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Nd-Dy-Fe-B-X (X = Zr, Hf) alloys were exposed to severe corrosion conditions and the corrosion rates vvere followed by various 
technigues (eiectrochemistry, Tafei extrapolation method). The vveight loss vvas measured over a period of 10 weeks in a wet 
corrosion chamber. Corrosion products were anaiysed using X-ray diffraction and the microstructures were investigated by optical 
microscopy and on SEM - EDS. In aggresive media, such as diluted NaCI or H2SO4, the differences between the corrosion rates 
vvere small. The lowest potential difference between the anodic phase (corrosion products) and the matrix, acting as cathode, vvas 
observed in Nd-Dy-Fe-B-Zr alloys. Corrosion rates in fresh vvater vvere 0,30 mm/year for Nd-Dy-Fe-B alloy and 0,02 mm/year for 
Nd-Dy-Fe-B-Zr alloy. The same trend vvas shovvn on samples exposed to conditions of simulated condensed atmospheric humidity. 
The highest cumulative vveight loss occurred vvith pure Nd-Dy-Fe-B alloys and the lowest vvith the alloy improved by Zr02 addition. 
The corrosion rates for three different alloys were 0.089 mm/year for Nd-Dy-Fe-B alloy, 0,072 mm/year for Nd-Dy-Fe-B-Hf alloy and 
0,063 mm/year for Nd-Dy-Fe-B-Zr alloy. 
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Osnovne zlitine Nd-Dy-Fe-B-X (X = Zr, Hf) smo izpostavili agresivnim korozijskim pogojem in zasledovali korozijski proces z 
različnimi metodami (elektrokemija, Taflova ekstrapolacijska metoda). V vlažni komori smo merili izgubo teže v obdobju desetih 
tednov. Korozijske produkte smo analizirali z uporabo X -žarkovne difrakcije ter opazovanjem mikrostrukture z optično mikroskopijo 
in elektronskim mikroskopom opremljenim z EDS. I/ agresivnih medijih kot sta NaCI in H2SO4 so bile razlike y korozijski hitrosti med 
različnimi zlitinami majhne. Najmanjšo razliko potenciala med anodno fazo (korozijski produkt) in matrico, ki deluje kot katoda, smo 
opazili pri zlitini Nd-Dy-Fe-B-Zr. Korozijska hitrost v vodi je bila 0,30 mm/leto pri zlitinah Nd-Dy-Fe-B in 0,02 mm/leto pri zlitinah 
Nd-Dy-Fe-B-Zr. Enako tendenco smo opazili pri eksperimentih, pri katerih so bile zlitine izpostavljene pogojem, ki so simulirali 
nasičeno zračno vlago. Najvišja kumulativna izguba teže je bila dosežena s čistimi Nd-Dy-Fe-B zlitinami in najnižja z Nd-Dy-Fe-B-Zr 
zlitinami. Korozijske hitrosti za različne zlitine so bile 0,089 mm/leto za zlitino brez dodatkov, 0,072 mm/leto za zlitino z dodatkom 
Hf02 in 0,063 mm/leto za zlitino z dodatkom cirkon oksida. 

Ključne besede: korozija, Nd-Fe-B zlitine, trajni magneti 

1 I n t r o d u c t i o n 

A m o n g the r a r e e a r t h b a s e d p e r m a n e n t m a g n e t s , N d -

F e - B m a g n e t s h a v e a s s u m e d a n i m p o r t a n t p o s i t i o n d u e t o 

t h e i r o u t s t a n d i n g m a g n e t i c p r o p e r t i e s 1 , 2 a n d t h e i r u s e is 

s t i l i o n g rovv ing in d i f f e r e n t f i e l d s o f a p p l i c a t i o n 3 . Hovv-

ever , c o t T o s i o n h a s b e e n a p r o b l e m vvith N d - F e - B m a g -

ne t s , b e c a u s e p h a s e s r i c h in r a r e e a r t h e l e m e n t s a r e e a s i l y 

o x i d i s e d in air, e s p e c i a l l y in h u m i d air4-5 . S i n c e c o r r o s i o n 

