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Abst ract  

The purpose of t h i s  psper i s  t o  present  t o  f e l l o w  GAS users 
O - u - r d t i e -  Hn- ivers i ty 's  e f f o r E .  One o f  the  major experiments i n  our GAS 
conta iner  i s  concerned w i t h  the exper imental  p roduc t ion  o f  a foamed metal .  
A foamed metal i s  one t h a t  conta ins a s i g n i f i c a n t  amount o f  gas bubbles 
suspended i n  i t s  s o l i d  volume. Purdue's GAS team proposes t o e d o  t h i s  w i t h  
the he lp  o f  a s o l i d  z inc  carbonate t h a t  gives o f f  carbon d iox ide  a t  h igh  
temperatures. Because o f  low energy requirements, t he  metal  used f o r  t h i s  
experiment i s  t i n .  It i s  hoped t h a t  the  use o f  near zero environment w i l l  
keep the suspended bubbles more uni form than i n  an e a r t h  based process, 
hence n o t  dep le t i ng  the  phys ica l  s t reng th  o f  t he  materal  as g r e a t l y  as i s  
observed on ear th .  

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

A major problem w i th  cons t ruc t i on  o f  l a r g e  space s t ruc tu res  i s  t h a t  

l a rge  amounts o f  ma te r ia l  must be brought f rom e i t h e r  the ea r th  or  the  moon. 

This i s  both expensive and t ime consuming. One methbd t h a t  has been pro- 

posed t o  overcome t h i s  problem i s  t o  produce a t  the cons t ruc t i on  s i t e  a 

ma te r ia l  t h a t  has smal l  gas bubbles un i fo rmly  d i s t r i b u t e d  throughout the 

foamed meta l ' s  volume. This  process g r e a t l y  increases the useful ma te r ia l  

wh i l e  decreasing the  expense t o  b r i n g  the  m a t e r i a l  t o  space. Not on ly  

could t h i s  type o f  m a t e r i a l  be used f o r  s t r u c t u r a l  purposes bu t  a lso  f o r  

r a d i a t i o n  s h i e l d i n g  from the  sun. The amount and type o f  gas would l a r g e l y  

depend on the purpose chosen f o r  the foam metal. 

The Purdue GAS team i s  p lanning t o  produce a sample o f  a foamed metal. 

This w i l l  be a c y l i n d r i c a l  p iece  o f  t i n ,  3 inches i n  he igh t  and 1 inch i n  

diameter, having 1/2 o f  t he  volume occupied by carbon d iox ide.  P lac ing  t h e  

carbon d iox ide  i n t o  the t i n  w i l l  be done by a foaming agent ( a  chemical 
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t h a t  g ives  off a gas a t  h igh  temperatures). For our purposes, a minimum 

energy foaming agent i s  desired, so z inc  carbonate i s  chosen. 

k e l v i n ,  z inc  carbonate decomposes t o  z i n c  oxide and carbon d iox ide .  

Because o f  t h e  smal l  amount o f  foaming agent requ i red ,  the  i m p u r i t y  r e s u l t -  

i n g  f rom t h e ' z i n c  oxide i s  n e g l i g i b l e .  

A t  575 

.) 

Th is  experiment i s  broken down i n t o  th ree  d i s t i n c t  phases: (1)  con- 

s t r u c t i o n  ( p r e f l i g h t ) ,  ( 2 )  exper imental  ( f l i g h t )  and (3) t e s t i n g  (pos t -  

f l i g h t ) .  Each o f  these are discussed below. 

2. Const ruc t ion  ( p r e f l i g h t )  

I n  order t o  ob ta in  the des i red  f i n a l  geometry, a c y l i n d r i c a l  con ta in -  

ment vessel  w i t h  moveable p i s t o n  heads i s  chosen. A movable p i s t o n  i s  

necessary t o  a l low expansion du r ing  the  foaming process when the carbon 

d iox ide  gas i s  given o f f .  

of z i n c  carbonate ( t h e  foaming agent) suggested t h a t  a ceramic conta iner  

would be su i tab le .  

