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(57) ABSTRACT 

A method for analyzing the composition of a bath compris 
ing liquid metal, in Which a laser beam is directed onto a 
surface of the bath and in Which at least part of the metal 
forms a sample Which is analyzed. In the method, at least at 
the location Where the laser beam meets the bath, impurities 
at the surface of the bath are removed by purging With a 
stream of a purge gas. A device for analyzing the compo 
sition of a bath comprising liquid metal. 
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METHOD FOR ANALYZING LIQUID METAL AND 
DEVICE FOR USE IN THIS METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This claims the bene?t under 35 USC 119 of 
Netherlands patent application number 1029612, ?led on 26 
Jul. 2005, incorporated herein by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The invention relates to a method for analyzing the 
composition of a bath of liquid metal and to a device for use 
in this method. 

BACKGROUND OF THE INVENTION 

[0003] A method and device for analyzing the composition 
of molten steel are knoWn from British Patent Application 
GB 2154315A, incorporated herein by reference in its 
entirety. 

[0004] According to the method described, a probe Which 
is provided With means for transporting a beam of laser light 
is positioned above a bath of liquid steel. That part of the 
steel Which the laser light impinges on emits element 
speci?c radiation. The radiation emitted is passed via an 
optical system, Which is likeWise accommodated in the 
probe, to a spectrometer for analysis. The composition of the 
steel can be derived from the results of the analysis. This 
method is also knoWn as LIBS (Laser Induced Breakdown 
Spectroscopy). 
[0005] On the side facing the bath, the probe is provided 
With a ceramic tube Which protects the probe from being 
affected by liquid steel and by slag Which is present on top 
of the liquid steel. 

[0006] To prevent liquid steel from penetrating into the 
ceramic tube, a gas pressure is applied inside the tube by a 
stream of a gas Which is supplied via an inlet port of the 
probe and is discharged along outlet ports of the probe With 
a limited passage. 

[0007] In the context of the present description, the term 
laser light is to be understood as meaning any form of 
electromagnetic radiation Which is generated by a laser. 
Furthermore, the term metal is also to be understood as 
encompassing an alloy Which substantially comprises one or 
more metals and other metals or non-metals. 

[0008] One problem of the knoWn method is that the 
material Which the laser beam impinges on at the surface of 
the bath, such as steel and alloying elements in the prior art, 
reacts With the gas or With impurities Which are inevitably 
present in the gas, such as oxygen if the gas is an inert gas. 

[0009] The impurities react With the material and form 
compounds Which in turn, on account of the energy of the 
laser beam, at least in part generate radiation, and thereby 
distort the measurement of the composition of the bath. 

[0010] Another problem is that compounds Which have 
such a high melting point or boiling point that they do not 
melt or evaporate, but rather form a solid crust Where the 
laser beam is supposed to meet the bath, may form. This 
problem plays a signi?cant role in particular in the case of 
reactive metals. 
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[0011] If the composition of the bath ?uctuates, the solid 
crust shields the bath from further analysis, With the result 
that it is not possible to measure the correct current com 
position of the bath. 

[0012] The problems are signi?cant in particular in the 
case of measurements Which last for a prolonged period of 
time on account of the requirement for statistical accuracy. 

SUMMARY OF THE INVENTION 

[0013] It is an object of the invention to provide a method 
for analyZing a metal, in Which the measurement accuracy is 
not affected by impurities in the gas. 

[0014] It is another object of the invention to provide a 
method for analyZing a metal Which is also suitable for 
analyZing reactive metals. 

[0015] Yet another object of the invention is to provide a 
method for analyZing a metal Which is also suitable for 
measuring loW concentrations of an element in a bath of a 
metal or for long-term measurements. 

[0016] These and other objects are achieved by a method 
for analyZing the composition of a bath comprising liquid 
metal, in Which a laser beam is directed onto a surface of the 
bath and in Which at least part of the metal forms a sample 
Which is analyZed, characteriZed in that, at least at the 
location Where the laser beam meets the bath, impurities at 
the surface of the bath are removed by purging With a stream 
of a purge gas. 

[0017] The stream of the purge gas entrains impurities in 
the form of undesirable reaction products Which have been 
formed and carries them outside the region of the surface 
Where the laser beam meets the bath. Tests have shoWn that 
removing impurities can be carried out so effectively that it 
is possible to carry out measurements continuously, so that 
even accurate measurement and determination of a changing 
composition of the bath is possible. 

