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©  Fusible  alloy  containing  bismuth,  indium,  lead,  tin  and  gallium. 

©  A  cadmium-free  alloy  composition,  especially  suitable  for  fixing  glass  or  plastic  lens  blanks  during  the 
grinding  and  polishing  operations,  and  consisting  of: 

bismuth  45  to  55%  by  weight 
indium  15  to  25%  by  weight 
lead  12  to  25%  by  weight 
tin  10  to  15%  by  weight 
gallium  1  .0  to  3.4%  by  weight 

Recommended  composition:  Bi  48.2%,  In  20.6%,  Pb  17.7%,  Sn  11.8%,  Ga  1.7%. 
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This  invention  relates  to  alloys  and  more  particularly  to  fusible  alloys. 
Fusible  alloys  are  often  used  in  applications  requiring  temporary  support  or  anchoring  of  a  component. 

For  example,  fusible  alloys  can  be  used  to  support  thin  walled  tubing  during  bending.  After  the  bending 
operation,  the  tube  can  be  heated  in  an  oil  or  water  bath  and  the  melted  alloy  removed.  Similarly,  a  device 

5  or  component  can  be  anchored  in  place  by  casting  melted  fusible  alloy  around  it.  After  the  component  has 
been  worked  on,  or  when  the  device  needs  to  be  reorientated,  the  alloy  can  easily  be  melted  and  the 
anchored  item  removed.  The  fusible  alloy  can  be  recycled. 

One  area  where  fusible  alloys  have  found  particular  use  is  in  lens  blocking.  During  the  production  of  an 
optical  lens,  the  glass  or  plastic  lens  blank  must  be  locked  in  position  to  permit  accurate  grinding  and 

io  polishing.  This  is  achieved  by  attaching  the  lens  blank  to  a  lens  block.  The  lens  block,  which  supports  and 
anchors  the  lens,  can  then  be  clamped  into  the  grinding  and  polishing  machinery. 

Before  fusible  alloys  were  available,  molten  pitch  was  used  to  fix  glass  lens  blanks  to  the  blocks. 
However,  the  pitch  was  applied  at  high  temperatures,  sometimes  causing  the  lens  to  crack.  Further,  removal 
of  the  pitch  required  a  lengthy  cleaning  process. 

75  In  comparison,  fusible  alloys  can  be  used  at  lower  temperatures  and  can  be  removed  easily.  The  first 
step  in  such  a  lens-blocking  process  with  fusible  alloys  is  to  affix  the  lens  blank  to  the  lens  block.  Next, 
melted  fusible  alloy  is  introduced  into  the  block.  The  alloy  is  allowed  to  solidify  as  it  contacts  the  block  and 
the  lens  blank,  fixing  the  lens  blank  in  position.  The  lens  blank  is  then  ground  and  polished.  To  remove  the 
lens,  the  block  is  struck  sharply;  the  lens  pops  out  cleanly,  obviating  the  need  for  lengthy  cleaning. 

20  Both  the  lens  blocks  and  the  fusible  alloy  are  recycled.  The  used  blocks  are  heated  in  a  tank  of  hot 
water  melting  the  fusible  alloy.  The  blocks  can  then  be  removed  ready  for  new  lens  blanks.  The  melted 
fusible  alloy  collects  at  the  bottom  of  the  hot  water  tank  where  it  can  be  drained  off  for  re-use. 

To  be  suitable  for  lens  blocking,  a  fusible  alloy  should  have  a  low  melting  point.  The  low  melting  point 
makes  it  easier  to  remove  the  alloy  from  used  lens  blocks;  it  also  means  that  the  melted  alloy  can  be 

25  applied  to  cold  lenses  without  cracking  or  otherwise  damaging  them.  Alloys  with  melting  points  up  to  about 
160°F  can  be  used  for  blocking  glass  lenses.  Plastic  lenses,  however,  are  much  more  sensitive  and  require 
alloys  with  melting  temperatures  below  about  130°F. 

