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Resume - On compare l e s  changements dOs au f rot tement  i n t e r n e  e t  au module de 
Young, dans l ' g v e n t a i l  de tempBrature de 10 3 600°C, s u r  des Bchant i l lons  cou- 
les en l a b o r a t o i r e  2 p a r t i r  du SONOSTON, un a l l i a g e  b i n a i r e  de Mn-Cu, e t  l e s  
Bchant i l lons  prBlevBs d'une pale  d1h6 l i ce  de SONOSTON. L'Btat de  f rot tement  
i n t e r n e  6lev6, 2 l a  temperature ambiante, du SONOSTON depend fortement de 
l 'ampl i tude e t  l e s  r d s u l t a t s  obtenus sont  semblables 3 ceux observes chez l e s  
a l l i a g e s  ferromagnBtiques. On observe, chez l e  SONOSTON, un p ic  de r e l a x a t i o n  
a i n s i  que chez l ' a l l i a g e  b i n a i r e  de Mn/Cu B - 400°C. Le p i c  de r e l a x a t i o n  de 
400°C e s t  probablement une r e l a x a t i o n  du type Zener met tant  en jeu un arrange- 
ment ordonne r e g u l i e r  des atomes de b h  dO aux con t ra in tes .  

Abs t rac t  - I n t e r n a l  f r i c t i o n  and Young's modulus changes over  t h e  range 10 t o  
6 0 0 ~ ~  i n  l abora to ry  c a s t  samples of SONOSTON, a binary Mn-Cu a l l o y  and 
samples c u t  from a 200-kg p rope l l e r  b lade c a s t  from SONOSTON a r e  compared. 
The high-damping s t a t e  a t  roan temperature i n  SONOSTON i s  very amplitude 
dependent,  and t h e  r e s u l t s  a r e  s i m i l a r  t o  those  observed i n  ferromagnet ic  
high-damping a l loys .  Besides t h e  high-damping peak c l o s e  t o  room tempera- 
t u r e ,  t h e r e  is  a major r e l a x a t i o n  peak i n  SONOSTON and i n  t h e  b ina ry  f i /Cu  
a l l o y  a t  * 400 '~ .  The 4 0 0 ~ ~  peak is probably a Zener-type r e l a x a t i o n  
involving the  s t ress- induced order ing of Mn atoms. 

I - INTRODUCTION 

Alloys based on the  lh-Cu system a r e  of t echno log ica l  i n t e r e s t  because, a f t e r  cer- 
t a i n  thermanechanical t r ea tmen t s ,  t hey  e x h i b i t  a very high i n t e r n a l  f r i c t i o n  (IF) o r  
damping c a p a c i t y  [ I ,  21. A p a r t i c u l a r  a l l o y  o f  t h e  system containing * 52 wt. X Mn, 
* 38 wt.% Cu, and minor add i t ions  of Fe, N i  and A l  t o  improve s t r e n g t h ,  co r ros ion  
r e s i s t a n c e  t o  seawater and c a s t a b i l i t y ,  has  been developed f o r  nava l  p rope l l e r s .  
P rope l l e r s  c a s t  from SONOSTON, t h e  t r a d e  name given t o  t h e  a l l o y  developed by Stone 
Manganese Limited [3 ,4 ] ,  a r e  i n  s e r v i c e  wi th  s e v e r a l  nav ies ,  wh i l e  high-damping 
a l l o y s  of a s i m i l a r  composition a r e  r e f e r r e d  t o  a s  AURORA a l l o y s  [5] i n  t h e  USSR. 

