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Description 

TECHNICAL  FIELD 

5  This  invention  relates  to  an  apparatus  for  detecting  the  content  of  inclusions  in  molten  metal,  such  as  pre- 
cipitated  secondary  phase  particles,  drops  of  slag,  and/or  air  bubbles,  during  refining  thereof,  all  of  which  cause 
a  discontinuity  in  the  flow  of  current  in  the  sensing  zone  and  can  therefore  be  sensed  by  measurement  of  this 
discontinuity.  Hereinbelow,  for  convenience,  all  of  these  will  be  collectively  referred  to  as  "inclusions". 

In  general  all  such  inclusions  have  a  more  or  less  deleterious  effect  upon  the  required  technical  properties 
10  of  the  metal,  and  it  has  become  more  and  more  essential  to  have  accurate  information  as  to  their  number  and 

sizes,  in  order  to  confirm  that  the  metal  is  sufficiently  "clean"  for  its  intended  purpose,  and  also  to  show  whether 
the  processes  employed  are  producing  sufficiently  "clean"  metal. 

INDUSTRIAL  APPLICABILITY 
15 

The  range  of  molten  metals  to  which  the  present  invention  can  be  applied  is  broad  and  includes  molten 
metals  subjected  to  refining  in  steel  manufacture,  aluminium  refining,  copper  refining,  titanium  refining,  mag- 
nesium  refining,  alloys  of  these  metals,  and  the  like.  However,  in  the  following  description,  molten  steel  in  steel 
manufacture  will  be  used  primarily  as  an  example. 

20 
BACKGROUND  ART 

One  prior  art  invention  which  relates  to  the  present  invention  is  described  in  U.S.  Patent  No.  4,555,662, 
issued  November,  1985,  this  patent  disclosing  a  quantitative  measurement  method  for  inclusions,  the  method 

25  now  being  generally  referred  to  as  Liquid  Metal  Cleanliness  Analysis  (LiMCAfor  short).  The  LiMCA  method 
and  apparatus  were  originally  developed  for  detecting  nonmetallic  inclusions  during  aluminium  refining,  but 
its  application  to  iron  and  steel  refining  has  also  been  investigated. 

The  LiMCA  method  is  sometimes  also  referred  to  as  the  Electric  Sensing  Zone  method  (ESZ  for  short), 
the  principle  of  the  method  being  that  when  such  an  inclusion  entrained  in  an  electrically  conductive  fluid  pass- 

30  es  through  an  electrically-insulated  orifice  the  electrical  resistance  of  the  fluid  which  is  flowing  through  the 
orifice  changes  in  proportion  to  the  volume  of  the  particle.  The  instantaneous  change  in  the  resistance  is  de- 
tected  as  a  pulse  in  electrical  potential  between  two  electrodes  on  opposite  sides  of  the  orifice,  and  the  number 
and  size  of  the  particles  can  be  directly  measured  in  the  following  manner. 

First,  if  the  particles  are  assumed  to  be  spherical  and  of  diameter  d  and  the  orifice  is  assumed  to  be  cyl- 
35  indrical  of  diameter  D,  then  the  change  R  in  the  electrical  resistance  when  a  particle  passes  through  the  orifice 

is  given  by  the  following  equation:- 
AR  =  (4pd3)/(rcD4)  (1) 

Where  p  is  the  electrical  resistivity  of  the  fluid.  In  actual  practice,  Equation  (1)  must  be  corrected  by  a  correction 
factor  F(d/D),  which  is  given  by  the  following  equation:- 

40  F(d/D)  =  [1  -  0.8(d/D)3]-1  (2) 
Thus,  AR  is  actually  expressed  by  the  following  equation:- 

AR  =  ((4pd3)/(rcD4)  x  [1  -  0.8(d/D)3]-1  (3) 
If  the  electric  current  through  the  orifice  is  I,  then  the  pulse  AV  is  the  electric  potential  when  a  particle  of  di- 
ameter  d  passes  through  the  orifice  is  given  by  the  following  equation:- 

45  AV  =  l(AR)  (4) 
A  previously-disclosed  inclusion  sensor  probe  which  applies  the  above-described  principles  and  for  use 

with  molten  metal  comprises  a  hollow  inner  first  electrode  made  from  an  electrically-conducting,  heat-resistant 
material,  this  inner  electrode  being  supported  inside  a  quartz  tube  and  connected  to  an  electrode  rod  through 
a  graphite  reinforcing  member.  An  orifice  is  provided  in  a  portion  of  the  quartz  tube  near  to  its  lower  end,  while 

so  a  cylindrical  layer  which  protects  against  slag  is  disposed  around  a  central  portion  of  the  outside  surface  of 
the  quartz  tube.  The  tube  is  mounted  on  a  water-cooled  support  apparatus  through  a  coupler  which  is  equipped 
with  an  O-ring  to  seal  the  joint  between  the  tube  and  the  coupler.  The  neccessary  outer  second  electrode  con- 
sists  of  a  rod  separate  from  the  probe  and  extending  close  to  the  orifice. 

When  a  measurement  is  to  be  performed  the  inside  of  the  hollow  electrode,  which  serves  as  a  chamber 
55  to  receive  the  molten  metal,  is  evacuated  and  the  molten  metal  is  sucked  inside  through  the  orifice.  At  this 

time,  the  change  in  electric  resistance  between  the  inner  and  outer  electrodes  is  measured  and  amplified  by 
conventional  means,  and  the  sizes  and  number  of  inclusions  are  determined. 

The  above-described  sensor  probe  and  others  are  used  to  perform  continuous  measurement  by  the  LiMCA 
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method  in  order  to  detect  inclusions  in  molten  aluminium  and  determine  particle  size  distributions.  Molten  alu- 
minium  has  a  relatively  low  melting  temperature  of  about  700°C,  so  there  are  a  number  of  different  materials 
available  from  which  the  probe  and  the  electrodes  can  be  made.  However,  the  working  temperatures  of  molten 
metal  baths  of  metals  like  iron  and  titanium  are  much  higher  than  for  aluminium  (above  1550°C),  and  at  such 

5  temperatures  there  are  considerable  problems  with  lack  of  resistance  of  the  probe  and  the  electrodes  to  heat, 
so  that  it  is  difficult  to  employ  these  known  sensors. 

The  known  probes  for  inclusion  sensors  as  used  hitherto  for  high  melting  point  metals  are  all  of  the  con- 
tinuous  measurement  type,  i.e.  once  the  probe  is  immersed  in  the  molten  metal  measurements  are  performed 
for  a  period  of  at  least  30-40  minutes  which  being  cooled  with  water,  and  usually  this  is  the  maximum  useful 

10  life  of  such  a  probe.  The  known  continuous  measurement  probes  for  inclusion  sensors  have  the  advantage 
that  they  can  continuously  monitor  changes  in  the  level  of  inclusions  in  molten  metal,  but  have  the  following 
drawbacks: 

(1)  When  used  in  a  bath  of  high  melting  point  molten  metal,  such  as  iron  or  steel,  then  in  order  to  guarantee 
sufficient  resistance  to  heat  and  reaction  the  body  of  probe  must  be  made  of  a  high-quality  material,  such 

15  as  quartz,  as  a  result  of  which  the  probe  is  expensive. 
(2)  When  used  with  these  high  melting  point  metals,  in  spite  of  the  fact  that  each  probe  is  made  of  expensive 
materials,  the  probe  still  has  life  span  of  only  30  -40  minutes,  despite  the  use  of  water  cooling. 
(3)  In  order  to  provide  sufficient  heat  resistance  the  probe  support  mechanism  must  be  equipped  with  a 
water  cooling  mechanism.  As  a  result,  the  probe  and  the  probe  support  mechanism  end  up  being  large 

20  and  difficult  to  handle,  and  a  mechanism  for  raising  and  lowering  the  probe  also  must  be  large,  so  that  the 
equipment  costs  are  high. 
EP-0165035  describes  a  sensor  comprising  two  cylindrical  tubular  electrodes  surrounding  a  cylindrical  in- 

sulating  member  with  an  inlet  aperture  to  a  single  internal  chamber  provided  by  a  disc  at  the  bottom  end. 

25  DISCLOSURE  OF  THE  INVENTION 

Accordingly,  it  is  an  object  of  the  present  invention  to  provide  an  inclusion  sensor  suitable  for  use  with  high 
melting  point  metals  which  has  a  less  expensive  probe  and  which  is  easier  to  handle. 