Two  low  melting  point  alloys  commonly  used  in  lens  blocking  are  ASTM  Alloy  136  and  ASTM  Alloy  117 
(see  ASTM  Specification  B  774  incorporated  herein  by  reference.) 

30  ASTM  Alloy  136  is  a  eutectic  with  a  melting  point  of  136°F  and  comprises  48.5-49.5%  by  weight 
bismuth,  17.5-18.5%  by  weight  lead,  11.5-12.5%  by  weight  tin  and  20.5-21.5%  by  weight  indium.  One  such 
alloy  is  Indalloy  136,  manufactured  by  the  Indium  Corporation  of  America.  Indalloy  136  comprises  49.0%  by 
weight  bismuth,  18.0%  by  weight  lead,  12.0%  by  weight  tin  and  21.0%  by  weight  indium. 

ASTM  alloy  117  is  a  eutectic  with  a  melting  point  of  117°F  and  comprises  44.2-45.2%  by  weight 
35  bismuth,  22.1-23.1%  by  weight  lead,  7.8-8.8%  by  weight  tin,  18.6-19.6%  by  weight  indium  and  4.8-5.8%  by 

weight  cadmium.  One  such  alloy  is  Indalloy  117  manufactured  by  the  Indium  Corporation  of  America. 
Indalloy  117  comprises  44.7%  by  weight  bismuth,  22.6%  by  weight  lead,  8.3%  by  weight  tin,  19.1%  by 
weight  indium  and  5.3%  by  weight  cadmium.  ASTM  Alloy  117  has  a  low  enough  melting  temperature  to 
allow  it  to  be  used  to  block  plastic  lenses. 

40  ASTM  Alloy  117,  however,  suffers  from  the  disadvantage  that  it  contains  cadmium.  Cadmium  is 
considered  toxic  by  the  EPA  and  other  government  agencies.  The  present  OSHA  standard  for  cadmium 
fumes  is  0.1  mg/m3.  However,  the  National  Institute  for  Occupational  Safety  and  Health  has  recommended 
even  more  stringent  restrictions  ~  namely,  a  maximum  cadmium  level  of  0.04  mg/m3  to  protect  against  the 
chronic  and  acute  effects  of  cadmium  fumes. 

45  Cadmium  can  cause  problems  when  used  as  a  lens  blocking  alloy.  If  the  alloy  is  overheated,  cadmium 
may  fume  off  from  the  alloy  creating  dangerous  concentrations  of  cadmium.  Further,  if  the  hot  water  used  to 
melt  the  fusible  alloy  out  of  the  lens  blocks  is  slightly  acidic,  then  cadmium  may  dissolve  in  it.  The 
cadmium-containing  water  is  poisonous  and  great  care  and  expense  must  be  taken  in  its  disposal. 

Thus,  it  would  be  desirable  to  provide  a  low  melting  point  cadmium-free  alloy. 
50  It  would  further  be  desirable  to  provide  a  cadmium-free  fusible  alloy  suitable  for  lens  blocking. 

It  also  would  be  desirable  to  provide  a  cadmium-free  fusible  alloy  with  a  melting  temperature  below 
130°F  suitable  for  blocking  plastic  lenses. 

It  is  an  object  of  this  invention  to  provide  a  low  melting  point  cadmium-free  alloy.  The  term  "cadmium- 
free"  as  used  in  the  specification  and  claims  means  that  the  alloy  does  not  contain  cadmium  or  is 

55  essentially  free  of  cadmium. 
It  is  a  further  object  of  this  invention  to  provide  a  cadmium-free  fusible  alloy  suitable  for  lens  blocking. 
Another  object  of  this  invention  is  to  provide  a  cadmium-free  fusible  alloy  with  a  melting  temperature 

below  about  130°F  for  blocking  plastic  lenses. 
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It  is  a  further  object  of  this  invention  to  describe  an  alloy  composition  comprising  bismuth,  indium,  lead, 
tin  and  gallium. 