S tud ies  o f  I F  [6-81, e l a s t i c  modulus changes [7 ,9 ] ,  X-ray d i f f r a c t i o n  [lo-121, 
neutron d i f f r a c t i o n  [13-151 , o p t i c a l  metallography [ lo ,  16 ] and e l e c t r o n  microscopY 
[17,18] have es t ab l i shed  t h a t  t h e  high-damping s t a t e  is  assoc ia ted  with an  
an t i f e r romagne t i c  t e t r a g o n a l  s t r u c t u r e ,  which appears  a f t e r  aging t h e  a l l o y  i n  a 
temperature range corresponding t o  a m i s c i b i l i t y  gap [12,15,18] i n  t h e  phase 
diagram. Most of these  s t u d i e s  have focussed t h e i r  a t t e n t i o n  on high Mn (2 6 0  ~ t . % )  
b ina ry  Mn-Cu a l l o y s .  Surp r i s ing ly  l i t t l e  work has  been published on t h e  a l l o y s  t h a t  
have found p r a c t i c a l  a p p l i c a t i o n s .  Also, t h e  n a t u r e  of t h e  d i s s i p a t i o n  mechanism 
respons ib le  f o r  t h e  high-damping c a p a c i t y  is  s t i l l  uncer ta in .  Most a u t h o r s  a t t r i -  
bu te  t h e  damping t o  t h e  movement of twin-domain i n t e r f a c e s ,  wi th  t h e  impl i ca t ion  
t h a t  t h e  presence o f  a s i m i l a r l y  twinned s t r u c t u r e  i n  t h e  absence of antiferromagne- 
t i sm would g ive  r i s e  t o  a s i m i l a r  high-damping phenanenon. This i s  not  t h e  case .  
Even though t h e  same m a r t e n s i t i c  r e a c t i o n  t h a t  y i e l d s  t h e  twin-domain s t r u c t u r e  i n  
Mn-Cu a l l o y s  i s  respons ib le  f o r  t h e  twinned s t r u c t u r e s  i n  In-T1 and Au-Cd a l l o y s ,  
t h e  h igh ly  amplitude dependent,  high-damping peak has  on ly  been observed i n  t h e  
an t i f e r romagne t i c  Mn-Cu a l l o y s  [ lg ] .  
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The purpose of t h i s  paper i s  t o  repor t  s t u d i e s  of IF and Young's modulus changes i n  
samples of l abora tory  c a s t  SONOSTON, and t o  compare t h e  r e s u l t s  with those obtained 
on a b inary  k-Cu a l l o y  and samples cu t  from a 200-kg naval propel ler  blade c a s t  
from SONOSTON. 

I1 - MATERIALS AND TECHNIQUE 

Compositions of t h e  a l l o y s  used i n  t h i s  s tudy a r e  l i s t e d  i n  Table I. Samples A and 
B were cu t  f r a n  ingots  c a s t  a t  t h e  Physical Metallurgy Research Laboratory (W) of 
Energy, Mines and Resources, Canada, and C was cu t  from a prope l le r  blade provided 
by Defence Research E s t a b l i s h e n t  At lan t ic ,  Halifax. The foundry c h a r a c t e r i s t i c s  
and mechanical p roper t i es  of the  m a t e r i a l s  a r e  d e t a i l e d  elsewhere [20,21]. Samples 
i n  t h e  form of small,  rectangular  prisms, t y p i c a l l y  50 mm x 2.5 mm x 1.3 mm, were 
t e s t e d  i n  a low-frequency f lexure  pendulum 1221. To accommodate t h e  l a r g e  zero- 
point d r i f t  t h a t  f requent ly occurs during t h e  i n i t i a l  heat ing of commercial a l l o y s ,  
p a r t i c u l a r l y  samples i n  t h e  "as-machined" s t a t e ,  the  average gap between t h e  
pendulum and the transducer was continuously monitored and adjusted,  when necessary, 
using a computer-controlled stepping motor. 