The temperatures requ i red  f o r  t he  decomposition 

Another cons idera t ion  i n  t h i s  s e l e c t i o n  i s  t h a t  the  vessel has t o  be 

s t r u c t u r a l l y  strong, have h igh  thermal c o n d u c t i v i t y  (k ) ,  low s p e c i f i c  heat 

(Cp) and low dens i ty .  These requirements w i l l  minimize the chances of  t h e  

vessel  break ing on launch due t o  v i b r a t i o n s  and p rov ide  f o r  a low weight 

conta iner .  

the nichrome heat ing  c o i l  around the  conta iner  would q u i c k l y  be t r a n s f e r r e d  

t o  the  t i n  sample. The low c a p a c i t y  would i nsu re  minimal heat re tens ion  by 

the conta iner .  A f t e r  much cons ide ra t i on  an alumina ceramic conta iner  i s  

chosen w i t h  dimensions g iven i n  Fig.  1 (and the  phys ica l  p r o p e r t i e s  o f  k = 

18.5 W/m K, Cp = 906, J/kg K, dens i t y  = 3850 kg/cubic  meter). To heat the  

z inc  carbonate, t o  decomposition temperature, a nichrome w i r e  i s  used. 

The h igh  c o n d u c t i v i t y  would i nsu re  t h a t  t he  heat g iven o f f  by  

For 
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the  heat requirements, a t o t a l  of 9.2 tu rns  (.66 conta iner  he igh t  ohms/ft.) 

i s  needed, r e q u i r i n g  one t u r n  every 1/3 inch. To ensure t h a t  most of t he  

heat given o f f  i s  e f f e c t i v e l y  used, a g lass f i b e r  b lanket  (k  = .038 W/m K, 

Cp = 835 J/kg K, dens i t y  = 32 kg/cubic meter) i s  used t o  i n s u l a t e  the 

nichrome w i r e  from the  environment. 

To enable the  now l i q u i d  t i n  t o  s o l i d i f y ,  a f t e r  the z i n c  carbonate has 

decomposed, an aluminum rod  (1 /8  inch diamter, dens i t y  = 2700, kg/cubic 

meter, k = 237 W/m K, Cp-903, J/kg K) i s  p laced so t h a t  when the two con- 

tainment p is tons,  seen i n  F igure  1, are expanded f u l l y ,  one i s  i n  contac t  

w i t h  one end of the  rod. The other  end of t h i s  rod  i s  connected t o  the  

passive thermal c o n t r o l  s a l t  t h a t  i s  used t o  c o n t r o l  the temperature o f  t he  

, 

whole payload. By doing t h i s ,  the  thermal ly  "ho t "  reg ion  o f  the  experiment 

i s  connected w i t h  the  thermal s ink  o f  t he  passive heat  c e l l s .  The heat 

c e l l s  absorb energy i f  n o t  f u l l y  charged, which w i l l  be the  case by t h e  

t ime the  experiment i s  i n  operat ion.  

which prevents the sample from having nonuniform carbon d iox ide  bubbles 

t h a t  can be caused by poss ib le  o r b i t e r  maneuvers du r ing  a long s o l i d i f i -  

c a t i o n  per iod.  

This  speeds up the  coo l i ng  process, 

To insure  t h a t  i n  a weight less environment the poston heads s tay  i n  

contac t  w i t h  the  t i n - z i n c  carbonate mix tu re  a "pseudovacuum" i s  created. 

This  i s  done by  f i r s t  heat ing  up the requ i red  amount o f  t i n  t o  the l i q u i d  

phase, b u t  below the  decomposition temperature o f  z inc  carbonate (575 k) ,  

then adding the z i n c  carbonate as a so l i d .  Th is  l i q u i d  m ix tu re  i s  poured 

i n  t o  the  containment vessel w i t h  one end blocked by a p i s t o n  head. 

a l low ing  i t  t o  s o l i d i f y ,  t he  s o l i d  c y l i n d e r  o f  t i n - z i n c  carbonate m ix tu re  

i s  removed from the  conta iner  and the ends o f  the sample are ground t o  

A f te r  

remove any ox id ized  t i n  as w e l l  as modify ing a f l a t  sur face f o r  contact  
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w i t h  the other piston head. 

