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• M a n u f a c t u r e r s  e x p e c t s  l o n g e r  i n d u c t i o n  c o i l  l i f e t i m e  
t o  c o m p e t e  t o d a y s  g l o b a l  m a n u f a c t u r i n g  e n v i r o n m e n t

• T h e  l i f e t i m e  o f  a n  i n d u c t i o n  h e a t  t r e a t i n g  c o i l  i s  
o f t e n  l i m i t e d  b y  e i t h e r  t h e  t h e r m a l  f a t i g u e  b e h a v i o r  
o f  c o p p e r  o r  t h e  d e g r a d a t i o n  o f  m a g n e t i c  f l u x  
c o n t r o l l e r s  ( M F C ’ s )  u s e d  f o r  i n d u c t i o n  s y s t e m  
p e r f o r m a n c e  i m p r o v e m e n t .  

• 2  t y p e s  o f  M F C ’ s  a r e  c o m m o n l y  u s e d  o n  i n d u c t i o n  
h e a t  t r e a t i n g  c o i l s
• I r o n  S i l i c o n  L a m i n a t e  S h e e t s  ( L a m i n a t i o n s )

• S o f t  M a g n e t i c  C o m p o s i t e  M a t e r i a l s  ( S M C ’ s )

• C o r r o s i o n  i s  o n e  t h e  s o u r c e s  o f  l i m i t i n g  l i f e t i m e  o f  
M F C ’ s  ( b o t h  l a m i n a t i o n s  a n d  S M C ’ s )

Background
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• C o r r o s i o n  o f  M F C ’ s  c a u s e d  b y  
c o m b i n a t i o n  o f  e l e v a t e d  
t e m p e r a t u r e s  a n d  o x i d i z i n g  
a g e n t s  ( q u e n c h a n t s ,  a i r ,  s t e a m )

• A s  M F C ’ s  c o r r o d e ,  l o c a l  
c o n d u c t i v i t y  i s  i n c r e a s e d ,  w h i c h  
c a n  l e a d  t o  r e d u c e d  m a g n e t i c  
p r o p e r t i e s  a n d  i n c r e a s e d  l o s s e s

• F o c u s  o f  t h e  p r e s e n t a t i o n  i s  o n  
c o r r o s i o n  p r e v e n t i o n  o f  S M C ’ s

Corrosion of MFC’s in Induction 
Heat Treating Applications

R u s t e d  l a m i n a t i o n s  o n  
a  c r a n k s h a f t  c o i l
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• S M C ’ s  f o r  i n d u c t i o n  h e a t  t r e a t i n g  a r e  m a n u f a c t u r e d  
w i t h  a  p r o t e c t i v e  l a y e r  o n  e a c h  p a r t i c l e  a n d  i s o l a t i o n  
b e t w e e n  p a r t i c l e s

• H o w e v e r ,  a l l  S M C ’ s  h a v e  p o r o s i t y  a n d  m o s t  S M C ’ s  
a r e  m a c h i n e d  p r i o r  t o  t h e i r  a p p l i c a t i o n  o n  a n  
i n d u c t i o n  h e a t  t r e a t i n g  c o i l

• T h e  m a c h i n i n g  p r o c e s s  r e m o v e s  p r o t e c t i v e  c o a t i n g s  
f r o m  t h e  s u r f a c e  l a y e r ,  p r o v i d i n g  a  s i t e  f o r  c o r r o s i o n  
i n i t i a t i o n

• T h e r e f o r e ,  t h e  m o s t  p r o s p e c t i v e  m e t h o d  f o r  c o r r o s i o n  
p r o t e c t i o n  i s  t o  a p p l y  a  c o r r o s i o n  r e s i s t a n t  l a y e r  
o v e r  t h e  s u r f a c e  o f  t h e  m a c h i n e d  c o n c e n t r a t o r  t o  
p r o t e c t  t h e  s u r f a c e  a n d  v o l u m e  f r o m  o x i d i z i n g  a g e n t s  