[0018] The method according to the invention is particu 
larly advantageous if the liquid metal is a liquid aluminium 
alloy. 

[0019] Aluminium has a particularly high affinity for 
oxygen, in such a manner that even the very loW oxygen 
potential of 10'7 in argon, Which is customarily used as 
purge gas, is too high to alloW analysis of the composition 
of an aluminium bath, certainly if loW concentrations of 
alloying elements or impurities need to be determined. Prior 
to the invention, therefore, LIBS Was unsuitable for deter 
mining the composition of a bath of liquid aluminium 
continuously or With a high level of accuracy, as required for 
the production of aluminium alloys. 

[0020] A further improvement to the method according to 
the invention is achieved in an embodiment Which is char 
acteriZed in that the velocity and direction of the stream of 
the purge gas are selected in such a manner that the surface 
of the bath adjacent to the location Where the laser beam 
meets it has a convex meniscus. 

[0021] It has been found that by selecting the direction in 
Which the gas is fed to the surface and the quantity of gas, 
it is possible to promote the formation, maintenance and 
height of a convex meniscus. It is particularly effective to 
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supply the purge gas in such a manner that the purge gas is 
discharged radially over the convex meniscus and thereby 
entrains impurities. 

[0022] According to one particularly effective embodi 
ment of the invention, a submerged pipe system provided 
With a top side, an underside and a casing is at least partially 
placed in the bath, and the stream of the purge gas is fed into 
the submerged pipe system above the bath and is directed 
onto the bath at least at the location Where the laser beam 
meets the bath. 

[0023] The submerged pipe system extending into the bath 
of liquid metal causes a convex meniscus of the molten 
metal inside the casing of the submerged pipe system. Solid 
or liquid impurities Which form on the meniscus are dis 
charged by the stream of purge gas to the region outside the 
laser beam. It has been found that, in the case of a ?at top 
side of a bath of, for example, molten aluminium, a depres 
sion up to 10 mm deep can form at the location Where the 
laser beam meets the surface of the bath. Dross collects in 
this depression, making reliable measurement impossible. 
This embodiment of the invention avoids this problem. 

[0024] A further embodiment of the method according to 
the invention is characterized in that purge gas in the 
submerged pipe system is discharged from the submerged 
pipe system beloW the surface of the bath. For a selected 
diameter of the casing pipe, the depth to Which the casing is 
submerged and the velocity of the stream of gas, it is in this 
Way possible that the impurities are discharged out of the 
submerged pipe system. 

[0025] The method according to the invention is of par 
ticular bene?t if the liquid metal is a liquid aluminium alloy. 
Liquid aluminium is particularly reactive and forms a crust 
of aluminium oxide, Which distorts the measurement, even 
in the presence of very small quantities of oxygen, origi 
nating from the purge gas or from leaks. With the method 
according to the invention, aluminium oxide Which is 
formed is discharged by the purge gas to outside the region 
Where the laser beam meets the aluminium surface. 

[0026] The invention is also embodied by a device for use 
in the method for analyzing the composition of a bath 
comprising liquid metal, Which device is provided With a 
submerged pipe system provided With a top side, an under 
side and a casing having an inner Wall and an outer Wall, a 
source for generating a beam of laser light and a gas supply 
tube for feeding purge gas into the submerged pipe system, 
characterized in that the gas supply tube is provided With a 
passage having a reduced bore size, in order to at least 
locally increase the How velocity of the gas in the direction 
of the bath, and runs inside the casing in such a manner that 
during use the bath inside the casing forms a convex 
meniscus. It is preferable for the gas supply tube inside the 
casing to at least in part be concentric With the casing. 

[0027] When the device is in use, the submerged pipe 
system is submerged in the bath of liquid metal, forming a 
convex meniscus. It has been found that the height of the 
convex meniscus can be increased by discharging the purge 
gas along the underside of the submerged pipe. It is prefer 
able for the purge gas to be supplied With a selected velocity 
in the direction of the highest point of the convex meniscus. 
One additional advantage is that impurities are entrained 
along the meniscus by the purge gas. 
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[0028] It has been found that the momentum Which the 
laser beam imparts to the molten metal causes drops of 
molten metal to jump out of the bath and be deposited on, 
inter alia, the optical system Which is used to guide the laser 
beam to the bath and to guide any element-speci?c radiation 
to an analysis apparatus, or on a gas pipe for discharging the 
gas sample to an analysis apparatus. 