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

t he o t h e r h a n d , c a n a l s o b e d e t r i m e n t a l t o m a g n e t i c c i r -

cu i t s , m u c h e f f o r t ha s b e e n m a d e t o i m p r o v e t h e c o r r o -

s i o n r e s i s t a n c e o f N d - F e - B m a g n e t s . E v e n c o a t i n g a n d 

p l a t i n g a r e n o t t h e p e r f e c t s o l u t i o n t o t h i s p r o b l e m , b e -

c a u s e t h e y c a n b e i m p e r f e c t a n d allovv t h e p e n e t r a t i o n of 

r e a c t i n g s p e c i e s s u c h as m o i s t u r e to t h e m a g n e t s u r f a c e 6 . 

S e a r c h i n g f o r a b e t t e r r e s i s t a n c e o f t h e m a t e r i a l i t se l f , 

v a r i o u s r e f e r r e d p o s s i b i l i t i e s h a v e b e e n s t u d i e d . 

N a r a s i m h a n e t a l . 7 r e p o r t e d t h a t r a i s i n g t h e o x y g e n 

c o n t e n t to be tvveen 0 , 6 t o 3 , 5 % s i g n i f i c a n t l y i m p r o v e d 

t h e c o r r o s i o n r e s i s t a n c e ; K i m a n d J a c o b s o n r e p o r t e d t ha t 

t h e a d d i t i o n o f A l , D y or D y z 0 3 i m p r o v e d t h e c o r r o s i o n 

r e s i s t a n c e in h u m i d a i r 4 , vvhi le T e n a u d , V i a l , S a g a v v a 8 

a n d H i r o s a v v a e t a l . 9 u s e d V a n d M o to i m p r o v e t h e b a s i c 
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c o r r o s i o n r e s i s t a n c e o f N d - F e - B m a g n e t s . K o b e e t a l . r e -
p o r t e d on t h e b e n e f t c i a l i n f l u e n c e o f ZrC>2 a d d i t i o n n o t 
o n l y to t h e i n e r e a s e d c o e r c i v i t y , b u t a l s o t o t h e c o r r o s i o n 
r e s i s t a n c e o f t h e N d - D y - F e - B m a g n e t s 1 0 . P r e v i o u s l y 
N a k a m u r a 1 1 a t t a i n e d b e t t e r c o r r o s i o n r e s i s t a n c e o f t h e 
N d - r i c h p h a s e b y t h e s u b s t i t u t i o n of F e vvith C o a n d Zr , 
a n d Sagavva e t a l . 1 2 i m p r o v e d t h e c o r r o s i o n r e s i s t a n c e b y 
a d d i t i o n o f C o a n d A l . K i m e t a l . 6 i n f l u e n c e d t h e c o r r o -
s i o n r e s i s t a n c e b y v a r y i n g t h e a m o u n t o f O , C a n d N in 
t h e b a s i c c o m p o s i t i o n o f N d - F e - B m a g n e t s . 

O n t he b a s i s o f t h e p r o m i s i n g r e s u l t s in o u r p r e v i o u s 
w o r k 1 0 , vve c o n t i n u e d o u r s t u d i e s o n t h e i n f l u e n c e o f 
Z r 0 2 a n d H f 0 2 a d d i t i o n s o n 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 t he b a s i c N d - D y - F e - B a l l o y vvith t h e c o m p o -
s i t i on N d i 5 D y i F e 7 6 B 8 . T h e c o r r o s i o n r e s i s t a n c e vvas f o l -
lovved o v e r e x p e r i m e n t a l p e r i o d s d u r i n g vvh ich t h e 
s a m p l e s vvere e x p o s e d t o v a r i o u s s e v e r e c o r r o s i o n c o n d i -
t i ons . 