Corrosion Prevention for SMC’s
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• F o u r  c o m m e r c i a l l y  a v a i l a b l e  S M C ’ s  w e r e  t e s t e d  
( F l u x t r o l  1 0 0 ,  F l u x t r o l  A ,  F l u x t r o l  5 0  a n d  F e r r o t r o n  
5 5 9 H )

• 3  D i f f e r e n t  C e r a m i c  P o l y m e r  M a t r i x  C o a t i n g s  w i t h  a  
t h i c k n e s s  o f  1 0  t o  4 0  m i c r o n s  w e r e  c o m p a r e d

• 2 4  S a m p l e s  w e r e  m a c h i n e d ,  e t c h e d  a n d  c l e a n e d  t o  
t h e  s a m e  d i m e n s i o n s  p r i o r  t o  c o a t i n g

• 1 2  o f  t h e  2 4  s a m p l e s  a l s o  u n d e r w e n t  a n  a d d i t i o n a l  
s u r f a c e  p r e p a r a t i o n  t e c h n i q u e  d e s i g n e d  t o  s e a l  n e a r  
s u r f a c e  p o r o s i t y  p r i o r  t o  c o a t i n g

• A S T M  D  1 7 3 5  h u m i d i t y  t e s t i n g  w a s  d o n e  o n  a l l  
s a m p l e s
• C h a m b e r  t e m p e r a t u r e  1 0 0  C  a n d  1 0 0 %  h u m i d i t y

• S a m p l e s  e v a l u a t e d  a t  2 4 ,  4 8 ,  7 2  a n d  1 6 8  h o u r s  

Case Study Conditions
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Table of Results – Coating A

ASTM D1735  Surf.
Prep.

Hours of Testing

Sample Material Coating 24 48 72 168

H1 Fluxtrol A A Yes No No No No

H2 Fluxtrol A A No No No No No

H3 Fluxtrol 50 A Yes No No No No

H4 Fluxtrol 50 A No No No No No

H5 Fluxtrol 100 A Yes No No No Yes

H6 Fluxtrol 100 A No No No No No

H7 Ferrotron 559H A Yes No No No No

H8 Ferrotron 559H A No No No No No
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Table of Results – Coating B

ASTM D1735
  Surf.

Prep.
Hours of Testing

Sample Material Coating 24 48 72 168

H9 Fluxtrol A B Yes No No No No

H10 Fluxtrol A B No No No No No

H11 Fluxtrol 50 B Yes No No No No

H12 Fluxtrol 50 B No No No No Yes

H13 Fluxtrol 100 B Yes Yes Yes Yes Yes

H14 Fluxtrol 100 B No Yes Yes Yes Yes

H15 Ferrotron 559H B Yes No Yes Yes Yes

H16 Ferrotron 559H B No No No No No
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Table of Results – Coating C

ASTM D1735
  Surf.

Prep.
Hours of Testing

Sample Material Coating 24 48 72 168

H17 Fluxtrol A C Yes No No Yes Yes

H18 Fluxtrol A C No No No Yes Yes

H19 Fluxtrol 50 C Yes No No Yes Yes

H20 Fluxtrol 50 C No No No Yes Yes

H21 Fluxtrol 100 C Yes No No Yes Yes

H22 Fluxtrol 100 C No No No Yes Yes

H23 Ferrotron 559H C Yes No No No No

H24 Ferrotron 559H C No No No Yes Yes
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Coating A Samples after 168 Hours

E d g e  D e f e c t
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• D e f e c t  o b s e r v e d  i s  n e a r  
a  c o r n e r  o f  t h e  s a m p l e

• S u b s e q u e n t  c o a t i n g  
t r i a l s  h a v e  s h o w n  t h e  
p o s s i b i l i t y  t o  e l i m i n a t e  
t h i s  d e f e c t  b y  u s i n g  a  
r a d i u s  i n s t e a d  o f  a  
s q u a r e  c o r n e r

Defect Observed on Fluxtrol 100 Sample 
with Additional Surface Preparation – Coating A 
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Magnified Fluxtrol 100 Coating A Samples 
after 168 Hours of Testing in Central Region

A d d i t i o n a l  S u r f a c e  P r e p a r a t i o nS t a n d a r d
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Coating A Samples after 168 Hours