The  alloy  compositions  of  the  present  invention  comprise  effective  amounts  of  bismuth,  indium,  lead,  tin 
and  gallium.  The  alloys  are  suitable  for  lens  blocking.  The  optimal  alloys  are  those  which  exhibit  a  smooth 

5  melting  curve  with  a  single  peak  and  have  a  melting  temperature  below  about  130°F,  making  them  suitable 
for  blocking  plastic  lenses.  The  melting  curve  of  an  alloy  can  be  determined  using  several  milligrams  of  the 
alloy  in  a  differential  scanning  calorimeter  (referred  to  hereafter  as  "DSC"). 

In  one  embodiment,  the  alloy  comprises  from  about  45%  to  about  55%  by  weight  bismuth,  from  about 
15%  to  about  25%  by  weight  indium,  from  about  12%  to  about  25%  by  weight  lead,  from  about  10%  to 

io  about  15%  by  weight  tin  and  from  more  than  about  1.0%  to  less  than  about  3.4%  by  weight  gallium.  A 
composition  comprising  about  48.2%  by  weight  bismuth,  about  20.6%  by  weight  indium,  about  17.7%  by 
weight  lead,  about  11.8%  by  weight  tin,  and  about  1.7%  by  weight  gallium  is  preferred. 

The  alloy  compositions  of  the  present  invention  can  be  prepared  by  techniques  well  known  in  the  art. 
For  example,  measured  (by  weight)  amounts  of  bismuth,  indium,  lead,  tin  and  gallium  can  be  placed  in  a 

is  heating  vessel.  These  metals  can  then  be  melted  together  using  any  conventional  melting  technique.  When 
the  metals  have  been  heated  to  a  temperature  at  which  all  the  material  is  liquid,  the  mixture  can  be  allowed 
to  cool  and  cast  into  a  suitable  mold.  After  cooling,  the  alloy  can  be  fabricated  into  suitable  shapes  such  as 
rods  and  the  like. 

The  following  examples  present  illustrative  but  non-limiting  embodiments  of  the  present  invention. 
20  Unless  otherwise  indicated  in  the  examples  and  elsewhere  in  the  specification  and  claims,  all  parts  and 

percentages  are  by  weight. 

Example  1 

25  An  alloy  was  prepared  having  the  following  composition: 

30 

Bismuth  48.3% 
Indium  20.7% 
Lead  17.7% 
Tin  1  1  .8% 
Gallium  1  .5% 

Several  samples  of  this  composition  were  tested  for  liquidus  and  solidus  temperatures.  Each  DSC 
35  melting  curve  was  smooth  and  had  a  single  peak.  The  average  liquidus  temperature  was  121.7°F.  The 

average  solidus  temperature  was  1  19.6  °  F. 

Example  2 

40  An  alloy  was  prepared  having  the  following  composition: 

45 

Bismuth  48.2% 
Indium  20.6% 
Lead  17.7% 
Tin  1  1  .8% 
Gallium  1  .7% 

Several  samples  of  this  composition  were  tested  for  liquidus  and  solidus  temperatures.  Each  DSC 
50  melting  curve  was  smooth  and  had  a  single  peak.  The  average  liquidus  temperature  was  121.0°F.  The 

average  solidus  temperature  was  1  18.2  °  F 

55 

3 
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Example  3 

An  alloy  was  prepared  having  the  following  composition: 

5 

10 

Bismuth  48.0% 
Indium  20.6% 
Lead  17.6% 
Tin  1  1  .8% 
Gallium  2.0% 

Several  samples  of  this  composition  were  tested  for  liquidus  and  solidus  temperatures.  Each  DSC 
melting  curve  was  smooth  and  had  a  single  peak.  The  average  liquidus  temperature  was  123.4°F.  The 
average  solidus  temperature  was  120.8°F. 