[0029] This embodiment of the invention also prevents 
drops of liquid metal from reaching the optical system or a 
pipe for the gas sample, on the one hand on account of the 
reduced size of bore and on the other hand on account of the 
higher gas velocity. 

[0030] A further improvement to the device according to 
the invention is achieved With an embodiment Which is 
characterized in that the casing of the submerged pipe 
system is provided, in the part Which in use extends into the 
bath, With outlet openings and/or With slots arranged in the 
underside of the casing. 

[0031] Surprisingly, it has been found that in this embodi 
ment the meniscus is self-stabilizing or is at least more 
self-stabilizing than Without this measure, i.e. the meniscus 
has a symmetrical pro?le in the submerged pipe, in particu 
lar if the casing has a circular cross section. 

[0032] Moreover, it has been found that oscillations Which 
occur in this embodiment caused by the momentum of the 
laser beam are more successfully attenuated in an embodi 
ment in Which slots and/or openings run With an increasing 
cross section from the inside of the casing toWards the 
outside thereof. 

[0033] A further preferred embodiment of the method 
according to the invention is characterized in that at least 
part of the inner Wall of the casing of the submerged pipe 
system is made from a material Which is not Wettable by the 
liquid metal. 

[0034] This embodiment promotes the formation and 
height of a convex meniscus still further. Moreover, it has 
the effect of providing the submerged pipe With a longer 
service life on account of reduced chemical attack, since the 
casing does not come into contact With the material to the 
same extent. 

[0035] The invention Will be explained in more detail 
beloW on the basis of a diagrammatic draWing of a mea 
surement arrangement suitable for carrying out the method 
according to the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] In the draWings: 

[0037] FIG. 1 shoWs a diagrammatic cross section through 
a measurement arrangement for measuring the composition 
of a bath according to the invention, and 

[0038] FIG. 2a shoWs a side vieW of the submerged pipe; 
in this case of the bottom pipe 3 in the form of a cylindrical 
pipe. 

[0039] FIG. 2b shoWs a vieW of the underside of the 
submerged pipe of FIG. 2a, in particular it shoWs a vieW of 
the underside of the casing of a submerged pipe system for 
use in the method according to the invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0040] In FIG. 1, 1 denotes part ofa bath of molten metal, 
such as a bath of a molten aluminium alloy. A submerged 
pipe system 2, Which in the embodiment shoWn is provided 
With a casing 3, extends into the bath 1. A gas supply tube 
4 runs concentrically inside the casing 3. The casing 3 and 
the gas supply tube 4 are coupled to one another by means 
of O-rings 5, Which also provide a gastight seal. 

[0041] As a result of part of the casing 3 being submerged 
in the bath 1, a convex meniscus 6 is formed inside the 
casing 3. It is preferable for at least part of the inner Wall of 
the casing 3 to be made from a non-Wetting material. A laser 
beam 15, generated by a laser source (not shoWn), meets the 
meniscus at the location of the meeting plane 7, Which is 
located above the focal point of the laser beam in order to 
prevent positioning problems and in order to prevent gas 
located above the meniscus from forming a plasma. 

[0042] The gas supply tube 4 is provided With a tapered 
doWnstream (relative to the direction of gas ?oW) end 
portion de?ning a passage 8 With a central narroWed section 
9 at a doWnstream end of the end portion. The central 
narroWed section 9 has a reduced bore siZe relative to the 
inside diameter (bore siZe) of an upstream end of passage 8. 

[0043] The direction of the stream of the purge gas origi 
nating from a gas source (not shoWn in more detail) is 
denoted by arroWs 10, 11 and 12. 

[0044] As a result of the reduced siZe of bore, at the 
doWnstream discharge end of the central narroWed section 9, 
the purge gas acquires an increased velocity as it ?oWs 
through the bore. The stream of purge gas ?oWs along the 
meniscus and entrains solid and possibly liquid particles in 
the direction indicated by arroW 13, so that it is alWays a 
clean meeting plane 7 Which is exposed to the laser beam. 
Moreover, the gas stream promotes the maintenance and 
height of the convex meniscus. The process of keeping the 
meeting plane 7 clean is further promoted by the doWnWard 
curvature of the meniscus. 

[0045] The purge gas leaves the submerged pipe in the 
form of gas bubbles 14 and entrains the solid particles. 