piston head are held against one another while these two pieces (tin-zinc 

carbonate f i r s t )  are pushed i n t o  the containment vessel u n t i l  the uncovered 

end o f  the tin-zinc carbonate is flush w i t h  the centerline of the hole for  

the stopbar (see figure 1) .  The stopbars are used to  prevent the piston 

heads from overextending d u r i n g  the foaming process. 

other p i s t o n  can be p u t  i n  place while the trapped a i r  escapes o u t  the stop- 

bar hole. These three pieces are pushed down a l i t t l e  more and the stop- 

bars are p u t  i n  place. Because there is l i t t l e  space between the pistons 

and container wal l ,  no a i r  is able t o  separate the pistons and the tin-zinc 

carbonate sample, regardless of re la t ive  position of the piston tin-zinc 

carbonate pieces t o  the containment vessel. 

then wrapped around the containment vessel, The glass f iber  insulation 

blanket is added leaving room for the ex i t  of the aluminum heat sink rod 

and the nichrome heating wire leads to  the power supply.  The en t i re  appara- 

tus is now complete and ready for launch. 

Next, the s o l i d  tin-zinc carbonate and one 

In this position the 

, 

The nichrome heating wire is 

60 



Nichrome 
Wire 

5 t o p  bars 
1. S inches 
in length 

Tin-Zinc 
Carbonate 

Containment 
Cylinder- 

Insulation T 

3 i s t o n  Heads 

: 0" 

i- 

\ 118 i n c h  diameter aluminum 
h e a t  s i n k  r o d  

F i g u r e  1 Cross S e c t i o n a l  view o f  A p p a r a t u s  

61 



3. Experimental ( f l i g h t )  

Once i n  o rb i t  d u r i n g  a per 

maneuvers, the nichrome heating 

od when the Orbiter 

wire is turned on by 

s not making any 

the can i s t e r ' s  micro- 

control ler .  The micro-controller will hold the temperature of the wire a t  

about 600 K which is approximately 25 K above the decomposition temperature 

of zinc carbonate. T h i s  is t o  be done by a d i r ec t  temperature feedback 

system using a thermocouple placed on the outer containment vessel wall 

(not shown i n  F i g .  1 ) .  

up period fo r  the container, then the t i n  sample goes i n t o  the l i q u i d  phase 

(595 K). 

this decomposition the  zinc carbonate becomes zinc oxide and carbon dioxide. 

Because carbon dioxide is  a gas and zinc carbonate is a sol id  the volume 

increases greatly,  moving the pis tons away from each other u n t i l  s topped by 

the stopbars. Using a f i n i t e  difference thermal model the approximate 

to t a l  time required between warm-up and decomposition o f  zinc carbonate 

wi l l  be 10 seconds. Thus  a timed power shut down a f t e r  15 seconds is suf f i -  

c ient .  Because of the insulation almost a l l  of the required 10.5 kJ of 

power will be dumped in to  the passive heat c e l l  used by the e n t i r e  canis te r ,  

Using another f i n i t e  difference thermal model, the estimated time required 

between power s h u t  down and so l id i f i ca t ion  w i l l  be less than 5.0 minutes. 

Once power is applied, there will be a short  warm- 

, 

Decomposition of zinc carbonate begins a t  about 575 K. D u r i n g  

4. Testing ( p o s t f l i g h t )  

After the f l i g h t  the foamed sample made i n  space wi l l  be strength 

tested against samples of sol id  t i n  and aginst  other foamed samples made on 

earth.  The sample foamed i n  space is tested against  samples made on ear th  

t o  determine i f  the carbon d i o x i d e  gas generation is more uniform i n  space 

and i f  so how uniformity e f fec ts  the strength.  Using  s t r a in  gage analysis 
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the Purdue GAS team will  be able t o  determine the fu l l  extent of the 

changes i n  material strengths under shear, torsion, compression and tension. 

I t  i s  hoped that  the strength to  weight r a t i o  will greatly increase i n  a l l  

areas. 
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