111 - INTERNAL FRICTION AT ROOM TEMPERATURE 

Samples of  the l abora tory  c a s t  q a t e r l a l s ,  A and B, were t es ted  i n  th ree  conditions: 
(1) a i r  cooled a f t e r  2 h a t  450°c, (2) cooled a t  0.2'~/mi.n a f t e r  2 h a t  850°c, and 
( 3 )  water quenched a f t e r  2 h a t  850 '~.  Surpris ingly,  only t h e  prope l le r  i t s e l f ,  
sample C ,  gave the  expected high damping. A s  shown i n  Figure 1, samples of A could 
be obtained i n  the high damping s t a t e  a f t e r  a f r e s h  heat  treatment a t  450°c, but the  
damping.was not s t a b l e  and gradual ly aged away a t  roan temperature (RT). In con- 
t r a s t ,  t h e  h igh  damping i n  the  p rope l le r  mate r ia l  was suppressed by a water quench 
from 850'~.  Subsequent aging i n  t h e  range 400 t o  4 5 0 ' ~  gave r i s e  t o  even higher 
damping than i n  t h e  "as-cast" condit ion,  but the  damping decayed away t o  approxi- 
mately t h e  o r i g i n a l  l e v e l  of t h e  "as-cast" condit ion with aging f o r  about 1 month a t  
RT . 
Previous s t u d i e s  of t h e  high-damping s t a t e  i n  &I-Cu a l l o y s  have revealed small 
segments of a peak of damping a s  a funct ion of amplitude a t  RT [6]. In t h i s  study, 
i n  some samples of C, most of t h e  peak f e l l  i n t o  the window of  s t r a i n  amplitudes 
observed, a s  shown i n  Figure 2. Such a peak i s  t y p i c a l  of unpinning phenomena and 
of the damping observed in.,ferromagnetic a l loys  i n  the absence of a sa tura t ing  
magnetic f i e l d  o r  a s t a t i c  b i a s  s t r e s s .  It was es tab l i shed  t h a t  t h e  damping has t h e  
following propert ies:  ( i )  i t  i s  s u b s t a n t i a l l y  reduced by a s t a t i c  t e n s i l e  b i a s  
s t r e s s ,  ( i i )  i t  is  a l t e r e d  by prolonged v ibra t ion  a t  a p a r t i c u l a r  amplitude, and 
( i i i )  i t  shows a marked hys te res i s  when measured over a closed loop of increasing 
and decreasing amplitudes. A l l  of these  r e s u l t s  can be understood, a t  l e a s t  
q u a l i t a t i v e l y ,  i f  t h e  mechanism involved is t h e  i n t e r a c t i o n  of ant i ferromagnet ic  
domain boundaries with pinning points  t h a t  have sane mobil i ty  a t  RT. We suspect  
t h a t  higher l e v e l s  of C and S i  i n  so lu t ion  i n  t h e  l abora tory  c a s t  samples a r e  
responsible  f o r  t h e  pinning of t h e  domains t h a t  l eads  t o  the  r e l a t i v e l y  rap id  aging 
away of t h e  high damping a t  RT. 

I V  - INTERNAL FRICTION FROM ROOM TEMPERATURE TO 600°C 

The IF spec t ra  of t h e  SONOSTON samples, A and C, a r e  almost i d e n t i c a l  a t  low s t r a i n  
amplitudes < 10 . A t y p i c a l  example is shown i n  Figure 3. It has t h r e e  main 
features:  ( i )  a peak a t  o r  below RT, ( i i )  a shoulder a t  " 250°c, and ( i i i )  a 
well-defined peak a t  * 400'~.  The corresponding curve f o r  t h e  changes i n  Young's 
modulus shows a minimum a t  * 6 0 ' ~  - the ~ 6 e ;  temperature - and a broad anomalous 
peak over t h e  range from about 1 0 0 ' ~  t o  350 C. Similar anomalous behaviour of t h e  
e l a s t i c  modulus has been reported i n  o ther  antiferromagnetic Mn-based a l l o y s  
[23,24]. The spectrum of t h e  binary a l loy ,  B, i s  somewhat d i f f e r e n t ,  a s  shown i n  

Figure 4 .  I n i t i a l  heat ing of t h i s  mate r ia l  i n  s t a t e  1 revealed the  major peak a t  
.o 400°c, a s  i n  SONOSTON, and a well-defined peak a t  * 250'~.  A t  temperatures lower 
than the  250 '~  peak, the damping is low and f e a t u r e l e s s ,  while the  Young's modulus 



passes  through a broad minimum from about 1 3 0 ' ~  t o  1 9 0 ' ~ .  Fur the r  obse rva t ions  of 
t h e  IF i n  t h e  temperature  range from RT t o  6 0 0 ' ~  shqwed t h a t  i n  t h e  SONOSTON 
samples, t h e  IF was amplitude dependent below t h e  Neel temperature  and e s s e n t i a l l y  
amplitude independent above i t .  