In  accordance  with  the  present  invention  there  is  provided  a  molten  metal  inclusion  sensor  of  the  type  which 
30  is  immersed  in  molten  metal  and  detects  inclusions  therein  by  the  electric  sensing  zone  method  upon  flow  of 

molten  metal  into  its  interior;  the  sensor  comprising  a  body  providing  a  chamber  having  an  orifice  in  a  wall  there- 
of  through  which  molten  metal  is  drawn  into  the  interior  of  the  chamber,  electrically  conductive  electrodes  on 
opposite  sides  of  the  orifice,  and  means  for  measuring  changes  of  potential  between  the  electrodes  produced 
by  passage  through  the  orifice  of  particles  entrained  in  the  molten  metal,  the  sensor  further  comprising  a  sup- 

35  port  with  the  orifice,  at  least  the  inner  of  the  electrodes,  the  support  and  the  sensor  being  detachably  connect- 
ed,  characterised  in  that  the  sensor  is  a  single  use  disposable  sensor  and  the  chamber  comprises  two  com- 
partments  connected  by  a  bore  of  smaller  cross-sectional  area  than  the  compartments,  which  bore  constitutes 
a  cooling  zone,  the  orifice  opening  into  one  of  the  compartments  such  that  molten  metal  entering  said  one 
compartment  freezes  in  the  cooling  zone  to  inhibit  its  entry  into  the  other  compartment. 

40  The  probe  may  comprise  a  tube  of  electrically-insulating  material  which  has  the  orifice  for  the  inflow  of 
molten  metal  formed  in  a  portion  thereof,  and  an  electrically-conducting  inner  tube  and/or  an  electrically-con- 
ducting  outer  tube,  which  respectively  function  as  an  inner  and  outer  electrode,  are  mounted  respectively  on 
the  inside  and/or  outside  wall  of  the  electrically-insulating  tube. 

The  probe  may  be  made  from  an  electrically-insulating  tube  which  has  the  orifice  for  the  inflow  of  molten 
45  metal  sealed  by  an  orifice  cover  of  material  of  lower  melting  point  than  the  metal,  the  electrically-insulating 

tube  being  sealed  with  reduced  pressure  inside  it,  and  the  structure  being  such  that  when  the  probe  is  im- 
mersed  in  the  molten  metal  the  orifice  cover  melts,  and  the  molten  metal  flows  into  the  tube  interior  assisted 
by  the  action  of  the  reduced  pressure. 

Thus,  the  present  inventors  performed  investigations  with  the  aim  of  solving  the  above-described  prob- 
50  lems,  in  the  course  of  which  they  noted  that  the  refining  of  metals  such  as  iron  and  steel,  which  have  a  high 

melting  point  of  at  least  1500°C,  is  basically  a  batch  treatment  (e.g.  processing  in  converter,  RH  treatment, 
etc.),  and  that  during  continuous  casting  the  level  of  inclusions  in  a  single  batch  does  not  greatly  change.  Name- 
ly,  in  the  refining  of  steel  for  normal  uses  it  is  generally  not  necessary  constantly  to  monitor  the  level  of  inclu- 
sions,  even  during  continuous  casting,  and  in  many  cases  it  is  sufficient  to  determine  a  representative  value 

55  for  each  batch.  The  present  inventors  then  perceived  of  employing  a  single-use,  disposable  probe.  The  inven- 
tors  found  that  it  is  effective  to  use  a  structure  in  which  the  probe  is  connected  to  a  probe  support  mechanism 
by  a  quick-release  joint,  the  probe  comprising  a  molten  metal  inflow  chamber  having  an  orifice  for  detecting 
inclusions  formed  at  its  entrance;  preferably  a  cooling  region  is  provided  in  an  exit  portion  of  the  chamber  which 
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connects  it  to  a  second  chamber;  also  preferably  the  orifice  is  sealed  in  advance  with  an  orifice  cover,  and 
the  molten  metal  inflow  chamber  is  first  opened  by  melting  of  this  cover  when  it  contacts  the  molten  metal. 
The  structures  in  accordance  with  the  invention  therefore  have  among  other  advantages,  the  following:- 

(1)  Decrease  in  Cost  of  Probe  Body.  The  probe  is  a  single-use,  disposable  member,  so  it  can  be  made  of 
5  less  expensive  material  and  can  be  decreased  in  weight.  However,  it  still  can  be  made  with  a  life  span  of 

at  least  2  minutes,  and  which  may  be  as  long  as  10  minutes,  and  this  is  sufficient  for  it  to  be  used  in  sit- 
uations  when  a  single  measurement  is  sufficient. 
(2)  Increased  Ease  of  Handling,  Simplification  of  Handling  Mechanism.  As  a  single-use,  disposable  probe 
is  light,  it  is  easy  to  handle.  Furthermore,  as  the  probe  also  does  not  require  a  water  cooling  mechanism, 

10  the  handling  mechanism  for  the  probe  is  simplified.  It  is  also  possible  for  an  operator  to  perform  meas- 
urements  while  holding  the  probe  support  mechanism  in  his  hand. 
In  this  mannera  single  representative  measurement  for  a  batch  is  made  using  the  apparatus  of  the  present 

invention,  whereby  decreases  in  the  cost  of  the  probe  and  in  the  handling  mechanism  are  realized. 

15  DESCRIPTION  OF  THE  DRAWINGS 

The  prior  art  ESZ  method  and  apparatus  will  now  be  described  in  more  detail,  and  probes  which  are  pre- 
ferred  embodiments  of  the  invention  will  now  be  described,  by  way  of  example,  with  reference  to  the  accom- 
panying  drawings,  wherein:- 

20  Figure  1(a)  and  1(b)  are  illustrations  which  explain  the  principles  of  inclusion  detection  by  the  ESZ  method; 
Figure  2  is  a  longitudinal  cross-sectional  view  of  a  continuous  measurement  prior  art  inclusion  sensor 
probe  which  utilizes  the  ESZ  method,  and  employs  a  separate  outer  electrode; 
Figure  3  is  a  similar  view  to  Figure  2  of  a  single-use,  disposable  probe  in  accordance  with  the  present  in- 
vention,  which  probe  is  connected  to  an  external  exhaust  system; 

25  Figure  4  is  a  similar  view  to  Figure  2  of  a  single-use,  disposable  probe  in  accordance  with  the  present  in- 
vention,  which  probe  has  an  internal  vacuum  cell  and  therefore  does  not  require  an  external  exhaust  sys- 
tem; 
Figure  5  is  a  similar  view  to  Figure  2  of  anothersingle-use,  disposable  probe  in  accordance  with  the  present 
invention; 

30  Figure  6  is  a  cross-section  taken  on  the  line  6-6  in  Figure  5;  and 
Figures  7  and  8  are  graphs  showing  the  particle  size  distribution  of  inclusions  in  the  same  molten  steel  as 
measured  by  an  embodiment  of  the  present  invention  and  by  a  comparitive  prior  art  probe. 

DESCRIPTION  OF  PRIOR  ART  METHOD  AND  APPARATUS 
35 

Figure  la  illustrates  an  electrically-insulated  orifice  10  of  diameter  D  formed  in  a  wall  through  which  flows 
an  electrically  conductive  fluid,  namely  molten  metal.  Non-conductive  inclusion  particles  12  of  diameter  d  that 
are  entrained  in  the  fluid  and  flow  through  the  orifice  each  give  a  respective  resistance  change  and  consequent 
electric  potential  pulse  AV  illustrated  by  Figure  1  b. 

40  Figure  2  is  a  schematic  cross-sectional  view  of  a  prior  art  inclusion  sensor  intended  for  continuous  meas- 
urement  which  applies  the  above-described  principles.  The  outer  electrode  is  separate  from  the  other  parts 
of  the  sensor  and  is  not  shown,  but  an  inner  hollow  electrode  21  which  is  made  from  an  electrically-conducting, 
heat-resistant  material  is  supported  inside  a  quartz  tube  20  and  is  connected  to  an  electrode  rod  23  through 
a  graphite  reinforcing  member  22.  An  orifice  24  is  provided  in  a  portion  of  the  quartz  tube  20  near  to  its  lower 

45  end.  A  protecting  layer  25  which  protects  against  slag  is  disposed  around  the  quartz  tube  20.  The  quartz  tube 
20  is  held  by  a  water-cooled  support  apparatus  28  through  a  coupler  27  which  is  equipped  with  an  O-ring  26. 