2 E x p e r i m e n t a l 

T h e b a s i c a l l o y s u s e d f o t t h e c o r r o s i o n e x p e r i m e n t s 
vvere p r e p a r e d b y a r e m e l t i n g t h e a l l o y s N d F e , D y F e , 
F e B a n d F e povvder in a p u r e A r a t m o s p h e r e . In o r d e r to 
p r e v e n t t he o x i d a t i o n Ti s p o n g e vvas u s e d as a g e t t e r f o r 
o x y g e n . T h r e e d i f f e r e n t b a t e h e s vvere p r e p a r e d : A - s a m -
p l e s vv i thou t o t h e r a d d i t i v e s , B - 1 w t . % h a f n i a vvas 



a d d e d b e f o r e a r e m e l t i n g , C - I w t . % o f z i r c o n i a w a s 

a d d e d p r i o r t o a r e m e l t i n g . S a m p l e s w e r e r e m e l t e d t h r e e 

t i m e s in o r d e r t o a t t a i n a b e t t e r h o m o g e n e i t y . B u t t o n s o f 

m e l t e d a l l o y s w e r e s l i c e d a n d p o l i s h e d t o d i s e s , d i m e n -

s i o n a l l y a p p r o p r i a t e f o r t h e c o r r o s i o n t e s t s . 

T h e i n v e s t i g a t i o n s w e r e f o c u s e d o n g e n e r a l c o r r o s i o n 

r e s i s t a n c e , b a s e d o n e l e c t r o c h e m i c a l d e t e r m i n a t i o n s o f 

t h e p o s s i b l e p a s s i v i t y o f e l e c t r o d e s u r f a c e s , o r a e t i v e c o r -

r o s i o n . M o r e o v e r , s e r v i c e c o n d i t i o n s w e r e s i m u l a t e d b y 

e x p o s i n g t h e t e s t s p e c i m e n s i n a w e t c o r r o s i o n f a c i l i t y 

( D I N 5 0 1 7 ) , w i t h t h e a i m o f e s t a b l i s h i n g t h e e f f e c t o f 

c h e m i c a l c o m p o s i t i o n a n d m i c r o s t r u c t u r e o n t h e c o r r o -

s i o n r a t e a n d t h e f o r m o f c o r r o s i o n . 

T h e p o t e n t i o d y n a m i c a n o d i c p o l a r i s a t i o n m e a s u r e -

m e n t s w e r e p e r f o r m e d u s i n g a n E G a n d G - P A R p o t e n -

t i o s t a t a n d " S o f t c o r r 3 5 2 " s o f t v v a r e . E x p e r i m e n t s w e r e 

c a r r i e d o u t in f r e s h w a t e r a n d in v a r i o u s a q u e o u s t e s t - s o -

l u t i o n s c o n t a i n i n g l o w c o n c e n t r a t i o n s o f a g g r e s s i v e i o n s 

s u e h a s C l " a n d SO4 2 *. S u e h m e d i a c o u l d o n l y r e p r e s e n t 

a p p r o x i m a t i v e a t m o s p h e r i c c o n d i t i o n s in t h e i n d u s t r i a l 

e n v i r o n m e n t . E l e c t r o c h e m i c a l d e t e r m i n a t i o n o f c o r r o s i o n 

r a t e s w e r e p e r f o r m e d b y t h e T a f e l p l o t t e c h n i q u e . 

A f t e r e x p o s i n g t h e s a m p l e s t o v a r i o u s c o r r o s i o n c o n -

d i t i o n s t h e y w e r e c h a r a c t e r i s e d b y o p t i c a l a n d e l e c t r o n 

m i c r o s c o p y ( S E M / E P M A J E O L , J X A 8 4 0 A ) . P h a s e s in 

c o r r o s i o n p r o d u c t s w e r e i d e n t i f i e d u s i n g E D S a n d W D S 

a n a l y s i s f a c i l i t i e s a n d a n X - r a y d i f f r a c t o m e t r y ( P h i l i p s 

1 7 1 0 ) . 

