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Abstract
A t  o n e  o f  o u r  C u s t o m e r /  E n d - u s e r  c h e m i c a l  p l a n t s  i n  S i n g a p o r e ,  t h e y  h a d  a  p r o b l e m w i t h  
f r e q u e n t  r e p l a c e m e n t  o f  t h e  H a s t e l l o y  C  i m p e l l e r s  [ E x i s t i n g  c a s t ] u s e d  i n  t h e i r  c e n t r i f u g a l  
p u m p s  i n  c o r r o s i v e  s e r v i c e  w i t h  S o d i u m  H y p o c h l o r i t e  a p p l i c a t i o n .  T h e  e x i s t i n g  i m p e l l e r s  w e r e  
a l w a y s  n o t i c e d  w i t h  s e v e r e  p i t t i n g  c o r r o s i o n  d a m a g e  a n d  o f t e n  r e q u i r e d  a  q u i c k  t u r n a r o u n d  t o  
r e p l a c e  t h e  p a r t s  b a c k  t o  s e r v i c e .

W i t h  A d d i t i v e  M a n u f a c t u r i n g  ( A M )  /  3 D  p r i n t e d  [ M e t a l l i c ]  T i 6 A l 4 V  I m p e l l e r  s o l u t i o n ,  i t  h e l p e d  
t o  i m p r o v e  t h e  p a r t  l i f e  t o g e t h e r  w i t h  a  q u i c k  t u r n a r o u n d  t i m e .  3 D  p r i n t e d  T i - 6 A L 4 V  w a s  f o u n d  
t o  h a v e  b e t t e r  c o r r o s i o n  p r o p e r t i e s  a n d  h a s  s u p e r i o r  m e c h a n i c a l  p r o p e r t i e s  o v e r  e x i s t i n g  p a r t .  
T h e  s u m m a r y  o f  t e s t  r e s u l t s  o f  t h e  3 D - p r i n t e d  p a r t  w i t h  s t a n d a r d  c o r r o s i o n  t e s t  i n  t h e  p u m p i n g  
m e d i a  a n d  t e s t  p l a n  v e r i f i c a t i o n  o f  m e c h a n i c a l  p r o p e r t i e s  a r e  d e t a i l e d  i n  t h i s  p r e s e n t a t i o n .  

3 D  p r i n t i n g  s p e c i a l  M e t a l l i c  m a t e r i a l s  a r e  n o t  a l w a y s  e c o n o m i c a l .  T h e  a l t e r n a t e  s o l u t i o n  t o  
A d d i t i v e  m a n u f a c t u r i n g  ( A M ) [ N o n - M e t a l l i c ] m a t e r i a l s  s u c h  a s  P E K K  C F  ( 2 3 % )  w e r e  a l s o  
e x p l o r e d  t o  r e p l a c e  s p e c i a l  m e t a l l i c  m a t e r i a l s  l i k e  T i t a n i u m  a n d  H a s t e l l o y  f o r  l o w - d u t y  
c o r r o s i v e  a p p l i c a t i o n s .  L e s s o n s  l e a r n e d  f r o m  m a t e r i a l  t e s t  a n d  c o r r o s i o n  t e s t  a r e  a l s o  d i s c u s s e d  
i n  t h i s  p r e s e n t a t i o n .

Hastelloy C Impeller [Existing cast]
with  server pitting corrosion 

3D printed [Metallic] 
Ti6Al4V Impeller

3D printed [Non-Metallic] 
PEKK CF (23%) Impeller



Problem:
At o n e  o f  o u r  C u st o m e r /  E n d - u s e r  c h e m i c a l  p l a nt s  i n  S i n ga p o re ,  t h e y  
h a d  a  p ro b l e m  w i t h  f re q u e n t  re p l a c e m e n t  o f  t h e  H a st e l l o y  C  
i m p e l l e rs  c a s t e d  u s e d  i n  t h e i r  c e n t r i f u ga l  p u m p s  i n  s e r v i c e  w i t h  
S o d i u m  H y p o c h l o r i t e  a p p l i c a t i o n .  T h e  ex i s t i n g  i m p e l l e r  w e re  a l w ay s  
n o t i c e d  w i t h  s e ve re  p i t t i n g  c o r ro s i o n  d a m a ge  a n d  o f t e n  re q u i re d  a  
q u i c k  t u r n a ro u n d  t o  re p l a c e  t h e  p a r t s  b a c k  t o  s e r v i c e .