BEST  MODES  OF  CARRYING  OUT  THE  INVENTION 

50  Figure  3  illustrates  the  structure  of  a  sensor  40  of  the  invention  which  is  employed  with  an  external  suction 
system.  In  the  illustrated  example,  a  probe  portion  41  and  a  probe  support  portion  42  are  detachably  connected 
by  fitting  into  one  another,  employing  any  suitable  connection  means  which  need  not  be  specifically  illustrated. 
As  the  present  invention  employs  a  single-use,  disposable  probe  41  the  pressure  seal  between  the  probe  and 
the  support  42  need  not  be  particularly  tight  but  good  electrical  connection  is  essential  to  avoid  the  generation 

55  of  spurious  noise  signals.  The  probe  41  includes  a  hollow  cylindrical  body  member  44  providing  a  molten  metal 
inflow  chamber,  which  is  divided  into  an  outer  chamber  40a  and  an  inner  chamber  40b  by  a  cooling  region  52 
constituted  by  a  bore  of  reduced  cross-section  area.  The  interior  of  the  inflow  chamber  is  connected  to  an  ex- 
ternal  suction  system  (not  shown)  through  the  probe  support  mechanism  42  by  any  suitable  means  and  a  re- 

4 
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duced  pressure  (vacuum)  is  maintained  therein.  An  orifice  cap  46  which  is  made  of  a  material  of  lower  melting 
point  than  the  steel,  aluminium  for  example,  is  disposed  in  an  orifice  45  which  is  formed  in  the  end  of  the  body 
member  44.  A  conical-shaped  slag  breaker  cover  47,  also  of  lower  melting-point  material,  is  mounted  on  the 
end  of  the  probe  so  as  to  also  cover  the  orifice  and  the  orifice  cover  46.  A  hollow  cylindrical  electrode  48  of 

5  suitable  electrically  conductive  material  is  mounted  in  the  outer  chamber  40a  closely  against  the  inner  wall 
thereof  and  constitutes  an  inner  electrode.  A  cylindrical  external  electrode  50  is  mounted  on  the  outside  of  the 
body  member  44  and  is  separated  therefrom  by  an  interposed  cylindrical  electrically-insulating  layer  51. 

The  slag  breaker  cover  47  and  the  orifice  cap  46  both  close  the  orifice  45  and  maintain  the  vacuum  pro- 
duced  by  the  suction  inside  the  tube  44.  Furthermore,  they  prevent  slag  from  penetrating  into  the  tube  44  when 

10  the  probe  is  thrust  through  the  layer  of  slag  into  the  molten  metal.  Due  to  the  action  of  these  two  members 
slag  is  prevented  from  entering  the  probe  and  adhering  to  the  inner  surfaces  of  the  inner  electrode  48  or  the 
vacuum  tube  44,  which  would  give  poor  electrical  conduction  and  unstable  signals.  It  is  desirable  that  the  melt- 
ing  points  of  the  slag  breaker  cover  47  and  the  orifice  cap  46  be  at  least  1  0°C  lower  than  the  melting  point  of 
the  molten  metal  which  is  being  measured.  The  thicknesses  thereof  are  preferably  in  the  range  0.1-1.0  mm.  A 

15  thickness  of  this  magnitude  guarantees  their  strength  prior  to  use  and  also  guarantees  that  they  will  be  melted 
quickly  and  permit  the  molten  metal  to  flow  into  the  probe  interior  during  the  available  period  of  about  2  minutes. 

In  use  the  probe  portion  41  is  thrust  at  least  one  or  two  metres  beneath  the  surface  of  the  metal  bath  and, 
owing  to  the  relatively  high  density  of  the  slag  layer  and  the  steel,  there  is  a  substantial  hydrostatic  head  present 
at  the  orifice  45;  this  hydrostatic  head  may  with  some  embodiments  be  sufficient  for  the  metal  to  flow  into  into 

20  the  probe.  The  passage  of  the  metal  is  however  facilitated  by  the  presence  of  a  reduced  pressure  inside  the 
probe. 

The  tube  44  which  constitutes  the  molten  metal  inflow  chamber  is  a  container  for  the  purpose  of  introducing 
molten  metal  into  the  probe;  the  molten  metal  is  drawn  into  the  probe  by  the  hydrostatic  head  and  by  the  suction 
in  the  tube,  and  the  particle  diameter  and  number  of  inclusions  in  the  molten  metal  are  measured  by  the  change 

25  in  electrical  resistance  between  the  electrodes  48  and  50  as  the  inclusions  flow  through  the  orifice  45.  For 
this  purpose  the  electrodes  are  connected  to  exterior  measuring  apparatus  by  cables  56.  The  tube  44  is  made 
from  high  melting  point  metal  or  an  electrically-conducting  ceramic  and  suitable  materials  are  described  in  more 
detail  below.  The  tube  interior  is  directly  connected  to  the  exhaust  system  as  shown  by  the  arrow  in  the  figure. 

The  transverse  diameter  of  the  body  member  44  typically  is  about  2.5-10.0  cm,  while  its  wall  thickness  is 
30  in  the  range  1-5  mm;  the  thickness  of  the  electrode  48  typically  is  in  the  same  range  as  the  wall  44;  the  length 

of  the  chamber  40a  typically  is  about  2.5-10  cm,  while  the  cooling  zone  52  which  separates  the  outer  chamber 
40a  and  the  inner  chamber  40b  has  a  cross-sectional  area  corresponding  to  a  circle  with  a  diameter  in  the  range 
of  0.1  -  5  mm,  and  the  length  maybe  in  the  range  1-10  mm.  The  inner  chamber  40b  typically  has  the  same 
transverse  dimensions  as  the  outer  chamber  40a  and  any  required  changes  in  its  volume  are  produced  by 

35  changes  in  its  length.  The  dimensions  and  flow  rate  are  made  such  that  molten  metal  solidifies  in  the  cooling 
zone  52  and  is  thus  prevented  from  entering  the  chamber  40b  and  reaching  the  exhaust  system.  Furthermore, 
only  an  amount  of  molten  metal  equal  to  the  volume  of  the  outer  chamber  40a  is  sucked  in,  and  since  the  volume 
of  this  chamber  is  known,  if  the  total  number  of  pulses  is  counted,  the  number  of  inclusions  per  unit  volume  of 
the  molten  metal  can  be  determined. 

40  The  layer  51  of  insulating  material  typically  has  a  thickness  in  the  range  of  5-15  mm,  while  the  outer  cyl- 
indrical  electrode  typically  has  a  thickness  in  the  range  2-6  mm.  The  specific  thicknesses  will  depend  to  some 
extent  on  the  material  that  is  selected  for  these  elements.  The  interior  of  the  chamber  40a  is  provided  with  a 
conical  star-shaped  deflector  member  49  disposed  adjacent  the  orifice  46  with  its  conical  end  pointing  toward 
the  orifice,  the  member  being  shown  in  plan  in  Figure  6.  Asuitable  material  forthis  is  for  example  thin  1%  carbon 

45  steel.  The  entering  metal  strikes  this  member  and  is  deflected  along  the  inside  wall  of  the  chamber,  so  that  a 
jet  cannot  immediately  reach  the  bore  52  and  close  it  before  the  chamber  is  filled,  which  might  reduce  the 
amount  of  metal  that  can  enter  the  chamber  40a  within  the  available  time. 

A  cylindrical  layer  or  casing  55  of  protective  refractory  material  protects  the  probe  (i.e.  the  tube  44,  the 
cables  56,  the  exhaust  connection,  and  the  like)  for  the  period  for  which  the  probe  41  is  immersed  in  molten 

so  metal  and  is  operative.  It  can  be  made  of  a  refractory  such  as  an  MgO  or  Al203  type,  or  it  can  even  be  an  in- 
expensive  member  made  of  layers  of  paper.  A  single-use,  disposable  probe  of  the  invention  is  connected  to 
the  holder  of  a  reusable  probe  support  mechanism  42  by  any  suitable  type  of  quick-release  joint.  After  a  meas- 
urement  is  performed  the  remains  of  the  probe  are  removed  from  the  holder  and  discarded,  and  when  the  next 
measurement  is  to  be  performed  a  new  probe  is  mounted  on  the  holder  by  the  same  operation. 

