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H i g h - s t r e n g t h  t i t a n i u m  a l l o y s  a r e  p r o s p e c t i v e  m a t e r i a l s  f o r  m a M n g  r o t o r s  of c e n t r i f u g a l  s e p a r a t o r s  
d e s i g n e d  f o r  t r e a t i n g  m e d i a  hav ing  a h igh  c h l o r i d e  ion  c o n c e n t r a t i o n .  At  the  p r e s e n t  t i n l e ,  s i x  t y p e s  a r e  p r o -  
duced  i n d u s t r i a l l y  in bu lk  [1]: VT6,  VT14,  V T 3 - 1 ,  VT15,  VT16,  and VT22,  whi ie  the  a l l oys  VT23 and AT6 
a r e  be ing  p r o d u c e d  in t e s t  q u a n t i t i e s .  Th is  a r t i c l e  p r e s e n t s  r e s u l t s  of  an i n v e s t i g a t i o n  fo r  the  b a s i s  of  s e l e e -  
t ing  and u s i n g  the  o p t i m u m  t i tmf ium a l l o y  a c c o r d i n g  to i t s  p r o p e r t i e s  to  p r o v i d e  fo r  high c e n t r i f u g a l  m a c h i n e  
r e l i a b i l i t y .  

In a e c o r d a n e e  with  the  d a t a  in [21 in o r d e r  to p r o v i d e  r o t o r  s t r e n g t h  the  t i t a n i u m  a l l o y s  m u s t  p o s s e s s  
a u ->- 900 MPa ,  A d d i t i o n a l l y ,  t hey  m u s t  p o s s e s s  a d e q u a t e  d u c t i l i t y  (6 = 8-10%).  A l l  the  a l i o y s  l i s t e d  above  
p o s s e s s  the  r e q u i r e d  s t r e n g t h ,  but  on ly  the  a l l o y s  VT6,  V T 3 - 1 ,  and AT6 have  the  r e q u i r e d  d u c t i l i t i e s  {the 
h i g h l y  d u c t i l e  a l l o y  VT16 i s  m a i n l y  used  f o r  b r a c k e t  c o m p o n e n t s  [1]). T h e s e  a l l o y s  have  a l m o s t  t he  s a m e  
c o r r o s i o n  r e s i s t a n e e  in m e d i a  c o n t a i n i n g  c h l o r i d e  ions  [3]. T h e r e f o r e ,  t he  a l l o y s  VT6,  V T 3 - 1 ,  and AT6 w e r e  
i n v e s t i g a t e d .  N e v e r t h e l e s s ,  i t  should  be noted tha t  in the  f ina l  e h o i e e  of  a l l o y  f o r  m a M n g  s e p a r a t o r  r o t o r s  
p r e f e r e n c e  should  be g iven  to the  m a t e r i a l  h a v i n g  the  h i g h e s t  r e s i s t a n c e  to  c r a c k i n g .  I t  m u s t  a l s o  be  t aken  into 
accoun t  tha t  h igh f r a c t u r e  t o u g h n e s s  is a b a s i c  p r o p e r t y  of a m a t e r i a l  which  p r o v i d e s  f o r  r e l i a b l e  r o t o r  s e r v i c e  
[4]. The f r a c t u r e  t o u g h n e s s  c h a r a c t e r i s t i c s  w e r e  d e t e r m i n e d  on fo rg ings  and s t a m p i n g s ,  i . e . ,  s e m i f i n t s h e d  
p r o d u c t s  f r o m  which  the  ma in  r o t o r  e o m p o n e n t s  a r e  m a d e .  The  c h e m i c a l  p r o p e r t i e s  of  t he  s e m i f i n i s h e d  a l l oys  
t e s t e d  a r e  g iven  in T a b l e  1. 
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T A B L E  2 

Semifinished Deforming temperature and heat-treatment 
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Fig. 1 Fig. 2 
Fig. t .  Design sketch and ma ind imens ions  of type ST t e s t  p ieces .  

