that order . 
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