
C hapter II

Literature Survey

Gas in Metals

P in h o le  a n d  b lo w h o le  d e fe c ts  in  c a s t in g  p r o d u c tio n  a re  m a in ly  fo u n d  fro m  

th e  f o l lo w in g  c a se s .

1. G a s  c a n  b e  g en e ra ted  w h e n  m e lt in g  d irty  a n d  ru sty  scra p  m e ta l. G o o d  

iro n  c le a n in g  c a n  h e lp  m in im iz in g  th e  d e fe c t  p r o b le m 131. S u f f ic ie n t  a m o u n t o f  

d e o x id iz e r  n e e d s  to  b e  a d d ed  in  th e  m e lt in g  o p e r a t io n  a fter  s la g  r e m o v in g .

2 . C o n tr o llin g  p r o b lem  in  th e  p o u r in g  c o n d it io n  a n d  p o u r in g  t im e [41. G a s  

in  th e  a ir  c a n  b e  a b so rb ed  in to  th e  m e ta l s trea m  d u r in g  ta p p in g .

3 . T h e  v o la t i le  a d d it iv e  in  sa n d  m o ld , w h ic h  c a n n o t  b e  s ta b le  in  h ig h  

tem p era tu r e  c o n d it io n  o f  p o u r in g  m eta l. V o la t i le  a n d  ig n ita b le  m a te r ia ls  w i l l  

b e c o m e  g a s e s  a n d  b lo w  in to  th e  m o lte n  m e ta l d u r in g  s o l id ify in g  p r o c e ss .

A  g o o d  d e s ig n  o f  g a s  v e n t  in  m o ld  c a n  r e d u c e  p r o b le m  o f  g a s  d e fe c t ,  b u t it  

is  n o t  a  to ta l im p ro v em en t. T h e  c o n tr o llin g  o f  sa n d  p r o p er tie s  in  m o ld in g  p r o c e s s  

is  a n  e f f e c t iv e  m e a su r e  fo r  p in h o le  p r o b le m s. S o m e  l im ite d  fa c to r s  o f  sa n d  

p r o p er tie s  c a n n o t b e  a d ju sted  in d e p e n d e n tly . T h e y  are  r e la te d  to  o th e r  fa c to r s  an d  

a ls o  are  co rre la ted . T h u s, th e  stu d y  o f  m o ld in g  sa n d  is  a n  a d v a n ta g e  fo r  

a p p r o a c h in g  a n d  im p r o v in g  th e  p in h o le  d e fe c t .
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F'gure 2 - 1 .  S o u r c e s  o f  g a se s  in  a  m eta l.

Sands

S il ic a  sa n d  is  n o r m a lly  u se d  a s  m o ld in g  sa n d  in  iro n  c a st in g . B u t, in  s te e l  

c a s t in g  w ith  h ig h e r  p o u r in g  tem p era tu re , h ig h  re frac to ry  sa n d  is  u s e d  a s  fa c in g  

sand . F or e x a m p le , o l iv in e  sa n d  is  u se d  fo r  th e  p r o d u c tio n  o f  a u s te n it ic  m a n g a n e se  

s te e l  c a s t in g 151 a n d  c h r o m ite  san d  fo r  c h r o m iu m  c a s t  s te e l  a n d  n ic k le -c h r o m iu m  

c a s t  s te e l. A s  c h r o m ite  sa n d  p o s s e s s e s  g o o d  r e fr a c to r in e ss , it  is  p r o m o te d  fo r  u s in g  

in  v e r y  h ig h  p o u r in g  tem p era tu re  ca stin g . T h e  lo w  th erm a l e x p a n s io n  o f  o l iv in e  

sa n d  a n d  c h r o m ite  sa n d  are  e f f e c t iv e  fo r  c o n tr o ll in g  m o ld  d im e n s io n s 161 an d  

r e s is t in g  to  e x p a n s io n  d e fe c t171. S in c e  o l iv in e  a n d  c h r o m ite  sa n d  h a v e  b a s ic  