Example  4 

An  alloy  was  prepared  having  the  following  composition: 

20 

25 

Bismuth  47.92% 
Indium  20.54% 
Lead  17.60% 
Tin  1  1  .74% 
Gallium  2.20% 

Several  samples  were  tested.  The  average  liquidus  temperature  was  125.2°F.  The  average  solidus 
temperature  was  122.3°F.  In  each  case,  the  DSC  melting  curve  was  smooth  and  had  a  single  peak. 

30  Example  5 

An  alloy  was  prepared  having  the  following  composition: 

35 
Bismuth  47.8% 
Indium  20.5% 
Lead  17.6% 
Tin  1  1  .7% 
Gallium  2.4% 

40 
The  liquidus  temperature  was  126.2°F.  The  solidus  temperature  was  123.5°F.  The  DSC  melting  curve 

was  smooth  and  had  a  single  peak. 

Example  6 

An  alloy  was  prepared  having  the  following  composition: 

50 

Bismuth  47.57% 
Indium  20.39% 
Lead  17.48% 
Tin  1  1  .65% 
Gallium  2.91% 

55  The  liquidus  temperature  was  122.9°F.  The  solidus  temperature  was  120.5°F.  The  DSC  melting  curve 
was  smooth  and  had  a  single  peak. 

When  higher  percentages  of  gallium  are  used,  the  resulting  alloy  may  exhibit  bleeding  of  liquid  metal. 
For  example,  bleeding  was  exhibited  in  a  composition  comprising  47.3%  bismuth,  17.4%  lead,  11.6%  tin, 

4 
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20.3%  indium,  and  3.4%  gallium.  The  bleeding  of  liquid  metal  is  undesirable  in  an  alloy  because  it  makes 
the  alloy  difficult  to  store  and  can  lead  to  changes  in  the  composition  and  melting  characteristics  of  the 
remaining  alloy. 

Although  these  alloys  have  been  described  with  regard  to  their  utility  for  the  blocking  of  plastic  lenses, 
5  they  can  be  used  in  many  of  the  applications  for  which  fusible  alloys  are  used.  The  low  melting  points  of 

these  alloys  make  them  particularly  useful  where  temperature  sensitive  elements  are  to  be  supported  or 
anchored. 

While  the  invention  has  been  explained  in  relation  to  its  preferred  embodiments,  it  is  to  be  understood 
that  various  modifications  thereof  will  become  apparent  to  those  skilled  in  the  art.  The  foregoing  disclosure 

io  is  not  intended  or  to  be  construed  to  limit  the  present  invention,  or  to  otherwise  exclude  any  such  other 
embodiments,  adaptions,  variations  and  equivalent  arrangements. 

Claims 

75  1.  A  cadmium-free  alloy  composition  comprising  effective  amounts  of  bismuth,  indium,  lead,  tin,  and 
gallium  to  obtain  solidus  and  liquidus  temperatures  below  about  130°F  and  above  about  110°F. 

2.  The  composition  of  claim  1  comprising  more  than  about  1%  by  weight  to  less  than  about  3.4%  by 
weight  gallium. 

20 
3.  The  alloy  of  claim  1  or  2,  comprising  at  least  about  45%  bismuth  by  weight  and  less  than  about  55% 

by  weight  of  indium,  lead,  tin  and  gallium. 

4.  The  alloy  of  claim  3  comprising  less  than  about  3.4%  by  weight  gallium. 
25 

5.  An  alloy  composition  comprising  about  45%  to  about  55%  by  weight  bismuth,  about  15%  to  about  25% 
by  weight  indium,  about  12%  to  about  25%  by  weight  lead,  about  10%  to  about  15%  by  weight  tin,  and 
more  than  about  1.0%  to  less  than  about  3.4%  by  weight  gallium. 

30  6.  The  composition  of  claim  5,  further  having  a  solidus  and  liquidus  temperature  below  about  130  °  F. 

7.  The  composition  of  claim  5  or  6  comprising  about  48.2%  by  weight  bismuth,  about  20.6%  by  weight 
indium,  about  17.7%  by  weight  lead,  about  11.8%  by  weight  tin,  and  about  1.7%  by  weight  gallium. 

35 
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