We a t t r i b u t e  t h e  low-temperature, amplitude-dependent peak t h a t  i s  r e s p o n s i b l e  f o r  
t h e  high-damping p r o p e r t i e s  of SONOSTON t o  t h e  s t ress- induced movement of a n t i f e r r o -  
magnetic domain boundar ies .  The peak a t  @ 4 0 0 ~ ~  has  been repor ted  p rev ious ly  [ 8 ] ,  
wi th  t h e  s p e c u l a t i o n  t h a t  i t  i s  a Zener r e l a x a t i o n .  Fran t h e  s h i f t  of t h e  peak with  
frequency over  t h e  narrow range  of 2 t o  6 Hz, we f i n d  t h a t  t h e  r e l a x a t i o n  en tha lpy ,  
HI(, and t h e  pre-exponential  f a c t o r ,  ro ,  a r e  g iven  by .. ., 

+O 18 - (15:;: f) % a ( 1 . 8 ~ - ~ : ~ ~ )  eV and T~ = 10  s 

and t h e  peak i s  on ly  @ 15% broader than a single-time-.of-relaxation peak. HR i s  
c l o s e  t o ,  but  s l i g h t l y  lower than,  t h e  d i f f u s i o n  en tha lpy  of t h e  f a s t e r  d i f f u s e r  fi, 
and t h e  va lue  o f  is i n  keeping with  t h e  D va lue  obta ined by more s t andard  
d i f f u s i o n  t echn iques  1251. Inc reas ing  t h e  cgncen t ra t ion  of vacancies  by h e a t  
t r e a t i n g  a t  850°c, followed by water  quenching, s h i f t s  t h e  peak t o  lower 
temperatures ,  a s  expected f o r  a Zener r e l a x a t i o n .  

V - CONCLUSIONS 

The h igh  damping a t  RT i n  SONOSTON i s  non-linear and typica1,of t h e  movement o f  
magnetic domain boundaries.  It i s  only observed below t h e  Neel temperature  and is  
a t t r i b u t e d  t o  t h e  s t ress- induced movement of an t i f e r romagne t i c  domain boundar ies .  
The peak observed a t  fl 4 0 0 ' ~  i s  most probably a Zener r e l a x a t i o n  a s s o c i a t e d  wi th  t h e  
s t ress- induced o rde r ing  of Mn atoms. 
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TABLE I COMPOSITIONS OF THE ALLOYS 

DESIGNATION ALLOY ELIMENTS ( wt . %) 
Mn Cu A1 Fe N i  C S i 

A R4RL SONOSTON 55.5 36.2  3.79 3.04 1.17 0.046 0.11 
B BINARY Mn-Cu 53 .2  4 6 . 8  - - - 0.15 0 .06 
C PROPELLER 52.4 38.3 4-36 3.16 1.42 0.095 0.07 
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FIG. 1. Ageing at room temperature in 
laboratory cast SONOSTON (material A) 
after annealing at 425O~.  
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FIG. 3 .  I F  and Young's modulus spectrum 
of the propeller material measured at a 
strain amplitude of 1.25 x 10-5. 
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FIG. 2 .  IF vs. amplitude peaks on 
cooling the propeller material from 
600°C. f s 4Hz, strain amplitude = 
nominal amplitude x 2 . 0  x 
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FIG. 4 .  IF and Young's modulus spectrum 
of the binary Mn/Cu alloy measured at a 
strain amplitude of 2.1 x 10-5. 