c h e m ic a l  c o m p o s it io n , th e y  are  u se d  fo r  lo w  r e a c tiv ity  w ith  m e ta l lic  o x id e s .
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S a n d  is  s o m e t im e s  referred  to  a s  natu ral or  s y n th e t ic a l  S y n th e tic  sa n d s  

h a v e  b e e n  w a s h e d  to  r e m o v e  c la y  an d  o th e r  im p u r it ie s , c a r e fu lly  s c r e e n e d  an d  

c la s s i f ie d  to  g iv e  a  d e s ir e d  s iz e  d istr ib u tio n , a n d  th e n  r e b le n d e d  w ith  c la y s  an d  

o th e r  m a te r ia ls  to  p r o d u c e  a n  o p t im iz e d  sa n d  fo r  th e  c a s t in g  b e in g  p r o d u c ed . 

B e c a u s e  o f  th e  d e m a n d s  o f  m o d e m  h ig h -p ressu r e  m o ld in g  m a c h in e s  a n d  th e  

n e c e s s ity  to  e x e r c is e  c lo s e  c o n tro l o v e r  e v e r y  a sp e c t  o f  c a s t in g  p r o d u c tio n , m o s t  

fo u n d r ie s  u s e  o n ly  sy n th e tic  sand . T h e  p r o p er tie s  o f  sa n d  fo r  c o r e  are  th e  s a m e  a s  

m a te r ia ls  u s e d  w ith  m o ld in g  sand.

O th er  ty p e s  o f  sa n d  su c h  a s  z ir c o n  a n d  a lu m in o -s il ic a te  s t i l l  h a v e  n o t  b e e n  

w id e ly  u s e d  b e c a u s e  o f  th e ir  r e la t iv e  h ig h  p r ic e s  a n d  c o m m e r c ia l  u n a v a ila b ility  in  

T h a ila n d .

Sand Additives

A d d it iv e s  o f  sa n d s , w h ic h  c a n  in f lu e n c e  sa n d  p r o p er tie s  a n d  p in h o le  in  

s te e l  c a s t in g , are  a s  fo llo w s :

1. E f fe c t iv e  c la y : e f f e c t iv e  c la y  in  sa n d  m ix e s  to  b o n d s  sa n d  g ra in  

to g e th er . I f  c la y  c o n te n t  is  to o  m u c h , p e r m e a b ility  w i l l  b e  red u ce d . A  4  to  5%  

b e n to n ite  a d d it io n  i s  c o m m o n ly  u se d  in  th e  s te e l  fo u n d r y [5l

2 . C e r e a l ad d itio n : a d d in g  c e r e a l w i l l  in c r e a se  to u g h n e s s  o f  sa n d , m a k in g  

it r e s is t in g  to  c r a c k in g  b y  th erm a l e x p a n s io n  d u r in g  p o u r in g . C e r e a l is  

d e c o m p o s e d  a t p o u r in g  tem p era tu re; th u s , m o r e  c e r e a l w i l l  y ie ld  m o r e  g a s. A

0 .5 %  to  1%  c e r e a l a d d it io n  is  c o m m o n ly  u s e d  in  th e  s te e l  fo u n d r y 151
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3. M o istu re: a d d in g  w a ter  in  sa n d  m ix  w ill  m a k e  u p  b o n d in g  o f  c la y . I f  

m o istu r e  c o n te n t  in  m o ld in g  sa n d  is  to o  m u c h , g r e e n  c o m p r e s s iv e  stren g th  w i l l  b e  

red u ced .

L o w  c la y  c o n te n t -  H ig h  p e r m e a b ility H ig h  c la y  c o n te n t  -  L o w  p e r m e a b ility

R o u n d e d S u b a n g u lar A n g u la r  C r y sta llin e

Figure 2-2. E ffe c ts  o f  g ra in  s iz e ,  c la y  c o n te n t  a n d  gra in  sh a p e  o n  p e rm ea b ility  o f  

m o ld in g  sand .