P i t t i n g  C o r r o s i o n  a t t a c k  o n  M e t a l  i m p e l l e r  
a t t a c k e d  b y  S o d i u m  H y p o c h l o r i t e  



Solution 1: AM Metal Impeller

Titanium (Ti6Al4v) 3D printed impeller in service 
since Dec 2019

As Printed

T h e  3 D  p r i n t e d  t i t a n i u m  m a t e r i a l  s a m p l e s  l a b  t e s t e d  a n d  c o r ro s i o n  
ra t e  e s t i m a t e d  w i t h  0 . 1 5  t o  6 %  s o d i u m  H y p o c h l o r i t e  @  2 5 D e c  C  t o  
5 0  D e c  C  w a s  0 . 0 1  m m / y  w i t h i n  a c c e p t a b l e  ra n ge .



Solution 1: AM Metal Impeller
M e c h a n i c a l  P ro p e r t i e s  Te st Tested Material Properties



Solution 1: AM Metal Impeller
N D E :  P T  exa m i n a t i o n  re s u l t s  
s h o w s  n o  s i g n i f i c a n t  s u r fa c e  
d e fe c t s .  

N D E :  R T  exa m i n a t i o n  re s u l t s  
s h o ws  n o  s i g n i f i c a nt  
vo l u m e t r i c  d e fe c t s .  



Solution 2: AM Non-Metal Impeller

As Printed

C h e m i c a l  r e s i s t a n c e  c o m p a r i s o n  o f  c o m m o n  S L S  p r i n t a b l e  m a t e r i a l s :

Hydrochloric Acid
Sodium Hypochlorite 15% 

(Chlorine Bleach)

PEKK A A

PEEK A A

PPS A B

Nylon D D

PP (Polypropylene) A A

P o l y a r y l e t h e r k e t o n e  ( PA E K )  i s  a  f a m i l y  o f  s e m i -
c r y s t a l l i n e  t h e r m o p l a s t i c s  w i t h  h i g h - t e m p e r a t u r e  
s t a b i l i t y  a n d  h i g h  m e c h a n i c a l  s t r e n g t h .  

M a t e r i a l s  t h a t  f a l l  w i t h i n  t h i s  f a m i l y  i n c l u d e :
•P o l y e t h e r k e t o n e  ( P E K )
•P o l y e t h e r e t h e r k e t o n e  ( P E E K )
•P o l y e t h e r k e t o n e k e t o n e  ( P E K K )

Corrosion Resistance

A= No Attack, Negligible effect on mechanical properties

B= Slight attack by absorption. Some swelling and small reduction in 

mechanical

C= Moderate attack of appreciable absorption. Material will have limited life

D= Material will decompose or dissolve in a short

PEKK (HT 23) 3D printed impeller



Solution 2: AM Non-Metal Impeller

• I m p r o v e d  C o r r o s i o n  R e s i s t a n t /  I m p r o v e  p a r t  l i f e :

O n e  o f  t h e  m o s t  i m p o r t a n t  a d v a n t a g e  o f  P E K K  C F  3 D  p r i n t e d  
i m p e l l e r  o v e r  m e t a l  i s  i t s  r e s i s t a n c e  t o  c o r r o s i o n  a n d  e r o s i o n .

PEKK CF 3D printed impeller for 
corrosive service.

B e n e f i t s  o f  P E K K  C F  3 D  p r i n t e d  i m p e l l e r  o ve r  m e t a l l i c  m a t e r i a l :

• I m p e l l e r  i n t e g r a l  w e a r  r i n g /  R e d u c e d  v o l u m e t r i c  l e a k a g e :

3 D  p r i n t e d  i m p e l l e r  c a n  b e  d e s i g n e d  w i t h  i n t e g r a l  w e a r  r i n g .  
P E K K  C F  i n t e g r a t e d  r i n g  w i l l  n o t  g a l l  o r  s e i z e  l i k e  m e t a l  r i n g  
w h i c h  c a n  b e  o p e r a t e d  w i t h  t i g h t e r  c l e a r a n c e  a n d  p e r m i t t i n g  
l e s s  l e a k a g e  t h r o u g h  t h e  r i n g  w h i c h  i n c r e a s e  p u m p  e f f i c i e n c y.