[0046] FIG. 2a shoWs a side vieW of the submerged pipe; 
in this case of the bottom pipe (casing) 3 in the form of a 
cylindrical pipe. 
[0047] FIG. 2b shoWs a vieW of the underside of the 
submerged pipe (casing) 3. 

[0048] The Wall 20 of the casing 3 is provided With 
toothed slots 21. It is preferable for the cross section of the 
slots to increase from the inside outWards, as shoWn in FIG. 
2b. The result of this is that the How velocity of the gas on 
the inside of the submerged pipe is greater than on the 
outside, Which has a stabiliZing effect on the position of the 
meniscus and also ensures that the metal in the submerged 
pipe continues to move and is therefore a good re?ection of 
the metal in the molten bath. In addition or as an alternative, 
the casing may be provided With holes 22 Which are sub 
merged in the bath When using the method. The slots 21 and 
holes 22 have a stabiliZing and homogeniZing effect on the 
shape of the meniscus. Moreover, it is assumed that they 
cause an additional ?oW around the underside of the sub 
merged pipe (casing) 3, Which contributes to the liquid metal 
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in the submerged pipe (casing) 3 being constantly refreshed 
and therefore being a good re?ection of the molten metal in 
the remainder of the bath 1. 

1. A method for analyZing the composition of a bath 
comprising liquid metal, in Which a laser beam is directed 
onto a surface of the bath and in Which at least part of the 
metal forms a sample Which is analyZed, comprising, at least 
at the location Where the laser beam meets the bath, remov 
ing impurities at the surface of the bath by purging With a 
stream of a purge gas. 

2. The method according to claim 1, Wherein the velocity 
and direction of the stream of the purge gas are selected in 
such a manner that the surface of the bath adjacent to the 
location Where the laser beam meets it has a convex menis 
cus. 

3. The method according to claim 1, Wherein a submerged 
pipe system provided With a top side, an underside and a 
casing is at least partially placed in the bath, and the stream 
of the purge gas is fed into the submerged pipe system above 
the bath and is directed onto the bath at least at the location 
Where the laser beam meets the bath. 

4. The method according to claim 3, Wherein purge gas in 
the submerged pipe system is discharged from the sub 
merged pipe system beloW the surface of the bath. 

5. The method according to claim 1, Wherein the liquid 
metal is a liquid aluminium alloy. 

6. A device for analyZing the composition of a bath 
comprising liquid metal, comprising: 

a submerged pipe system provided With a top side, an 
underside and a casing having an inner Wall and an 
outer Wall, 

a source for generating a beam of laser light, and 

a gas supply tube for feeding purge gas into the sub 
merged pipe system, 

the gas supply tube for feeding the purge gas in the 
direction of the bath, and to run inside the casing, in 
such a manner that during use the bath inside the casing 
forms a convex meniscus along Which purge gas ?oWs. 

7. The device according to claim 6, Wherein the gas 
supply tube has a reduced bore siZe for at least locally 
increasing the How velocity of the purge gas. 

8. The device according to claim 6, Wherein the casing of 
the submerged pipe system is provided, in the part Which in 
use extends into the bath, With outlet openings and/or With 
slots arranged in the underside of the casing. 

9. The device according to claim 8, Wherein the slots 
and/or openings run With an increasing cross section from 
the inside of the casing toWards the outside thereof. 

9. The device according to claim 6, Wherein at least part 
of the inner Wall of the casing of the submerged pipe system 
is made from a material Which is not Wettable by the liquid 
metal. 

10. The device according to claim 6, further comprising: 

the liquid metal bath; 

Wherein the casing has a doWnstream end submerged into 
the bath; 

a portion of the bath being Within the doWnstream end of 
the casing and having a convex meniscus; 

the gas supply tube has a doWnstream end concentric With 
the casing and the gas supply tube passage is located 
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Within the casing for discharging purge gas into the a downstream end of the gas supply tube passage having 
Casing Onto the pOI'tiOn Of the bath Within the dOWIl- the bore siZe for at least locally providing the purge gas 
Stream end of the Caslng; in the direction of the bath With suf?cient ?oW Velocity 

the source for generating a beam of laser light and for In the Casmg to form the COnYeX_memSCuS along Whlch 
discharging the beam through the Supply tube passage purge gas ?oWs on the bath 1ns1de the cas1ng. 
onto the portion of the bath being Within the doWn 
stream end of the casing; * * * * * 