Fig. 2. F r a c t o g r a m s  for  t e s t  pieces  of var ious  t i tanium alloys: a) alloy VT3- 
1 (s tamping,  see  Table 2); b) alloy VT6 (forging at 940~ see  Table 2); c) a l -  
loy AT6 (forging, see  Table 2). 

TABLE 2 

Test I 
Alloy Ipiece a~ 

[type MPa 

t 1o03 I 
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! 
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35,4 0,39 0,12 

37,0 0,56 0,24 
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16,2 0,29 0,20 

35,3 0,5l 0,35 

52,1 0,58 0,39 

36,6 0,48 0,21 

29.6 0,73 - 

33,5 0,57 0,31 

Scatter range of 
Y'c, N/mS/2 

(720,5+802,6)106 

(790+840,5)10 ~ 

(935,4+986)106 

(761,5+859,5)I0 a 

(723,6--1004,8)10 a 

(628.8--973,3)106 

(616,2+771,0)10 b 

(1121.8 >1125)1U ~ 

Mean value. 
of F,c, N/~ / 

755,2.10 a 

815,3.10 s 

954.3-I0 a 

802,6.10 s 

872,0.105 

777,4.10 a 

701,5.10 ~ 

1121,8.10 ~ 

(1235,5--I276.6)I0~1 1260,8.10 ~ 

It can be seen  that  the semif in ished products  had var ious  initial composi t ions .  The forgings of alloy 
VT3-1 and VT6 were  made by in both the a + fi and a lso  in the fl region.  Af te r  forging,  par t  of the ma te r i a l  
of these  al loys was annealed. The h e a t - t r e a t m e n t  conditions for  the semif inished products  a re  given in Table 

2. 

The main f r ac tu re  toughness c h a r a c t e r i s t i c s ,  the c r i t i ca l  s t r e s s  intensity fac tors  Kic, were  de te rmined  
on t e s t  p ieces  in eccen t r ic  tension in accordance  with the s tandard  method [5, 6]. For  this the t es t  pieces  were  
of type ST having the main dimensions  as shown in Fig. 1. The tes t ing  was conducted on a model " Ins t ron"  

machine.  

The values of  the c r i t i ca l  load PQ, cor responding  to the s t a r t  of unstable c r a c k  growth,  were  de te rmined  
f rom the load /d i sp lacement  d i a g r a m s  by the 5% sect ion method [6]. The values of the s t r e s s  intensi ty fac tor  
KQ cor responding  to the c r i t i ca l  load PQ were  calculated f rom the equation 

(1) 
PQ 

KQ= "c 

where  y is the d imens ion less  s t r e s s  intensi ty f ac to r  de te rmined  f rom tables [7]; b and w a re  geomet r i c  d imen-  

sions (see Fig. 1). 

The c o r r e c t n e s s  of the values obtained for  Kic were  checked by means  of ~ o w n  c r i t e r i a  [5, 8]: 

b and l~2 .5  (KQ/(~0:2)~; (2) 

P . . . .  / p Q ~  1,.1; (3) 
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*~ < I~5%, (4) 

where Pmax is the maximum test  piece load as determined f rom the load/d isp lacement  d iagram;  $o is the 
re la t ive  t r a n s v e r s e  reduct ion of the sect ion "net" of the tes t  piece a f te r  f rac ture ;  l is a geometr ic  dimension 
(see Fig. 1). 

The mechanical  cha rac te r i s t i c s  of the tes t  pieces were  aiso determined.  Tensi le  test ing to de te rmine  
%. 2, Cru, 5, and ~ was ca r r i ed  out in accordance  with All-Union State Standard 1497-73 ,  and for  impact  bend~ 
ing to de te rmine  KCU and KCT in accordance with Ali-Union State Standard 9454-78~ The tes t  pieces were  
cut f rom the forgings and stampings in a tangential  d i rec t ion (consequently, the c r ack  was oriented radically) .  
Three  to five tes t  pieces of each mater ia t  composit ion were  tes ted.  The tes t  resul t s  a re  given in Table 3. 