• R e d u c e d  w e i g h t /  s h a f t  d e f l e c t i o n :

P E K K  C F  m a t e r i a l  p e r m i t  a  m u c h  l i g h t e r  w e i g h t  i m p e l l e r  
w h i c h  a l l o w s  r e d u c t i o n  i n  s t a r t - u p  l o a d  a n d  l e s s  s h a f t  
d e f l e c t i o n .  S e v e r  p i t t i n g  c o r r o s i o n  i n  m e t a l l i c  c a u s e  
i m b a l a n c e  i n  r o t o r  w i t h  n o n - m e t a l l i c  c o r r o s i o n  r e s i s t a n c e  
m a t e r i a l  t h e  c o r r o s i o n  a n d  i m b a l a n c e  a r e  e l i m i n a t e d .



C o r ro s i o n  t e s t :

I m m e r s i o n  R e a g e n t s :

• 3 7 %  h y d r o c h l o r i c  a c i d  ( H C I )  s o l u t i o n
• 5 %  S o d i u m  h y p o c h l o r i t e  ( N a O C I )  
s o l u t i o n

O b s e r v a t i o n :
1 . N o  p h y s i c a l  s w e l l i n g  a n d  e x t r a  w e i g h t  
g a i n  o n  s a m p l e  
2 . N o  i n c r e a s e  o f  d i a m e t e r  

3 . N o  v i s i b l e  l o s s  o f  g l o s s ,  n o  t a c k i n e s s ,  
n o  s o f t e n i n g  a n d  n o  c r a c k i n g  o n  t e s t e d  
P E K K  C F  s a m p l e s .

A S T M  D 5 4 3 - 2 0

S t a n d a r d  P r a c t i c e s  f o r  E v a l u a t i n g  t h e  R e s i s t a n c e  o f  P l a s t i c s  t o  C h e m i c a l  R e a g e n t s

Solution 2: AM Non-Metal Impeller



Solution 2: AM Non-Metal Impeller

Mechanical 
Specification

Unit

Datasheet Tested

PEKK CF (HT-
23)

Tested PEKK CF 
(HT-23)

Tensile 
Strength MPa

80 (X) 
77 (Y) 
61 (Z)

66.97 (X) 
57.9  (Y) 
55.1 (Z)

Elongation at 
break %

1.16 (X) 
1.06 (Y)

1.43 (X) 
1.16 (Y) 
1.4 (Z) 

Charpy 
impact 
strength, 
Notched

J/m2 20 / 18
13.8 (X) 
15.2 (Y) 
15.1 (Z) 

Shore 
Hardness

- -
86.65 (X) 
84.75 (Z)

Density g/m3 1390 1371

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

As printed part with test specimens 



Solution 2: AM Non-Metal Impeller
N D E :  C T  S c a n  o n  P E K K  C F  S L S  p r i n t e d  C l o s e  I m p e l l e r

O b s e r v a t i o n :  P o r o s i t y  p e r c e n t a g e  o f  t h e  
i m p e l l e r  i s  2 . 1 9 % .

P o r o s i t y  s i z e  r a n g e  f r o m  0 . 0 2  
t o  0 . 8 2 m m  f r o m  3 D p r i n t e d  
s a m p l e s



Solution 2: AM Non-Metal Impeller
S c a n n i n g  e l e c t r o n  m i c r o s c o p e ( S E M ) Te s t i n g  o n  P E K K  C F :  P o r e s  d i s t r i b u t i o n  o n
p r i n t e d  s a m p l e  

Pore size range : 38.09µm (Minimum) Pore size range : 217.8µm (Maximum)



Solution 2: AM Non-Metal Impeller
E n e r g y  D i s p e r s i v e  X - R a y  A n a l y s i s ( E D X )  a n a l y s i s :  C a r b o n  F i b e r  D i s t r i b u t i o n  

Carbon fiber size range: 7.086µm (Diameter) to 56.32µm 
(Length)  

Carbon fiber uniformly distributed 

Carbon fiber is much smaller than pores (217.8µm) 



Solution 2: AM Non-Metal Impeller
F E A  A n a l y s i s  o n  N o n - M e t a l l i c  i m p e l l e r

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

• T h e  h u b  a n d  s h r o u d  O D  t o  a c c o u n t  f o r  p r e s s u r e  p u l s a t i o n s  a n d  p r o v i d e  
c o n s e r v a t e  i n p u t s .  