3 Results and discussion 

3.1 Effect of the HfC>2 and ZrC>2 additives on the corro-
sion rate of Nd-Dy-Fe-B alloys 

T h e e x a m p l e o f t h e a n o d i c p o l a r i s a t i o n s c u r v e s p r e -

s e n t e d in F i g u r e 1 i n d i c a t e s t h a t a l i o f t h e t h r e e m a t e r i a l s 

c a n n o t a c h i e v e p a s s i v i t y . T h e o v e r a l l s h a p e o f t h e c u r v e s 

i n d i c a t e s t h a t t h e m a t e r i a l s u n d e r g o a e t i v e c o r r o s i o n . I t is 

e v i d e n t t h a t t h e p o t e n t i o d y n a m i c s c a n s d i d n o t r e v e a l a n y 

s i g n i f i c a n t f e a t u r e , s u e h a s a p a s s i v e r e g i o n w h e r e p a s s i -

v a t i o n is s p o n t a n e o u s , t h e p i t t i n g p o t e n t i o n a l o r t h e e r i t i -

c a l a n o d i c c u r r e n t . T h e c o n c l u s i o n f r o m t h e a n o d i c p o -

t e n t i o d y n a m i c s c a n s o f t h e m a t e r i a l s c a r r i e d o u t in d i f -

f e r e n t s o l u t i o n s w a s t h a t n o s i g n i f i c a n t p a s s i v a t i o n o c -

c u r r e d . 

D u e to s u e h p o l a r i s a t i o n b e h a v i o u r o f t h e m a t e r i a l s , 

c o r r o s i o n r a t e m e a s u r e m e n t s w e r e p e r f o r m e d b y t h e 

T a f e l p l o t t e c h n i q u e . T h e c o r r o s i o n r a t e s o f t h e m a t e r i a l s 

t e s t e d vvhen e x p o s e d in v a r i o u s m e d i a a r e p r e s e n t e d in 

T a b l e 1 a n d g r a p h i c a l l y in F i g u r e 2 . 

F r o m t h e s e r e s u l t s it c a n b e c o n c l u d e d t h a t c h l o r i d e 

i o n s d r a s t i c a l l y p r o m o t e c o r r o s i o n . A s t h e i r c o n c e n t r a -

t i o n i n e r e a s e s , s o d o e s t h e r a t e o f c o r r o s i o n . T h e c o r r o -

s i o n p r o c e s s is a l s o p a r t i c u l a r l y d r a m a t i c i n a c i d s o l u -

t i o n s c o n t a i n i n g S O 4 2 " i o n s , w h i c h r e p r e s e n t v e r y 

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

a l i m a t e r i a l s in f r e s h w a t e r a r e r e l a t i v e l y f a v o u r a b l e . I n 

a d d i t i o n , t h e r e s u l t s o f t h i s i n v e s t i g a t i o n s h o w e d t h a t a 

d e f i n e d t r e n d w h i c h f a v o u r s a N D F B - Z r 0 2 m a t e r i a l e x -

i s t s ( F i g u r e 3 , T a b l e 1) . 

T h e s a m e t r e n d a m o n g t h e m a t e r i a l s w a s o b s e r v e d b y 

e x p o s u r e in a w e t c o r r o s i o n f a c i l i t y , b u t a s u b s t a n t i a l i m -

p r o v e m e n t o f t h e c o r r o s i o n p r o p e r t i e s b y a d d i t i o n o f 

Z r O a w a s n o t a c h i e v e d . R e s u l t s a r e p r e s e n t e d i n T a b l e 2 . 
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Figure 1: Potentiodynamie polarisation curves for three types of alloys 
tested in fresh water, 20°C 

Table 1: Corrosion rates of alloys in different media at 20°C 

Mate r i a l M e d i a C o r r o s i o n rate ( m m / y e a r ) 