55  The  apparatus  illustrated  in  Figure  4  has  basically  the  same  structure  and  mode  of  operation  as  that  of 
the  apparatus  of  Figure  3,  but  the  structure  of  the  vacuum  tube  44  is  different.  Thus,  the  inner  chamber  40b 
of  the  molten  metal  inflow  chamber  44  is  previously  evacuated  and  the  probe  is  then  sealed  by  the  cap  45 
after  the  inside  thereof  is  reduced  to  a  pressure  of  about  1-90  kpa.  Accordingly,  the  outer  chamber  40a  which 
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is  sealed  by  the  cap  and  the  slag  breaker  47  is  also  maintained  under  a  vacuum,  and  in  this  state  the  probe 
is  immersed  in  a  molten  metal.  In  the  figure  the  method  of  connecting  the  probe  to  a  probe  support  mechanism 
is  not  illustrated,  but  except  for  the  absence  of  means  to  connect  the  probe  interior  to  a  suction  system,  the 
same  holder  as  for  the  probe  of  Figure  3  can  be  employed.  The  disposition  of  the  outer  electrode  50,  the  in- 

5  stallation  of  the  protective  electrically-insulating  layer  55,  and  the  like  can  be  the  same  as  for  the  probe  in  Figure 
3. 

As  soon  as  the  slag  breaker  and  cap  are  melted  molten  metal  is  sucked  into  the  outer  chamber  40a  of  the 
tube  44;  it  solidifies  in  the  cooling  zone  52  and  the  sucking  then  stops  with  the  required  predetermined  volume 
of  metal  in  the  probe.  The  ratio  of  the  volumes  of  the  outer  chamber  40a  and  the  inner  chamber  40b  determines 

10  the  suction  force  and  also  determines  the  desired  initial  suction,  but  generally,  it  is  desirable  that  the  ratio  of 
the  volume  of  the  outer  chamber  40a  to  the  volume  of  inner  chamber  40b  be  at  most  1:1.  The  dimensions  of 
the  cooling  zone  52  and  of  the  outer  chamber  40a  can  be  the  same  as  for  the  probe  of  Figure  3. 

As  described  above,  with  the  high  hydrostatic  head  that  is  available  when  the  probe  is  dipped  deeply  into 
the  metal,  it  may  not  be  necessary  to  provide  a  reduced  pressure  in  the  probe  interior,  the  metal  as  it  enters 

15  the  first  compartment  40a  displacing  the  atmosphere  in  the  compartment  through  the  bore  and  compressing 
it  into  the  second  compartment  40b,  which  is  therefore  of  sufficient  volume  for  this  to  take  place. 

The  embodiment  of  Figure  5  also  has  basically  the  same  structure  and  mode  of  operation  as  those  of  Fig- 
ures  3  and  4  and  similar  parts  are  given  the  same  reference  whenever  this  is  possible.  It  may  be  noted  that 
all  three  of  the  embodiments  are  illustrated  with  theirlongest  (longitudinal)  dimension  horizontal,  but  in  practice 

20  they  will  be  inserted  vertically  into  the  melt  with  the  pointed  slag  breaker  cover  47  entering  first.  The  cylindrical 
body  member  44  is  made  of  steel  so  that  a  separate  inner  conductive  electrode  48  is  not  required;  the  member 
is  therefore  given  the  reference  44(48).  Good  electrical  contact  is  expected  since  portions  of  the  molten  steel 
entering  the  chamber  40a  should  "weld"  to  the  steel  interior  wall.  The  inner  and  outer  electrodes  are  separated 
and  insulated  electrically  from  one  another  circumferentially  of  the  body  44(48)  by  the  material  of  the  refractory 

25  insulating  layer  55,  while  the  cylindrical  insulating  layer  51  of  the  two  previous  embodiments  is  reduced  to  a 
separate  thin  flat  circular  disc  53  having  the  orifice  45  at  its  centre.  The  outer  electrode  50  can  also  be  of  steel 
and  it  will  be  noted  that  the  layer  51  is  extended  as  far  as  possible  toward  the  nose  of  the  device,  so  that  as 
much  as  possible  of  the  electrodes  remains  intact  during  the  course  of  the  usually  available  two  minute  im- 
mersion  time. 

30  The  size  of  the  orifice  45  that  is  required  can  vary  relatively  widely,  depending  upon  the  metal  whose  clean- 
liness  is  being  investigated  and  the  nature  of  the  inclusions  therein.  A  minimum  value  is  therefore  likely  to  be 
200  microns,  but  some  steels  are  found  to  have  inclusions  measuring  as  much  as  250  microns,  so  that  orifices 
as  large  as  1.2mm  may  be  required.  Such  large  orifices  may  also  dictate  allowing  the  inflow  to  be  produced 
by  the  hydrostatic  head  without  the  assistance  of  reduced  pressure  in  the  probe  interior,  or  even  with  a  positive 

35  pressure  as  is  described  below. 
Some  of  the  inclusions  found  in  steel,  such  as  alumina  and  aluminosilicates,  are  known  to  have  a  tendency 

to  adhere  to  refractory  materials  and  it  is  important  to  prevent  this  happening,  since  they  may  accumulate  at 
the  orifice  and  at  least  partly  block  it.  One  way  of  at  least  reducing  this  effect  is  to  shape  the  orifice  so  that 
both  the  entrance  and  the  exit  are  smoothly  rounded,  thereby  avoiding  turbulence  and  recirculation  of  the  in- 

40  going  flow  as  much  as  possible;  the  choice  of  the  material  for  the  disc  53  will  be  affected  by  the  ease  of  eco- 
nomically  producing  such  a  contoured  aperture.  For  example,  with  a  silica  disc  it  is  found  possible  to  produce 
the  orifice  by  first  drilling  a  hole  using  a  watch-makers  diamond  drill  and  then  heating  the  edges  of  the  hole 
with  a  micro-torch  (oxy-acetylene)  to  partially  fuse  the  silica  and  allow  surface  energy  forces  to  shape  it  to  the 
required  contour.  The  initial  size  of  the  hole  is  chosen  to  achieve  the  desired  final  size  of  orifice.  The  use  of  a 

45  separate  disc  permits  both  entry  and  exit  to  be  shaped  conveniently  in  this  manner  before  its  installation  in 
the  probe. 

Another  consideration  in  avoiding  turbulence  and  consequent  potential  for  clogging  is  to  keep  the  Reynolds 
number  of  the  flow  to  less  than  about  2000,  since  beyond  this  value  the  flow  tends  to  become  turbulent  even 
if  the  flow  path  is  "streamlined"  by  the  contouring  of  the  orifice.  The  Reynolds  number  is  given  by  the  relation:- 

50 

where 
p  =  density  of  fluid 

55  U  =  mean  flow  velocity 
d  =  diameter  of  orifice,  and 
H  =  viscosity  of  the  fluid 

It  will  be  seen  that  p  and  p.  are  set  by  the  process  being  employed  and  only  U  and  d  can  be  determinded 
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by  the  design  of  the  probe  and  are  intimately  related  to  one  another.  The  choice  of  d  is  somewhat  restricted 
in  dependence  upon  the  size  of  the  inclusions  to  be  measured,  while  the  value  of  U  can  be  controlled  by  the 
internal  design  of  the  probe,  such  as  the  ratio  of  the  volumes  of  the  two  chambers  40a  and  40b,  the  size  of 
the  bore  52  and  the  internal  pressure  in  the  chambers.  If  a  large  orifice  is  needed  it  may  be  necessary  to  provide 

5  a  positive  pressure  in  the  probe  interior  to  slow  the  flow  to  the  required  extent. 

Materials-Electrodes 

In  order  to  establish  good  electrical  contact  between  the  molten  metal  and  the  electrodes,  without  which 
10  the  LiMCA  signals  will  be  obscured  in  a  background  of  electrical  noise,  it  is  important  that  as  much  wetting  as 

possible  be  established  along  the  current  path  between  the  two  electrodes  and  the  electric  sensing  zone  in 
between.  From  the  point  of  view  of  choosing  suitable  electrodes,  clearly  they  must  not  react  with  the  melt  to 
form  an  electrically  insulating  oxide,  or  other  non-conducting  layer.  For  example,  an  iron  electrode  in  a  copper 
melt  containing  dissolved  oxygen  will  have  its  surface  oxidized  and  then  be  unable  to  pass  electrical  current 

15  smoothly  into  the  copper,  and  instead  nickel  should  be  used  which  forms  a  solid-solution  range  with  copper 
and  dissolves  slightly.  On  the  other  hand,  an  electrode  material  that  is  inert  to  the  melt  and  is  also  non-wetting 
(e.g.  graphite  in  molten  aluminium)  is  a  poor  candidate  because  any  film  of  surface  oxide,  or  even  a  thin  gas 
boundary  layer  that  inevitably  forms  when  an  object  is  pushed  below  the  free  surface  of  a  metal,  again  resists 
the  passage  of  electric  current  between  the  electrode  and  the  melt. 

