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Investigation No. 1941. 

Metallurgical Examination of a Cast Iron Mould. 

=========== 

Source of Material  and Oblfict of Investigationr.  

On August 25, 1945, Mr. Louis Fleck, General Manager, 

Alexander  Flock Limited, Ottaaa, Ontario, submitted for 

examination  a stock sample of the steel reinforcing bar and a 

fractured section ef a cast Iron mould. The steel  bar was 

provided for reinforcing the cast iron mould  in case of failure. 

In previous  castings this method cf  reinforcing the mould had 

proven satisfactory. However, in castings made recently by 

this method  for the International Nickel  Co, of Canada Limited, 

the steel  bar fractured in service. It  'sas  desired to carry 

out a complete metallurgical examination of the steel used, 

and also  of a section of one of the  moulds, in order to 

determine,  if possible,  the cause of failure. 

(4P 
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Macro-Examination: 

Figure  I is  a photograph showing a  fractured section 

cf tho mould. The  reinforcing steel bar shown at  "A"  appeared 

to have been caat in good sound metal.  corne  porosity of iron 

was observed at "B".  The  steel  bar had  a ccarse-3rained 

fracture. 

Fte  

CROSS-SECTION OF CAST lON Loup, ITH 
STEEL REINFORCING BAt SHO7N AT "A". 

(Approximately 2/5 actual size). 

Chemical  Anal'rsis: 

Drillingstaken from th stock steel bar  sample and 

the  cast iron mould had the follcrxing chemical  composition: 

CAST IRON 
MCULD  STE U  BAR 

-  Per  Cent - 

Total carbon 
'Graphitic carbon 
Manganese 
Silicon 
Phosphorus 
Sulphur 
Chromium 
Nickel 

- N.d. 

- 0.55 
▪ 1.75  
- 0.60 
- 0.06C 
- Nil< 
- Nil. 

0018 

0.51 
0.01 
0.024 
0.O34 

IMM 

Nd. =  Not detrmined. 



Microscoec Examination: 

The  nital-etched structura of the cast iron  is shown 

in Figure 2,  a  photomicrograph at X500 manification. 

Ftr 2.  

X500, etched in 
2 per cent nital. 

Note t'he posphide e -utectic at •A, and 
the pear:Li -tic  structure  of the iron at B. 

Figures  3  and e show the structure at the  transi-

tion point of  the cast iron and the steal  reinfwcing  bar. 

It will be observed that the steel has been carburized at  the 

point' of  contact with the caat iron and also that considerable 

grain  growth has taken place. 

ulasamem 

(Fiures  3 and. 4 
(follow  on  next  2Aeui2.) 



Cast 
,  iron. 

Steel. 

ti'a‘i.e 4) 
(acroscopic Examination, czntld 

X100 4, atchel in 
per cent nItal. 

FIL-Lre 1. 

X100, etched in 
2 per cent nital. 
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(M1roscople  Examination, conttd) 

The struct;uresof the stock sample and te  fractured 

steel bar are show n  in Figures 5 and 6 re5pective1y.  The 

former has a structure  of  a  normalized and  the a_tter of an 

annealed low carbon steel.  The structure in  each consists of 

pearlite, the Iron-iron  carbide constituent,  the dark etching 

material, and  ferrite, the  iron  constituent,  the  liLht etchini; 

material. 

F. ,ure 5 

X100, etched in 
2 per cent nital. 

STUCTURE OF STEU, Bill "AS  RECEIVM". 
••• 

EIEMAJ. 

X100, etched in 
2  per cent nital. 

STRUCTURE  OF STEEL  BAR AFTER 
CASTING "IN SITU". 



(Microscopic Examinatlon,  conted) - 

The. ,ra:1.1  size as determined by  the  McQuaid-Ehn 

method is  shown in  Piure 7.  The  grain  t.ize  is rated as  2. 

E142C 

X100, etchel.  in 
2 per cent nital. 

SHOWING  COARSE-GRAINED 3TRUCTURE OF STI;EL 
AFTER CARBONIZING AI 17000  7.  AND 

COOLING  IN  TIE  BOX. 

Discussion of  Results: 

Th,£) steel  used in  the  z.-Itst irc.i  mould had  a chemical 

composition  similar  to that of an  SAE  IC20  steel.  The  compo-

sition of  the mould  was similar to  that A' a  high phosphorus 

grey iron  and  contained  no  alloying additions. The  micro-

scopic examination showed  the  stock sample of the  steel rein-

forcing rod to be in the normalized  condition and coaree-

grained.  However, the structure  was  altered after  casting  the 

cast iron around it. The high temperature of the molten cast 

, 	iron  in  contact with  the steel tar  caused grain  growth, and 

.  on  slow  cooling the  steel became  annealed.  Coarse-grained 

steels  are  more subjlet  to grain 2:rowth at temperatures above 

the  upper rtical  than  fine-grained steels.  For this service 
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(Discussion of Results, contîd) - 

a fine-grained, aluminium-killed, low ca:: .2bon steel or, a high-

purity iron, such as Armco Iron, is recommended. The carbur-

ization of Steel bar noted at the point of contact with cast 

iron can be greatly reduced by tinning, or by painting  the  

steel bar with red lad. Some consideraUon should be even 

to the use of alloy additions to the iron to improve the 

physical properties, such as resistance to eowth, etc.- In 

this connection, chromium additions of 0.60 to 1.25 per cent 

are generally recommended. 
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