N F B f r e sh vvater 0 , 3 0 0 

N F B - H f O : f r e sh wa te r 0 , 5 3 0 

N F B - Z r C b f r e s h wa te r 0 , 0 2 2 

N F B 0 , 0 9 M N a C l 2 , 1 2 0 

N F B - H f 0 2 0 , 0 9 M N a C l 2 , 7 1 0 

N F B - Z r 0 2 0 ,09 M N a C l 2 , 6 5 0 
N F B 0 ,17 M N a C l 2 , 6 5 0 

N F B - H f C h 0 , 1 7 M N a C l 3 ,260 

N F B - Z r 0 2 0 , 1 7 M N a C l 3 , 1 5 0 
N F B 0 ,5 M H 2 S 0 4 3 0 3 , 0 

N F B - H f O j 0 ,5 M H2SO4 2 7 4 , 0 
N F B - Z r O j 0 ,5 M H2SO4 237 ,8 

5 4 6 

E 
E 

Figure 2: Corrosion rates of the materials exposed in various media 
presented graphically 



Figure 5: Microstructures (cross sections) of sample with Hf02 (B) 
and sample vvith ZrC>2 (C) (385 x) 

p r o c e e d s in s a m p l e s A . In s a m p l e s B a n d C t h e c o r r o s i o n 
p r o d u c t s a r e l o c a t e d m a i n l y o n t h e s u r f a c e , e s p e c i a l l y in 
s a m p l e s C , vvhere n o d e e p c o r r o s i o n in t h e b u l k m a t e r i a l 
w a s o b s e r v e d . T h e r e a s o n f o r s u c h l o c a l c o r r o s i o n is s u p -
p o s e d t o b e t h e p r e s e n c e o f p a r t i c u l a r p h a s e s . 

M o r e d e t a i l e d a n a l y s e s o f t h e p h a s e s p r e s e n t vvere 
o b t a i n e d b y e l e c t r o n m i c r o s c o p y . F i g u r e 6 s h o w s t h e 
c o m b i n e d B S / S E i m a g e o f a n S E M m i c r o g r a p h o f s a m -
p l e A a n d s p e c t r a o f p h a s e s P i a n d P2. T h e p h a s e s p r e -
s e n t i n t h e c o r r o s i o n p r o d u c t s o f s a m p l e A vvere f o u n d t o 
b e c o m b i n e d N d , D y a n d F e o x i d e s . T h e r a t i o be tvveen 
N d a n d F e o x i d e s d i f f e r s in t h e p h a s e s P i a n d P2. T h e 
r e s u l t s o f s t a n d a r d l e s s q u a n t i t a t i v e a n a l y s e s ( Z A F c o r r e c -
t i on p r o g r a m ) a r e p r e s e n t e d in Table 3. 

Table 3: The results of standardless quantitative analyses of the oxide 
phases 

N d 2 0 3 (wt .%) D y 2 0 3 (wt .%) F e O (wt .%) 
Phase P, 43 ,35 30 ,18 24 ,47 
Phase P 2 07,69 - 92,31 
Phase P n 37,55 24,73 37 ,72 
Phase P | 2 11,99 - 88,01 

In s a m p l e s B a H f - F e r i c h p h a s e vvas d e t e c t e d . T h e 
c o m b i n e d B S / S E i m a g e o f t h e S E M m i c r o g r a p h o f s a m -
p l e B a n d t he c o r r e s p o n d i n g s p e c t r u m o f p h a s e P6 a r e 
shovvn in F i g u r e 7. O t h e r p h a s e s p r e s e n t a r e t h e m a t r i x 
p h a s e P5 ( R E j F e n B ) a n d R E - r i c h p h a s e P7. 