20  Graphite  also  presents  problems  if  the  metal  contains  appreciable  dissolved  oxygen  (e.g.  above  about  10 
ppm)  since  there  is  a  tendency  to  produce  CO  bubbles  which  can  produce  spurious  signals,  or  even  block  the 
signal  path  completely.  One  helpful  technique  is  to  employ  a  brief  heavy  "conditioning"  current  prior  to  the  ap- 
plication  of  the  test  current,  as  is  employed  in  the  LiMCA  technique,  which  is  believed  to  help  "burn-out"  local 
areas  of  oxides  or  gas  films  that  otherwise  produce  increased  electrical  resistance  between  the  electrode  and 

25  the  melt.  It  is  useful  also  to  choose  an  electrode  material  that  is  slightly  reactive  in  a  chemical  sense  to  the 
molten  metal.  For  aluminium  mild  steel  electrodes  can  be  employed,  which  form  intermetallics  such  as  FeAI3, 
but  simultaneously  establish  a  good  electrical  and  thermal  path  at  the  electrode/melt  interface.  In  the  case  of 
molten  steel,  particularly  aluminium  killed  steel  with  consequent  low  oxygen  levels,  graphite  is  a  good  choice 
in  that  it  is  a  reasonably  good  conductor  of  electricity  and  dissolves  in  steel.  Further,  in  low  carbon  melts,  graph- 

30  ite  has  a  contact  angle  with  steel  that  is  a  little  less  than  90°,  i.e.,  it  is  slightly  wetting  which  is  again  helpful. 
The  net  effect  of  choosing  graphite  is  an  electrode  which  practically  instantaneously  establishes  good  contact. 
Further,  as  graphite  does  not  melt  at  typical  steel-making  temperatures  (1500-1650°C),  it  is  very  useful  in  that 
it  can  also  be  used  to  provide  a  mechanical  support  to  the  probe  body  when  this  is  of  an  electrically  insulating 
material  such  silica,  the  tube  44  being  contained  within  the  concentric  inner  and  outer  graphite  electrodes  in 

35  the  embodiments  of  Figures  3  and  4.  Silica  melts  at  about  1  740°C  and  is  certainly  somewhat  softened  at  steel 
bath  operating  temperatures,  and  therefore  needs  such  support. 

As  described  in  connection  with  the  embodiment  of  Figure  5,  an  alternative  to  graphite  can  be  steel  or  other 
high  melting  point  metals  such  as  tungsten  or  molybdenum.  Such  electrodes  again  have  the  advantage  that 
they  are  "wet"  by  liquid  steel  and  the  molybdenum  and  tungsten  have  a  finite  solubility  toward  the  molten  steel 

40  which  creates  a  perfect  electrical  contact  once  dissolution  and  removal  of  any  oxide  contaminants  has  taken 
place.  In  the  case  of  steel  an  outer  electrode  of  approximately  pure  iron  will  melt  at  1540°C  rather  than  dissolve, 
which  is  resisted  by  the  protective  insulation  layer  55,  this  dictating  the  choice  of  insulating  refractories  of  ap- 
propriate  thickness  and  properties  for  this  purpose.  Another  suitable  choice  for  electrode  material  is  zirconium 
diboride  (ZrB2)  but  this  is  again  an  expensive  material. 

45 
Materials  -  Orifice  Supports 

A  preferred  electrical  and  thermal  insulating  material  for  the  portion  of  the  probe  containing  the  orifice  45 
is  fused  silica,  whether  as  a  tube  or  disc,  despite  its  softening,  because  of  its  ready  availability,  lower  cost 

so  and  the  relative  ease  of  forming  a  contoured  orifice.  Moreover,  silica  is  chemically  attacked  by  iron  and  steel 
and  it  appears  that  the  orifice  is  cleaned  (reamed)  by  the  flow  of  metal  through  it,  so  that  good  signals  are 
obtained.  The  use  of  a  high  initial  conditioning  current  is  also  useful,  and  it  is  found  that  maximising  the  time 
of  contact  between  the  silica  and  the  steel  also  appears  to  improve  performance,  again  indicating  against  too 
rapid  a  flow  rate. 

55  Other  suitable  materials  are  boron  nitride  (BN)  which  has  been  employed,  and  alumina  (Al203).  Orifices 
are  readily  made  in  boron  nitride  but  contouring  of  the  edges  is  more  difficult:  melts  with  high  oxygen  content 
(e.g.  greater  than  1,000  ppm)  should  also  be  avoided  since  otherwise  the  boron  nitride  is  quickly  corroded. 

The  invention  will  now  be  explained  in  greater  detail  by  means  of  the  following  examples. 
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The  concentration  of  inclusions  in  molten  steel  was  measured  using  the  probe  of  Figure  4.  The  slag  breaker 
47  and  the  orifice  cap  46  were  made  of  aluminium,  the  vacuum  tube  44  was  made  of  stainless  steel,  the  outer 
and  inner  electrodes  were  made  of  graphite,  and  the  refactory  insulator  51  ,  in  which  the  orifice  was  formed, 
was  made  of  quartz.  The  orifice  diameter  was  300  micrometers,  the  outer  chamber  40a  had  a  volume  of  50 
cm3,  the  inner  chamber  40b  had  a  volume  of  100  cm3,  and  the  initial  pressure  within  the  tube  was  75  kPa. 

The  probe  was  immersed  in  molten  steel  at  1565°C  in  a  tundish  for  continuous  casting  using  a  hand-held 
holder.  The  concentration  and  particle  size  distribution  of  nonmetallic  inclusions  in  the  molten  steel  were  meas- 
ured.  Table  1  shows  the  composition  of  the  molten  steel. 

Table  1 

Molten  s t e e l   composi t ion   (Weight  %) 

C  Si  Mn  P  S  sol .   Al 

0.06  0.08  0.55  0.014  0.004  0 . 0 4 0  

The  particle  size  distribution  of  inclusions  as  measured  when  the  probe  was  immersed  in  molten  steel  for 
90  seconds  and  a  steady  state  was  reached  is  shown  in  Figure  7.  For  comparison,  the  concentration  and  par- 
ticle  size  distribution  of  nonmetallic  inclusions  in  the  same  molten  steel  were  measured  by  the  ESZ  or  LiMCA 
method  using  the  apparatus  of  Figure  2.  The  results  are  shown  in  Figure  8.  It  can  be  seen  that  nearly  the  same 
results  were  obtained  as  those  shown  in  Figure  7. 

The  probe  of  Figure  2  had  a  probe  support  mechanism  made  of  aluminium,  a  coupler  27  made  of  brass, 
a  water-cooled  holder  28  made  of  aluminium,  an  inner  electrode  rod  23  made  of  steel,  an  inner  electrode  21 
made  of  graphite,  a  quartz  tube  20,  a  radiation  shield  made  from  ceramic  fibers,  a  slag  protection  layer  25 
made  of  high  alumina  cement,  and  an  O-ring  made  of  heat-resistant  rubber. 

Table  2  below  shows  a  comparison  of  the  weights,  costs  per  probe,  and  total  equipment  costs  for  the 
probes  in  accordance  with  the  present  invention  which  are  illustrated  in  Figures  3  and  4  and  also  for  the  com- 
parative  example  of  Figure  2.  The  weight  of  the  comparative  example  was  5  Kg,  while  the  weight  of  the  probes 
of  the  invention  was  1  Kg;  the  cost  per  probe  was  reduced  by  approximately  10%,  and  the  total  equipment 
costs  were  reduced  by  1  0  -  1  5%. 
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Table  2 

Probe  Length  of  Normal  Weight  per  Cost  per  T o t a l  
Type  Operat ion  from  S ta r t   Probe  (kg)  Probe  Equipment 

of  Suct ion  of  Molten  (Index)  Cost  ( Index)  

Present   2  1  10  90 
I n v e n t i o r  
(Fig.  4) 

Presen t   2  1  11  85 
I n v e n t i o r  
(Fig.  5) 

Comparative  At  l e a s t   30  min.  5  100  100 
Example  ( i nc ludes   water  (no  r eu sab l e   (needs  r a i s i n g  
(Fig.  2)  cool ing  head)  head)  and  l o w e r i n g  

j  deyice  ) 

Note:  Each  index  for  the  compara t ive   example  

25  was  given  a  value  of  100.  

