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I (a) . 
Flgare.1: ~ ~ ~ b f ~ ~ o f t h e s a m p l e s ~ ~ 2 % ~  
a ) c o l a & m n 2 U % d i a m e t s ~ b ) ~ m c o l d l t d u a i a r s o d ~ i n a  
muffle W st 900% for 1 hr 

(a) 
Figme2: O p t i c a l m k o ~ o f l o ~ ~ o f & ~ ~ ~ w i t h Z % n a a t .  
a) Cold 25% '0 bb) a i k  25% cold d n c i h  and in n 
m r r ~ a e - a t g r n k ~ b  

.(a) @I 
mgme3: ~ m i K o s o o p y o f l o ~ s e c t i o n o f ~ ~ ~ e t c h e d w i t h 2 % n i t a l :  
a) Cold d h m & r m h d q  b) after #% coldrsdactionand w i n  b d e  

Gmacemt9OO"cfml hr 
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N.A. Raji and 0.0. O h o l e  

(a) (b) 
&ure 4: Optical microscopy of l o n g i t d d  section of the samples etched with 2% nital: 
a) Cold drawn 55% diameter reduction; b) after 55% cold reduction and annealing in a r n a e  
h c e  at 9OO0C for 1 hr 

.A 

At 20% degree of defamation the d e d  samples 
show partially r- -. The 
deformed regions still contains some form of 
deformation and the formation of large quantity of 
nucleat@ grains. This implies that at this level of 
deformation, longex soaking time is necessary for 
complete recrystallization. Soaking time of 1 hr at 
20 % wIddrawing only h f h m d  recowry process 
which involves the annihilation of excess 
dislocations. The grain size of the steel increases as 
the degree of wld reduction increases for the 

aimealed steel as shown in Table 2; indicating that 
grain growth of the renyBtallized grain had taken 
place. The grain growth phenomena are evident 
&om the grain bouadary bulging observed in the 
structure at 25% degree of defkmtbn showing that 
normal grain growth had taken place. 

Table 2: Degree of Ccld-drawn defDrmation and 
mechanical properties-grain Bize relationship of 
aunealed Pfain nails. 

From the data in Table 2 it shows that the mechanical properties of the steel reduced as the degree of cold 
deformation increased. The yield streagth properly obtained for the annealed plain nails at the cent degree of 
cold deformation as shown in Figure 5 reduced with increasing degree of cold drawiug an indication of reduction 
in ductility of the steel as evident in the r e d .  
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Similar -end is observed fox the tensile stxcngth as shown in Ff gure 6, und?m@mus of* nmk&l 
a s s h o ~ ~ i n p p o n r e 7 * T t a t ~ * ~ t h e ~ p f t h e s t ~ w i t b t h e ~ ~ T h i ; i  
impbttrat~tbpropert iesofthcnai l iuzmiccmaymbc achIevGdbythc f u l l m d h g a t ~  
~ t h ~ ~ k a s o d & t i m e o f 1 h o l a .  

Flgme 6: Xn&lence of cold drawmg ddommtbn an the T d t  s t m g h  of non-mated 
andaannalednails 
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F i g m i  7: rnfhlmEc of oold drawing deformation on toughness of nm-treated and annealed nails 

~ f r d r b w ~ a b m r r l a p ~ ~ ~  
nxmmlxc.lhc - . .  ~ ~ l w  
mk& time of 1 h a& 20 % wlddrmviog only - lummy proccs3 which inmhs the 
~ o f c x c u s ~ I t i s o b s a v e d ~  
the md~wthmtcathigbercold-drawn 
d e f h m l h  of 25% - 55% arc higher forthe 1 bow - 
~ t i m c ~ m t h e # ) . k w l d d r m n  .. 
d&m&m h u d q  at 900"~ for 1 hour fW1 
mmmliog therefore mxyuUk4 r h w  
p m p m t D n d t h e r t s e l d b i g b e r d C g ~ ~ ~ f c ~ ~ -  
drwe- " I t i s ~ ~ u l a t 6 r t h e  
~ n & l . t h e g r a i n r k t e o f t k M t l ~ u r  
t h e d e g ~ ~ o f o o l d r a d u e t i D n ~  for annealing 
time of 1 hour. Qlin wanmiilg kd to hmemcd 
grain size :m the dcgnc of wkkMm&n 
irrermaattberanrlhrfall-time. 
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