In s a m p l e s C a Z r - F e - r i c h p h a s e vvas f o u n d , m o s t l y 
o n t h e p h a s e b o u n d a r i e s b e t v v e e n t h e h a r d m a g n e t i c 
R E 2 F e i 4 B p h a s e ( P 5 ) a n d t h e R E - r i c h p h a s e ( P 7 ) . A 
c o m b i n e d B S / S E i m a g e o f t h e S E M m i c r o g r a p h o f s a m -
p l e C a n d t h e c o r r e s p o n d i n g s p e c t r u m o f Z r - F e - r i c h 
p h a s e P9 a r e shovvn in F i g u r e 8 . T h e S E M m i c r o g r a p h o f 
t h e s a m e s a m p l e s h o v v i n g d i f f e r e n t p h a s e s in t h e c o r -
r o d e d a r e a a n d t h e c o r r e s p o n d i n g s p e c t r a o f t h e s e p h a s e s 
a r e p r e s e n t e d in Figure 9. In s a m p l e s C , t h e b a r r i e r 
b a s e d o n t he Z r - F e - r i c h p h a s e , vvhich e x i s t s be tvveen t h e 

0 1 2 3 4 6 6 7 8 9 10 
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Figure 3: Cumulative mass-loss of different alloys during 10 vveeks of 
exposure in a wet corrosion chamber 

Table 2:Corrosion rates of alloys exposed in a wet corrosion cabinet 

Material Env i ronment Corros ion rate 
(mm/year) 

N F B Wet corrosion chamber 0 ,089 
N F B - H f O : Wet corrosion chamber 0 ,072 
N F B - Z r O ; Wet corrosion chamber 0 ,063 

3.2 Microstructural study 

C r o s s s e c t i o n o f t h e s a m p l e s A , B , C vvere g r o u n d 

a n d p o l i s h e d vvith d i a m o n d p a s t e . T h e p o l i s h e d s u r f a c e s 

vvere e x a m i n e d b y o p t i c a l m i c r o s c o p y a n d e l e c t r o n m i -

c r o s c o p y ( S E I a n d B S E I ) . T h e p h a s e s p r e s e n t vvere a n a -

l y s e d u s i n g E D S s t a n d a r d l e s s q u a n t i t a t i v e a n a l y s e s . 

F i g u r e 4 shovvs a c o m p a r i s i o n o f t h e m i c r o s t r u c t u r e s 

( c r o s s s e c t i o n s ) o f s a m p l e vvi thout a n y a d d i t i o n ( A ) a n d 

s a m p l e vvith 1 w t . % o f H f 0 2 a d d i t i o n ( B ) . F i g u r e 5 

shovvs t h e c r o s s s e c t i o n s o f t h e p o l i s h e d s u r f a c e s o f s a m -

p l e s vvith H f 0 2 ( B ) a n d Z r 0 2 ( C ) a d d i t i o n . T h e r e is a n 

o b v i o u s d i f f e r e n c e in t h e l e v e l o f c o r r o s i o n a t t a c k b e -

tvveen t h e t h r e e s a m p l e s . T h e m o s t a g g r e s s i v e c o r r o s i o n 

Figure 4: Microstructures (cross sections) of sample without any 
addition (A) and sample vvith 1 wt.% of Hf02 (B) (385 x) 



Phase P 9 44 ,22 54,02 05,76 
Phase P|» 37 ,28 54,35 08,38 

4 Conc lus ion 

T h e r e s u l t s o f t h e c o r r o s i o n e x p e r i m e n t s a n d a n a l y s e s 
o f R E - F e - B - X a I l o y s , a s w e l l a s a n a l y s e s o t t h e c o r r o s i o n 
p r o d u c t s a n d m i c r o s t r u c t u r a l o b s e r v a t i o n a n d a n a l y s e s 
s h o w , t ha t z i r c o n i a a d d i t i o n g i v e s t h e m o s t p r o m i s i n g r e -