It  will  be  seen  that,  as  described  above,  a  probe  in  accordance  with  the  present  invention  is  relatively  in- 
expensive  as  compared  with  the  comparative  example,  but  has  a  measuring  accuracy  which  is  fully  adequate 
compared  to  that  of  a  conventional  probe  for  continuous  measurement,  and  it  is  moreover  easy  to  handle. 

30  Therefore,  it  has  considerable  advantages. 

Index  of  Reference  Signs 

20  Prior  art  sensor  -  quartz  tube 
35  21  Prior  art  sensor  -  hollow  inner  electrode 

22  Prior  art  sensor  -  graphite  reinforcing  member 
23  Prior  art  sensor  -  electrode  rod 
24  Prior  art  sensor  -  sensing  orifice 
25  Prior  art  sensor  -  slag  protective  layer 

40  26  Prior  art  sensor  -  O-ring 
27  Prior  art  sensor  -  coupler 
28  Prior  art  sensor  -  water-cooled  support 
40  Sensor  of  the  invention 
40a  Outer  inflow  chamber 

45  40b  Inner  inflow  chamber 
41  Probe  portion  of  sensor 
42  Probe  support  portion 
44  Cylindrical  body  member 
44(48)  The  body  member  as  inner  electrode 

so  45  Sensing  orifice 
46  Orifice  cap 
47  Slag  breaker  cover 
48  Cylindrical  inner  electrode 
49  Deflector  member 

55  50  Cylindrical  external  electrode 
51  Cylindrical  insulating  layer 
52  Cooling  zone  bore 
53  Refractory  disc  with  orifice 
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55  Protective  refractory  layer 

Claims 

1.  A  molten  metal  inclusion  sensor  of  the  type  which  is  immersed  in  molten  metal  and  detects  inclusions 
therein  by  the  electric  sensing  zone  method  upon  flow  of  molten  metal  into  its  interior;  the  sensor  (40) 
comprising  a  body  (41)  providing  a  chamber  having  an  orifice  (45)  in  a  wall  thereof  through  which  molten 
metal  is  drawn  into  the  interior  of  the  chamber,  electrically  conductive  electrodes  (48,50)  on  opposite  sides 
of  the  orifice,  and  means  for  measuring  changes  of  potential  between  the  electrodes  produced  by  passage 
through  the  orifice  of  particles  entrained  in  the  molten  metal,  the  sensor  (40)  further  comprising  a  support 
(42)  with  the  orifice  (45),  at  least  the  inner  of  the  electrodes  (48),  the  support  and  the  sensor  being  de- 
tachably  connected,  characterised  in  that: 
the  sensor  is  a  single  use  disposable  sensor  and  the  chamber  comprises  two  compartments  (40a,40b) 
connected  by  a  bore  (52)  of  smaller  cross-sectional  area  than  the  compartments,  which  bore  (52)  con- 
stitutes  a  cooling  zone,  the  orifice  (45)  opening  into  one  of  the  compartments  (40a)  such  that  molten  metal 
entering  said  one  compartment  freezes  in  the  cooling  zone  to  inhibit  its  entry  into  the  other  compartment 
(40b). 

2.  A  sensor  as  claimed  in  claim  1  ,  characterised  in  that  the  orifice  (45)  is  sealed  by  an  orifice  cover  (46)  of 
material  of  lower  melting  point  than  that  of  the  molten  metal  and  the  interior  of  the  chamber  (40a,40b)  is 
at  a  reduced  pressure,  whereby  when  the  sensor  is  immersed  in  molten  metal  the  orifice  cover  (46)  melts 
and  molten  metal  flows  into  the  chamber  (40a,40b)  through  the  orifice  with  the  assistance  of  the  reduced 
pressure. 

3.  A  sensor  as  claimed  in  claim  2,  characterised  in  that  the  interior  of  the  chamber  (40a,40b)  is  at  a  reduced 
pressure  which  has  been  produced  therein  prior  to  the  sealing  of  the  orifice  (45)  by  the  orifice  cover  (46). 

4.  A  sensor  as  claimed  in  claim  2,  characterised  in  that  the  interior  of  the  chamber  (40a,40b)  is  at  a  reduced 
pressure  provided  by  an  external  vacuum  source. 

5.  A  sensor  as  claimed  in  any  one  of  claims  1  to  4,  wherein  the  sensor  body  (41)  comprises  a  tube  (44)  of 
electrically  insulating  material  providing  the  chamber  (40a,40b)  which  tube  has  the  orifice  (45)  in  a  portion 
thereof,  characterised  in  that  an  electrically  conducting  inner  tube  (48)  and  an  electrically  conducting  outer 
tube  (50),  each  of  which  serves  as  a  respective  inner  and  outer  electrode,  are  mounted  respectively  on 
the  inside  and  the  outside  walls  of  the  electrically-insulating  tube,  the  outer  electrode  (50)  extending  ad- 
jacent  to  the  orifice  (45)  from  the  lower  end  of  the  sensor  body  (40)  only  partly  the  length  thereof. 

6.  A  sensor  as  claimed  in  any  one  of  claims  1  to  5,  characterised  in  that  the  orifice  (45)  is  of  such  size,  and 
means  for  causing  the  inflow  of  metal  through  the  orifice  into  the  chamber  (40a,40b)  produce  such  a  pres- 
sure  differential,  that  the  rate  of  flow  of  the  molten  metal  into  the  chamber  (40a,40b)  takes  place  with  a 
Reynolds  number  less  than  2,000. 

7.  A  sensor  as  claimed  in  anyone  of  claims  1  to  6,  characterised  in  that  the  sensor  any  (40)  is  provided  with 
an  external  shield  member  (47)  covering  the  orifice  (45)  and  of  material  of  lower  melting  point  than  the 
molten  metal,  the  shield  member  permitting  the  sensor  (41)  to  be  passed  through  a  layer  of  slag  on  the 
surface  of  the  molten  metal  without  entry  of  slag  into  the  chamber  (40a,40b). 

8.  A  sensor  as  claimed  in  any  one  of  claims  1  to  7,  characterised  in  that  the  exterior  of  the  sensor  (40)  is 
provided  with  a  layer  of  heat  resistant  material  (55)  to  extend  its  useful  life  while  immersed  in  the  molten 
metal  to  a  period  of  at  least  two  minutes. 

9.  A  sensor  as  claimed  in  anyone  of  claims  1  to  8,  characterised  in  that  the  interior  of  the  chamber  (40a,40b) 
is  provided  adjacent  the  orifice  (45)  with  a  deflector  member  (47)  intercepting  the  metal  entering  the  cham- 
ber  (40a,40b)  and  deflecting  it  to  flow  along  the  inner  wall  of  the  chamber. 

10.  A  sensor  as  claimed  in  any  one  of  claims  1  to  9,  characterised  in  that  the  orifice  (45)  has  a  contoured 
profile  with  both  enterance  and  exit  smoothly  rounded  to  reduce  turbulence  of  flow  therethrough. 
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11.  A  sensor  as  claimed  in  claim  10,  characterised  in  that  the  orifice  (45)  is  produced  by  first  mechanically 
drilling  a  hole  in  the  material  (51)  of  the  chamber  wall,  and  thereafter  heating  the  edges  of  the  hole  to  at 
least  partly  fuse  the  material  and  permit  surface  energy  forces  to  round  smoothly  the  entrance  and  exit 
to  the  orifice. 

12.  A  sensor  as  claimed  in  any  one  of  claims  1  to  11,  characterised  in  that  the  material  of  the  chamber 
(40a,40b)  is  selected  from  steel,  molybdenum,  tungsten,  silica,  boron  nitride  and  alumina. 