F ig u re  2 -2  s h o w  e f f e c t  o f  gra in  s iz e  an d  c la y  c o n te n t  o n  p e r m e a b ility . T h e  

co a rser  gra in  s iz e  w il l  h a v e  grea ter  p o ro s ity  th an  fin e r  g ra in  s iz e . B u t, i f  sa n d  m ix  

h a v e  b o th  f in e  g ra in  a n d  c o a r se  gra in , f in e  g ra in s  w il l  c lo s e  in  th e  v a c a n c ie s
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b e tw e e n  c o a r se  gra in , an d  c a u s e s  lo w e r  p e r m e a b ility . In c r e a sin g  c la y  c o n te n t  and  

a b so rb in g  w a te r  o f  c la y  m a y  r ed u ce  p e rm ea b ility .

S h a p e  o f  sa n d  h a s  s tro n g  in f lu e n c e s  w ith  p e r m e a b ility , in  F ig  2 -2 ,  sh a p es  

o f  m o ld in g  sa n d  are  c la s s i f ie d  a s  fo u r  ty p e s , i .e . ro u n d ed , su b a n g u la r , a n g u la r  an d  

c r y s ta llin e 121. G o o d  m o ld in g  sa n d  sh o u ld  b e  ro u n d ed  sh a p e , b e c a u s e  it c a n  b e  

b o n d e d  w ith  le s s  b in d er. T h e  ro u n d e d  sh a p e  is  w id e ly  u s e d  b e c a u s e  th e  g o o d  

p e r m e a b ility  a n d  sm o o th  m o ld  su r fa c e  fo r  f lo w a b il ity  o f  m o lte n  m eta l. T h e  

c r y s ta llin e  sh a p e  sa n d  is  n o t  c o m m o n ly  u se d  in  fo u n d ry  b e c a u s e  th e  c r y s ta llin e  

sh a p e  c a n  b e  b r o k en  e a s ily  in  m ill in g , w h ic h  c a u s e s  lo w  r e fr a c to r in e ss , lo w  

p e r m e a b ility  a n d  n e e d  m u c h  b in der.

N o r m a lly , m o ld in g  sa n d  is  c o m p o s e d  o f  v a r io u s  g ra in  s iz e ,  b u t th e  g o o d  

m o ld in g  sa n d  sh o u ld  n o t  h a s m u c h  v a r io u s  g ra in  s iz e . T h e  su m m a ry  w e ig h t  o f  th e  

th r e e  h ig h e st  g ra in  s iz e s  fro m  g ra in  d is tr ib u tio n  sh o u ld  eq u a l o r  m o r e  th an  2 /3  ra tio  

b y  w e ig h t  o f  m o ld in g  sa n d , i f  n o t, to o  m u c h  d is tr ib u tio n  w i l l  c a u s e s  lo w  

p e rm ea b ility .

Molding

In  m o ld in g  p r o c e s s , m o is tu r e  a n d  a d d it iv e  c o n te n ts  are fa c to r s  th a t c a n  b e  

ad ju sted . T h e  le v e l  o f  a d ju stm en t d e p e n d s  o n  th e  w o r k in g  c o n d it io n  in  e a c h  

fa cto ry . T h e  q u a lity  o f  th e  c a s t in g  p r o d u c t is  c r it ic a lly  d e p e n d s  o n  th e  p r o c e s s  

p a ra m eters1101. T h e  resea rch  o f  S w e e t in g , T h o rp e  a n d  P e itt it191 s h o w e d  th a t  

in c r e a s in g  th e  a m o u n t o f  b lis te r , a  ty p e  o f  g a s  d e fe c t , re la te  to  lo w e r  p e r m e a b ility  

a n d  h ig h e r  lo s s  o n  ig n itio n . T h is  r e la t io n  is  s h o w n  in  F ig u re  2 -3 .
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Figure 2-3. P lo t  o f  in te r a c tio n s  b e tw e e n  p e r m e a b ility  a n d  lo s s  o n  ig n it io n 191 