Solution 2: AM Non-Metal Impeller
F E A  A n a l y s i s  o n  N o n - M e t a l l i c  i m p e l l e r

• M a x  V o n  M i s e s  S t r e s s  o n  Tr a i l i n g  b l a d e  e d g e : 1 6  M P a  v s .  5 5  M P a  y i e l d  
s t r e n g t h .  

• O p e r a t i o n  a t  m i n  f l o w  v a l u e  w i l l  s i g n i f i c a n t l y  i n c r e a s e  t h e s e  s t r e s s e s .

• P e a k  s t r e s s  f o u n d  a t  t h e  s h a r p  t r a i l i n g  e d g e  o f  t h e  i m p e l l e r  b l a d e .

D e b u r  s h a r p  e d g e s



Lessons Learned: 
• T h e  n o n - m e t a l l i c  i m p e l l e r  wa s  c a l c u l a t e d  t o  h ave  a d e q u a t e  

m e c h a n i c a l  s t re n gt h  fo r  o p e ra t i o n  a t  i t s  ra t e d  d u t y.  O p e ra t i o n  a t  
m i n i m u m  f l o w  ra t e  m ay  c a u s e  i s s u e s  w i t h  re s p e c t  t o  s t r u c t u ra l  
i n t e g r i t y.

• Te n s i l e  a n d  i m p a c t  s t re n gt h  re s u l t  fo r  n o n - m e t a l l i c  p r i n t e d  c o u p o n s  
h u ge  d i re c t i o n a l  d e p e n d e n c y  c o m p a re d  t o  m e t a l l i c  3 D  p r i n t e d  p a r t s .  
Po ro s i t y  l e ve l  i n  n o n - m e t a l l i c  S L S  p a r t s  h i g h e r  t h a n  m e t a l .

• D e g ra d a t i o n  o n  m e c h a n i c a l  p ro p e r t i e s  a f t e r  n o n - m e t a l l i c  m a t e r i a l  
ex p o s u re  t o  c h e m i c a l s  a re  n o t  b e e n  e va l u a t e d .  N e e d e d  f u r t h e r  s t u d y.  

• T h e  p ro c e s s i n g  p a ra m e t e rs  o f  S L S  p ro c e s s e s  s i g n i fi c a n t l y  a f fe c t  t h e  
s t r u c t u ra l ,  p hy s i c a l ,  a n d  m e c h a n i c a l  p ro p e r t i e s  o f  t h e  fa b r i c a t e d  
p a r t s .  



Solution Summary:

P r o b l e m  c a s e S o l u t i o n  1 S o l u t i o n  2

E x i s t i n g  H a s t e l l o y  C
I m p e l l e r  P i t t i n g  d a m a g e

R e q u i r e s  F r e q u e n t  
R e p l a c e m e n t

I m p e l l e r

T e c h n o l o g y C a s t i n g

L e a d t i m e 1 8  w e e k s

Ta b l e  b e l o w  s h o w  t h e  r e l a t i v e  l e a d - t i m e  c o m p a r i s o n  o f  3 D  p r i n t i n g  o f  i m p e l l e r  i n  
T i t a n i u m  a n d  P E K K  C F  ( H T - 2 3 )  w i t h  e x i s t i n g  c a s t .  P o l y m e r  p r i n t e d  i m p e l l e r  s i g n i f i c a n t l y  
r e d u c e  i n  l e a d - t i m e  a s  i t  d o e s  n o t  h a v e  t o  g o  t h r o u g h  h e a t  t r e a t m e n t  a n d  s u p p o r t  
r e m o v a l  p o s t  p r o c e s s e s .

M e t a l  A M
T i t a n i u m i m p e l l e r  

A M - D M L S

6  w e e k s

N o n - M e t a l  A M  
P E K K  ( H T - 2 3 )  

i m p e l l e r

A M  - S L S

4 w e e k s

AM – Additive Manufacturing; DMLS – Direct Metal Laser sintering; SLS – Selective Laser sintering 