13.  A  sensor  as  claimed  in  any  one  of  claims  1  to  12,  characterised  in  that  the  material  of  the  electrode  (50), 
or  of  the  electrodes  (48,50)  is  selected  from  graphite,  steel,  molybdenum,  tungsten,  and  zirconium  dibor- 
ide. 

Patentanspruche 

1.  Ein  Sensor  zum  Nachweisen  von  Einschlussen  in  geschmolzenem  Metall  desTyps,  deringeschmolzenes 
Metall  eingetaucht  wird  und  darin  Einschlusse  durch  das  elektrische  Zonenfuhlverfahren  bezuglich  des 
Flusses  des  geschmolzenen  Metalls  in  sein  Inneres  erfalit;  wobei  der  Sensor  (40)  einen  Korper  (41),  der 
eine  Kammer  bereitstellt,  die  eine  Offnung  (45)  in  einer  Wand  derselben  aufweist,  durch  welche  geschmol- 
zenes  Metall  in  das  Innere  der  Kammer  gezogen  wird,  elektrisch  leitende  Elektroden  (48,  50)  auf  gegen- 
uberliegenden  Seiten  der  Offnung  und  Mittel  zum  Messen  der  Anderungen  des  Potentials  zwischen  den 
Elektroden,  die  durch  den  Durchgang  von  in  dem  geschmolzenen  Metall  eingeschlossenen  Partikeln  her- 
vorgerufen  werden,  umfalit,  der  Sensor  (40)  ferner  einen  Trager  (42)  mit  der  Offnung  (45)  und  zumindest 
der  inneren  der  Elektroden  (48)  umfalit,  und  der  Trager  und  der  Sensor  losbar  miteinander  verbunden 
sind,  dadurch  gekennzeichnet,  dali: 
der  Sensor  ein  Sensorfurden  einmaligen  Gebrauch  ist,  und  die  Kammer  zwei  Abteilungen  (40a,  40b)  um- 
falit,  die  durch  eine  Bohrung  (52)  mit  einem  kleineren  Querschnittsbereich  als  die  Abteilungen  verbunden 
sind,  wobei  die  Bohrung  (52)  eine  Kuhlzone  bildet,  sich  die  Offnung  (45)  in  eine  der  Abteilungen  (40a) 
offnet,  so  dali  geschmolzenes  Metall,  das  besagte  eine  Abteilung  betritt,  in  der  Kuhlzone  gef  riert,  urn  sein 
Eindringen  in  die  andere  Abteilung  (40b)  zu  verhindern. 

2.  Sensor  nach  Anspruch  1,  dadurch  gekennzeichnet,  dali  die  Offnung  (45)  mit  einer  Offnungsabdeckung 
(46)  aus  einem  Material  mit  einem  niedrigeren  Schmelzpunkt  als  der  des  geschmolzenen  Metalls  abge- 
dichtet  ist,  und  im  Inneren  der  Kammer  (40a,  40b)  Unterdruck  herrscht,  wodurch,  wenn  der  Sensor  in  das 
geschmolzene  Metall  eingetaucht  wird,  die  Offnungsabdeckung  (46)  schmilzt  und  geschmolzenes  Metall 
in  die  Kammer  (40a,  40b)  durch  die  Offnung  mit  der  Unterstutzung  des  Unterdrucks  flielit. 

3.  Sensor  nach  Anspruch  2,  dadurch  gekennzeichnet,  dali  in  dem  Inneren  der  Kammer  (40a,  40b)  ein  Un- 
terdruck  herrscht,  der  darin  vor  dem  Abdichten  der  Offnung  (45)  durch  die  Offnungsabdeckung  (46)  her- 
gestellt  worden  ist. 

4.  Sensor  nach  Anspruch  2,  dadurch  gekennzeichnet,  dali  in  dem  Inneren  der  Kammer  (40a,  40b)  ein  Un- 
terdruck  herrscht,  der  von  einer  externen  Vakuumquelle  bereitgestellt  wird. 

5.  Sensor  nach  irgendeinemderAnspruche  1  bis  4,  wobei  der  Sensorkorper  (41)  ein  Rohr(44)  aus  elektrisch 
isolierendem  Material  umfalit,  das  die  Kammer  (40a,  40b)  liefert,  wobei  das  Rohrdie  Offnung  (45)  in  einem 
seiner  Teile  aufweist,  dadurch  gekennzeichnet  dali,  ein  elektrisch  leitendes  lnnenrohr(48),  das  als  innere 
Elektrode  dient,  an  der  Innenwand  des  elektrisch  isolierenden  Rohrs  angebracht  ist  und  ein  elektrisch 
leitendes  Aulienrohr  (50),  das  als  auliere  Elektrode  dient,  an  der  Aulienwand  des  elektrisch  isolierenden 
Rohrs  angebracht  ist,  wobei  sich  die  auliere  Elektrode  (50)  benachbart  zu  der  Offnung  (45)  von  dem  un- 
teren  Ende  des  Sensorkorpers  (40)  nurteilweise  entlang  der  Lange  desselben  erstreckt. 

6.  Sensor  nach  irgendeinemderAnspruche  1  bis  5,  dadurch  gekennzeichnet,  dali  die  Offnung  (45)  von  solch 
einer  Grolie  ist,  und  Mittel  zum  Hervorrufen  des  Einf  lieliens  des  Metalls  durch  die  Offnung  in  die  Kammer 
(40a,  40b)  solch  ein  Druckdifferential  herstellen,  dali  die  Flielirate  des  geschmolzenen  Metalls  in  die  Kam- 
mer  (40a,  40b)  mit  einer  Reynolds-Zahl  von  weniger  als  2,000  stattf  indet. 

7.  Sensor  nach  irgendeinem  der  Anspruche  1  bis  6,  dadurch  gekennzeichnet,  dali  der  Sensor  (40)  mit  einem 
externen  Abschirmglied  (47)  ausgerustet  ist,  das  die  Offnung  (45)  uberdeckt  und  aus  einem  Material  ist, 
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das  einen  niedrigeren  Schmelzpunkt  als  das  geschmolzene  Metall  aufweist,  wobei  das  Abschirmglied  dem 
Sensor  (41  )  erlaubt,  durch  eine  Schlackeschicht  auf  der  Oberf  lache  des  geschmolzenen  Metalls  hindurch- 
gefuhrt  zu  werden,  ohne  dali  Schlacke  in  die  Kammer  (40a,  40b)  eintritt. 

5  8.  Sensor  nach  irgendeinem  der  Anspruche  1  bis  7,  dadurch  gekennzeichnet,  dali  das  Auliere  des  Sensors 
(40)  mit  einer  Schicht  aus  warmeresistentem  Material  (45)  bereitgestellt  ist,  urn  seine  nutzvolle  Lebens- 
zeit,  wahrend  er  in  dem  geschmolzenen  Metall  eingetaucht  ist,  auf  eine  Zeitdauer  von  zumindest  zwei  Mi- 
nuten  zu  verlangern. 

10  9.  Sensor  nach  irgendeinem  der  Anspruche  1  bis  8,  dadurch  gekennzeichnet,  dali  das  Innere  der  Kammer 
(40a,  40b)  benachbartzu  der  Offnung  (45)  mit  einem  Deflektormittel  (47)  ausgerustet  ist,  das  das  die  Kam- 
mer  (40a,  40b)  betretende  Metall  abfangt  und  ablenkt,  so  dali  es  entlang  der  Innenwand  der  Kammer 
flielit. 

10.  Sensor  nach  irgendeinemderAnspruche  1  bis  9,  dadurch  gekennzeichnet,  dali  die  Offnung  (45)  eine  Kon- 
tur  hat,  so  dali  ihr  Eingang  sowie  Ausgang  weich  gerundet  ist,  urn  Turbulenzen  des  Flusses  durch  dieselbe 
zu  reduzieren. 

11.  Sensor  nach  Anspruch  10,  dadurch  gekennzeichnet,  dali  die  Offnung  (45)  dadurch  hergestellt  ist,  dali 
zuerst  mechanisch  eine  Durchfuhrung  in  das  Material  (51)  der  Kammerwand  gebohrt  wird  und  danach 

20  die  Kanten  der  Durchfuhrung  aufgeheizt  werden,  urn  zumindest  teilweise  das  Material  zu  schmelzen  und 
Oberflachenenergiekraften  zu  erlauben,  den  Eingang  und  den  Ausgang  der  Offnung  weich  zu  runden. 