Pouring

S o lid if ic a t io n  is  d ir e c tly  r e la te d  to  a ll  ty p e s  o f  p o r o s ity  d e fe c ts ,  s in c e  s o lid  

su r fa c e s  o f  m o lte n  m e ta l th at s o lid ify  f ir st  w i l l  b e  b arrier o f  v e n t in g  g a s . B u b b le s  

o f  g a se s 1" 1 c a n n o t e s c a p e  a n d  re ta in  in  s o l id  m eta l. T h u s , sh ort t im e  o f  

s o lid if ic a t io n  in  m o ld  e n c o u r a g e  su p p o rts  to  re ta in e d  g a s  in  th e  s o l id  m eta l. T h e  

r e la tio n  o f  th is  c a s e  is  s h o w n  in  rese a r c h  o f  S w e e t in g  e t  ฟ .141, w h ic h  s h o w s  th e  

e f f e c t  o f  p o u r in g  t im e  and  m o ld  s e q u e n c e  o f  p o u rin g . T h e  r e su lt  i s  s h o w n  in  

F ig u re  2 -4 , w h ic h  s h o w s  a  d istr ib u tio n  o f  th e  p r o p o rtio n  o f  m o ld s  th a t w e r e  p o u red  

w ith in  a  p articu lar  t im e , th at is  9  s e c o n d , 1 0  s e c o n d , e tc . It c a n  b e  s e e n  th a t b lis te r  

re je c ts  ap p ear to  co rre la te  s tro n g ly  w ith  p o u r in g  t im e , i .e . th e  s lo w e r  m o ld  f i l l in g  

g iv in g  m o r e  b listers .
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Figure 2-4. B lis te r (a  ty p e  o f  g a s  d e fe c ts )  r e je c ts  b y  m o ld  p o u r in g  t im e .[4]

In  th is  c a s e , th e  re je c ts  le v e l  c a n  b e  e x p la in e d  b y  F ig u re  2 -5 , w h ic h  sh o w s  

th at th e  v a r ia tio n  o f  s o lid if ic a t io n  t im e  a n d  p o u r in g  tem p era tu r e  d e p e n d  o n  m o ld  

s e q u e n c e  o f  o n e  la d le . O n  th e  o th er  h a n d , i f  o n e  la d le  is  to  p o u r  to  m a n y  m o ld s ,  

th e  fir st  m o ld  m a y  s o m e t im e s  b e  p o u red  at a  v ary  h ig h  tem p era tu re . T o o  h ig h  

p o u r in g  tem p era tu re  m a y  c a u se  sa n d  b u m  o n  c a s t in g  su r fa c e , in c r e a se  m o is tu r e  

v a p o r iz a tio n  in  m o ld [12] an d  in c r e a se  v o la t i le  g a s  fr o m  d e c o m p o s a b le  a d d it iv e  an d  

sh rin k a g e .
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Gas bubbles Gas bubbles No remains gas
form in float out of in solid metal

molten metal the surface

S o lid if ic a t io n  t im e  
T em p era tu re  drop

P o u r in g  tem p era tu re : A > B > C  5 S o l id if ic a t io n  t im e  ะ A > B > C
M o ld  s e q u e n c e  ะ A , B  , c  , S e v e r ity  o f  g a s  d e fe c t  ะ c  > B  > A

F ig u r e  2 -5 . In flu e n c e  o f  m o ld  se q u e n c e  a n d  p o u r in g  tem p era tu re  o n  g a s  

v e n t ila t io n  d u rin g  so lid if ic a t io n

T h e  literatu re su rv ey  d is c u ss e d  s te e l c a s t in g  p r o c e ss . H o w e v e r , to  s o lv e  

b lo w h o le  p r o b lem , th e  c o n d it io n  o f  e x p e r im e n ta t io n  h a s  to  b e  d e te r m in e d  b y  th e  

a c tu a l d a ta  c o l le c te d  in  th e  rea l c o n d it io n s , w h ic h  h a v e  b lo w h o le  p r o b le m s  in  th e  

sa m p lin g  fa c to r ie s .
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