It should be noted that the conditions (2)-(4) were  .fulfilled for  all the tes t  pieces .  The re fo re ,  the values 
of IrQ calculated by Eq, (1) cor respond to the cr i t ica l  s t r e s s  intensit ies in plane deforming Kle. 

The tes t  resul ts  showed that the f r ac tu re  toughness of VT3-1 alloy af te r  deforming in the ~ +/3 range is 
Klc ~ 790 !79.105 N/m3/2. Deforming in the /3 range increases  the f rac tu re  toughness by 15-20% and this is 
in agreement  with the resul ts  in [9]. After  fl deforming there  is also observed an increase  in the impact duc-  
ti l i ty KCU and par t icu la r ly  of the c rack-propagat ion  work KCT. The f r ac tu re  toughness of VT6 alloy forgings 
differs  (independently of the deforming condition) in the considerable  sca t t e r  (Ktc min < 632-10 ~ N/m3/2; 
Klc max ~ 995'4"105 N/m3/2)" In this case  no influence of the deforming condition on the value of KIc was de-  
tected.  The maximum f rac tu re  toughness for  high proper ty  stabil i ty is possessed  by the AT6 alloy (for forg-  
ings Klc > 1106.105 N/m 3/~, for  stampings Klc ~ 1264. t05 N/m3/2). 

Frac tographic  investigations of the f r ac tu res  (Fig. 2) showed that the f r ac tu re  of AT6 alloy has a c lea r ly  
defined "cup-shape" cha rac t e r  typical for  ductile f rac ture ;  the f rac tu re  of the VT3-1 and VT6 alloys are  of the 
mixed "cup-shaped/grooved"  fo rm cha rac te r i s t i c  for  a more  br i t t le  f r ac tu re .*  

it is possible to de te rmine  the minimum value of Klc n e c e s s a r y  to p revent  br i t t le  f r ac tu re  of a r o to r  
f rom ti tanium alloys on the basis of l inear  f r ac tu re  mechanics .  The cr i t ica l  s t r e s s  % r  cor responding  to the 
s ta r t  of bri t t le  f r ac tu re  in the p resence  of a surface  semiel l ip t ic  c r ack  of depth 1 and length 2c may be d e t e r -  
mined f rom the equation given in [10]: 

f !  .21 ~. Ic-- ~ 
%r=Kc ~V Q- 

(5) 

where Q is a crack shape parameter depending on the ratio l/2c; /cr = 5/rain is the critical crack depth [ii]; 
Imin is the minimum dimension of a defect detectable by ultrasonic defectoscopy of a forging and a stamping. 
For titanium forgings and stampings the dimension of a reliably detectable defect /rain ->- ! ram. Therefere~ 
/or ~ 5 mm for titanium rotors. 

It is well known that the danger of brittle fracture of a structure arises in these cases when the value of 

the critical stress does not exceed the yield point of the material, i.e., (rcr _< %.2 [Ii]o In accordance with 
the data in Table 3 for the AT6 alley the minimum value of the yield point is 881 MPa. It is known that cracks 
arising in structures may vary in shape from strongly elongated to circular, i.e., 0 < l / 2e ~ 0,5. 

In the calculation we assume a mean value of the ratio l/2c = 0.25. In this case in accordance with [10] 

the value of the crack shape parameter Q = 1.25. Then on the basis of Eq. (5) and taking Ocr = %.2 we find 
that in order to prevent brittle fracture the AT6 titanium alloys for making centrifugal separator rotors must 
have a fracture toughness K1c rain >- 1090.2"105 N/m3/2. However, since the values ef %.2 for ~e VT6 and 
VT3-1 alloys are higher than that for the AT6 alloy (see Table 3), the required values ef Kte rain for these 
alloys will also be higher. 

Therefore, the properties of the AT6 alley shows this to be more preferred and it may be recommended 
for  use in sepa ra to r  construct ion.  

i. S. G. Glazunov and V. 
(1974). 
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