Figure 7: Coinbined BS/SE image of SEM micrograph of sample B 
and corresponding spectra of Hf-Fe -rich phase Ps 
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Figure 8: Back scattered image of SEM micrograph of sample C and 
the corresponding spectrum of Zr-Fe -rich phase Pio 

c o r r o s i o n p r o d u c t s ( in t h e R E - r i c h p h a s e ) a n d t h e h a r d 
m a g n e t i c m a t r i x p h a s e , p r e v e n t s t he p r o p a g a t i o n of c o r -
r o s i o n . P h a s e P i o shovvn o n S E M m i c r o g r a p h ( F i g u r e 9 ) 
i l l u s t r a t e s t h i s t e n t a t i v e e x p l a n a t i o n . T h e r e s u l t s o f s t a n -
d a r d l e s s a n a l y s e s o f t h e Z r - F e - r i c h p h a s e s f o u n d a r e p r e -
s e n t e d in T a b l e 4. 

Table 4: The results of standardless quantitative analyses of Zr-Fe 
-rich phases 

Figure 6: Combined BS/SE image of SEM micrograph of sample A 
and spectra of phases Pi and P2 



s u l t s in c o r r o s i o n p r o t e c t i o n o f t h e b a s i c m a t e r i a l . C o r r o -

s i o n r a t e s in f r e s h w a t e r w e r e 0 , 3 0 m m / y e a r f o r N d - D y -

F e - B a l l o y a n d 0 , 0 2 m m / y e a r f o r N d - D y - F e - B - Z r a l l o y . 

T h e s a m e t r e n d vvas shovvn vvhen t h e s a m p l e s vvere e x -

p o s e d t o c o n d i t i o n s v v h e r e c o n d e n s e d a t m o s p h e r i c h u -

m i d i t y vvas s i m u l a t e d . T h e h i g h e s t c u m u l a t i v e v v e i g h t 

l o s s o c c u r e d vvith p u r e N d - D y - F e - B a l l o y s a n d t h e lovv-

e s t vvith t h e a I l o y i m p r o v e d b y Z r O : a d d i t i o n . 

A t e n t a t i v e e x p l a n a t i o n f o r t h e d i f f e r e n c e is t h a t t h e 

c h a n g e in m i c r o s t r u c t u r e is o b v i o u s l y r e s p o n s i b l 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 N d - D y - F e - B - Z r a ! l o y . 

T h e r e a s o n f o r l o c a l c o r r o s i o n is t h e p r e s e n c e o f p a r t i c u -

l a r p h a s e s , ( F e - H f , F e - Z r ) a c t i n g a s a n a n o d e , vvith c o n -

s i d e r a b l e p o t e n t i a l d i f f e r e n c e b e t v v e e n t h e s e a n d t h e m a -

t r i x . A t e n t a t i v e e x p l a n a t i o n f o r t h e f o r m a t i o n o f F e - H f 

a n d F e - Z r - r i c h p h a s e s is t h a t in t h e s a m p l e s vvith HfC>2 

a n d Z r O a a d d i t i o n , d u r i n g t h e a r e m e l t i n g p r o c e s s m o s t 

p r o b a b l y N d f r o m N d - r i c h p h a s e r e d u c e s b o t h o x i d e s 

a n d H f o r Z r - r i c h p h a s e s a r e f o r m e d . T h e y a c t a s t h e 

b a r r i e r b e t v v e e n t h e c o r r o s i o n p r o d u c t s ( i n t h e R E - r i c h 

p h a s e ) a n d t h e h a r d m a g n e t i c m a t r i x p h a s e a n d t o s o m e 

e x t e n t p r e v e n t t h e p r o p a g a t i o n o f c o r r o s i o n . 

T h e i m p r o v e m e n t o f t h e c o r r o s i o n r e s i s t a n c e o f b a s i c 

m a t e r i a l i t s e l f c a n c o n t r i b u t e s i g n i f i c a n t l y t o t h e s t a b i l i t y 

o f c o a t e d m a g n e t i c m a t e r i a l . 
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Figure 9: SEM micrograph of sample C showing various phases in the 
corroded area and the corresponding spectra of phases PJO, PU and P12 
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