S u r f a c e  D e f e c t
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• D e f e c t  o b s e r v e d  o n  t h e  
r e g u l a r  s u r f a c e  r e g i o n

• M u l t i p l e  p i n h o l e  d e f e c t s  
a p p e a r  t o  b e  p r e s e n t  i n  
t h e  c o a t i n g

Magnified Defect Observed on Fluxtrol 100 Sample 
with Additional Surface Preparation – Coating B  
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Coating C Samples after 168 Hours

D e f e c t s
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• M u l t i p l e  d e f e c t s  
o b s e r v e d  n e a r  t h e  
s a m p l e  c o r n e r s

• L e v e l  o f  c o r r o s i o n  
a p p e a r s  t o  b e  m u c h  
m o r e  p r o n o u n c e d  t h a n  
o n  s a m p l e s  w i t h  C o a t i n g  
A  o r  B

Defects Observed Sample with Coating C   
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• F o u r  c o m m e r c i a l l y  a v a i l a b l e  S M C  w e r e  c o a t e d  w i t h  t h r e e  
d i f f e r e n t  c e r a m i c  p o l y m e r  m i x t u r e - b a s e d  m a t e r i a l s

• A l l  t h e  m a t e r i a l s  w e r e  t e s t e d  b y  A S T M  D 1 7 3 5  h u m i d i t y  
t e s t  f o r  2 4 ,  4 8 ,  7 2  a n d  1 6 8  h o u r s  i n  a  c h a m b e r  t h a t  w a s  
m a i n t a i n e d  a t  1 0 0 o C  a t  1 0 0 %  h u m i d i t y

• T h e  r e s u l t s  s h o w e d  p r o m i s e  f o r  i m p r o v i n g  t h e  c o r r o s i o n  
r e s i s t a n c e  o f  S M C ’ s  i n  i n d u c t i o n  h e a t  t r e a t i n g  
a p p l i c a t i o n s .

• T h e  b e s t  r e s u l t s  w e r e  o b t a i n e d  b y  C o a t i n g  A .  N o  
a p p r e c i a b l e  c h a n g e  w a s  n o t i c e d  i n  7  o u t  o f  8  s a m p l e s .  
F o r  t h e  e i g h t h  s a m p l e  s o m e  c o r r o s i o n  w a s  n o t i c e d  a t  t h e  
e d g e  o f  t h e  s a m p l e ,  w h i c h  c a n  l i k e l y  b e  r e s o l v e d  b y  
a d d i n g  a  s m a l l  r a d i u s  t o  t h e  c o r n e r .

• T h e  t e s t i n g  d i d  n o t  p r o v i d e  a n y  a d v a n t a g e  o r  
d i s a d v a n t a g e s  o f  u s e  o f  a n  a d d i t i o n a l  s u r f a c e  p r e p a r a t i o n  
m e t h o d .  A d d i t i o n a l  s u r f a c e  p r e p a r a t i o n  m a y  p r o v e  
a d v a n t a g e o u s  i n  l i m i t i n g  t h e  d e p t h  o f  c o r r o s i o n ,  b u t  
a d d i t i o n a l  t r i a l s  a r e  r e q u i r e d  t o  d e t e r m i n e  t h i s .  

Conclusions
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• S t u d y  d i f f e r e n t  s u r f a c e  p r e p a r a t i o n  t e c h n i q u e s  a n d  
c o a t i n g  t e c h n i q u e s  f o r  e f f i c i e n t  c o r r o s i o n  p r e v e n t i o n

• F i e l d  t e s t s  o f  t h e  c o a t i n g s  o n  h e a t  t r e a t m e n t  c o i l s  t o  
d e t e r m i n e  t h e  i m p a c t  o f  t h e  c o a t i n g s  o n  i n d u c t i o n  
c o i l  l i f e t i m e

• S t u d y  o f  t h e  i n f l u e n c e  o f  v a r i o u s  l e v e l s  o f  c o r r o s i o n  
o n  t h e  c r i t i c a l  p r o p e r t i e s  o f  t h e  S M C ’ s

Future Work
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Questions 
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