12.  Sensor  nach  irgendeinemderAnspruche  1  bis  11  ,  dadurch  gekennzeichnet,  dali  das  Material  der  Kammer 
(40a,  40b)  aus  Stahl,  Molybden,  Kieselsaure,  Bornitrit  und  Aluminium  ausgewahlt  ist. 

25 
13.  Sensor  nach  irgendeinem  der  Anspruche  1  bis  12,  dadurch  gekennzeichnet,  dali  das  Material  der  Elek- 

trode  (50)  oder  der  Elektroden  (48,  50)  aus  Graphit,  Stahl,  Molybden,  Wolfram  und  Zirkondiborit  ausge- 
wahlt  ist. 

30 
Revendications 

1.  Detecteur  d'inclusions  dans  un  metal  en  fusion,  du  type  qui  est  immerge  dans  le  metal  en  fusion  et  qui 
y  detecte  des  inclusions  par  la  methode  de  la  zone  de  detection  electrique  sur  un  courant  de  metal  en 

35  fusion  circulant  a  I'interieur,  le  detecteur  (40)  comprenant  un  corps  (41)  procurant  une  chambre  ayant  un 
orifice  (45)  dans  I'une  de  ses  parois,  a  travers  lequel  du  metal  en  fusion  est  attire  dans  I'interieur  de  la 
chambre,  des  electrodes  electriquement  conductrices  (48,50)  sur  des  cotes  opposes  de  I'orif  ice  et  des 
moyens  pour  mesurer  les  changements  de  potentiel  entre  les  electrodes  produits  par  le  passage  a  travers 
I'orif  ice  de  particules  entraTnees  dans  le  metal  en  fusion,  le  detecteur  (40)  comprenant  en  outre  un  support 

40  (42)  avec  I'orif  ice  (45),  au  moins  I'interieur  des  electrodes  (48),  le  support  et  le  detecteur  etant  raccordes 
ensemble  de  facon  amovible,  caracterise  en  ce  que  :  le  detecteur  est  un  detecteur  jetable  a  usage  unique 
et  la  chambre  comprend  deux  compartiments  (40a,40b)  raccordes  par  un  alesage  (52)  ayant  une  surface 
en  section  transversale  plus  petite  que  les  compartiments,  lequel  alesage  (52)  constitue  une  zone  de  re- 
froidissement,  I'orifice  (45)  s'ouvrant  dans  I'un  des  compartiments  (40a)  de  telle  sorte  que  le  metal  en 

45  fusion  penetrant  dans  ledit  compartiment  se  solidif  ie  dans  la  zone  de  ref  roidissement  pour  empecher  qu'il 
penetre  dans  I'autre  compartiment  (40b). 

2.  Detecteur  selon  la  revendication  1  ,  caracterise  en  ce  que  I'orifice  (45)  est  obture  par  un  couvercle  d'orif  ice 
(46)  en  un  materiau  ayant  un  point  de  fusion  inferieur  a  celui  du  metal  en  fusion  et  en  ce  qu'une  pression 

so  reduite  regne  a  I'interieur  de  la  chambre  (40a,40b),  d'ou  il  resulte  que,  lorsque  le  detecteur  est  plonge 
dans  le  metal  en  fusion,  le  couvercle  d'orif  ice  (46)  fond  et  du  metal  en  fusion  penetre  dans  la  chambre 
(40a,40b)  a  travers  I'orifice,  cette  penetration  etant  facilitee  par  la  pression  reduite. 

3.  Detecteur  selon  la  revendication  2,  caracterise  en  ce  qu'une  pression  reduite  regne  a  I'interieur  de  la 
55  chambre  (40a,40b),  cette  pression  reduite  ayant  ete  produite  a  I'interieur  avant  I'obturation  de  I'orifice  (45) 

par  le  couvercle  d'orif  ice  (46). 

4.  Detecteur  selon  la  revendication  2,  caracterise  en  ce  que  la  pression  reduite  regnant  a  I'interieur  de  la 
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chambre  (40a,40b)  est  procuree  par  une  source  de  vide  exterieur. 

Detecteur  selon  I'une  des  revendications  1  a  4,  dans  lequel  le  corps  de  detecteur  (41)  comprend  un  tube 
(44)  en  un  materiau  electriquement  isolant  procurant  la  chambre  (40a,40b),  I'orifice  (45)  se  trouvant  dans 
une  portion  de  ce  tube,  caracterise  en  ce  qu'un  tube  interieur  conducteur  de  I'electricite  (48)  et  un  tube 
exterieur  conducteurde  I'electricite  (50),  chacun  servant  d'electrodes  interieure  et  exterieure  respectives, 
sont  montes  respectivement  sur  les  parois  interieure  et  exterieure  du  tube  electriquement  isolant,  I'elec- 
trode  exterieure  (50)  s'etendant  adjacente  a  I'orifice  (45)  depuis  I'extremite  inferieure  du  corps  de  detec- 
teur  (40)  sur  seulement  une  partie  de  sa  longueur. 

Detecteur  selon  I'une  des  revendications  1  a  5,  caracterise  en  ce  que  I'orifice  (45)  a  une  dimension  telle, 
et  que  des  moyens  faisant  que  le  metal  en  fusion  penetrant  a  travers  I'orifice  dans  la  chambre  (40a,40b) 
produise  une  difference  de  pression  telle  que  le  debit  du  metal  en  fusion  penetrant  dans  la  chambre 
(40a,40b)  s'effectue  avec  un  nombre  de  Reynolds  inferieur  a  2000. 

Detecteur  selon  I'une  des  revendications  1  a  6,  caracterise  en  ce  que  le  detecteur  (40)  est  pourvu  d'un 
element  de  protection  exterieur  (47)  recouvrant  I'orifice  (45)  et  etant  en  un  materiau  ayant  un  point  de 
fusion  inferieur  a  celui  du  metal  en  fusion,  I'elementde  protection  permettantau  detecteur  (41  )  de  passer 
a  travers  une  couche  de  scories  sur  la  surface  du  metal  en  fusion  sans  laisser  entrer  de  scories  dans  la 
chambre  (40a,40b). 

Detecteur  selon  I'une  des  revendications  1  a  7,  caracterise  en  ce  que  I'exterieur  du  detecteur  (40)  est  re- 
couvert  d'une  couche  de  materiau  resistant  a  la  chaleur  (55)  pour  prolonger,  lorsqu'il  est  plonge  dans  le 
metal  en  fusion,  sa  duree  de  vie  utile  jusqu'a  une  periode  d'au  moins  2  minutes. 

Detecteur  selon  I'une  des  revendications  1  a  8,  caracterise  en  ce  que  I'interieur  de  la  chambre  (40a,40b) 
comporte,  adjacent  a  I'orifice  (45),  un  deflecteur  (47)  interceptant  le  metal  penetrant  dans  la  chambre 
(40a,40b)  et  le  deviant  pour  qu'il  circule  le  long  de  la  paroi  interieure  de  la  chambre. 

Detecteur  selon  I'une  des  revendications  1  a  9,  caracterise  en  ce  que  I'orifice  (45)  a  un  contour  profile  et 
que  I'entree  et  la  sortie  sont  toutes  deux  regulierement  arrondies  pour  reduire  la  turbulence  du  courant 
de  metal  en  fusion  les  traversant. 

Detecteur  selon  la  revendication  10,  caracterise  en  ce  que  I'orifice  (45)  est  produit  en  percant  d'abord 
mecaniquement  un  trou  dans  le  materiau  (51)  de  la  paroi  de  la  chambre  et  en  chauffant  ensuite  les  bords 
du  trou  jusqu'a  fondre  au  moins  partiellement  le  materiau  et  permettre  aux  forces  d'energie  de  surface 
d'arrondir  regulierement  I'entree  et  la  sortie  a  I'orifice. 

Detecteur  selon  I'une  des  revendications  1  a  11,  caracterise  en  ce  que  le  materiau  de  la  chambre  (40a,40b) 
est  choisi  parmi  I'acier,  le  molybdene,  le  tungstene,  la  silice,  le  bore,  un  nitrure  et  I'alumine. 

Detecteur  selon  I'une  des  revendications  1  a  12,  caracterise  en  ce  que  le  materiau  de  I'electrode  (50)  ou 
des  electrodes  (48,50)  est  choisi  parmi  le  graphite,  I'acier,  le  molybdene,  le  tungstene  et  le  diborure  de 
zirconium. 
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