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EXTENSION AND EVALUATION OF ICP TORCH LIFE SPAN FOR INDUCTIVELY
COUPLED PLASMA EMISSION SPECTROMETRY
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The life span of melted Philips torch has been extended for laboratory use by modifying the damaged Philips torch
and then compared with that of a standard Philips torch. The construction of the modified torch is simple, easy to assemble
and replace, and is ideally suited for the analysis of sample solutions by inductively coupled plasma spectrometry.
Evaluation of the modified torch reduced cost, usually caused by constant melting of ICP torch and also gave similar
results in terms of precision, sensitivity and detection limits when compared with the conventional new ICP Philips torch

(type 145).
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Introduction

One of the main impediments to the acceptance of ICP-
AES system has been the high operational costand complexity
with the ICP source itself. Many workers have sought to
overcome the limitations by alteration of the design and
operating conditions of the ICP, in the hope that power and
argon requirements could be reduced, whilst retaining the
analytical advantages of the source. The methods considered
in pursuit of this aim include: (i) replacement of the argon outer
gas flow by a cheaper gas, e.g. nitrogen (ii) the use of special
torch desing (iii) the application of external cooling of the wall
of outer tube by either water or pressurised air and (iv)
miniaturisation of the torch, and increase in the radio fre-
- quency of the generator.

As part of the move toreduce the running cost of the argon
ICP, some workers considered the use of N, gas as substitute
for the argon outer gas flow [1-3]. Boumans et al. [4] and
Montaser et al. [2] compared the use of N, as substitute for
argon and reported increase in RF power level to maintain
analytical performance coupled with poor detection limits.

As an alternative to the foregoing approaches, reduction
in power and gas consumption can be achieved by miniaturi-
sation of the torch. Hence a number of research groups [5-8]
worked on this and observed that with a fixed frequency of RF
generator, miniaturisation of torch was limited to a certain
extent by (i) the skin depth of the plasma, which is the distance
from the plasma boundary to that where energy coupling has
fallen to 37% of its maximum value and (ii) the channel
diameter, roughly defined as the diameter of the carrier gas
nozzle.

For efficient heating of any cylinderical body in an
induction coil, the radius R of the cylindr must be much greater
than the skin depth (d). Boumans [9] showed that for efficient
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heating, the value R should be greater than 2.3d. Clearly,
unless the skin depth of the ICP can be altered, there is little
prospect of successfully reducing further the plasma’s dimen-
sions. It has been reported that a 9mm ICP can be operated at
100MHz successfully and with minimal matrix interferences
[10,11].

As an alternative to the foregoing approach, an attempt
had-been made in this work to extend the life span of the normal
ICP torch which is continuously faced with the problem of
melting at a very high temperature of the plasma. The torch is
expensive and requires constant change due to melting. The
author observed that the part melted is about 2cm above the
coil, without affecting the coolant, plasma and carrier gas flow
pipes. A modified head was constructed to replace the top
damaged part of the torch. Evaluation of the repaired torch was
carried out and compared with the normal standard Philips
torch.

Experimental

A Philips PV 8490 was employed for all analytical meas-
urements. The ICP is operated at 50MHz and has an output
power in the range 0.7 to 2Kw. Argon was used for all
experiments. The Spectrametrics Inc. echelle spectrometer
was used with the instrument. The conventional operational
procedure was modified to give an output in arbitry intensity
unit. The instrument signals were integrated for Ss, and 9
separate readings were taken. The computer provided the
mean and standard deviation of the measured intensities.

Reconstruction of the melted ICP torch. The melted torch
was cut at the very point of the destructed outer glass. This
length is always about 2cm from the top of the torch down and
is few mm above the tip of internal carrier gas flow tube. The
two inner tubes are not always affected, but the outer layer
only. Considerable care is required in the cutting to give
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perfect cut so as to ensure the perfect concentricity of the tubes
and rotational symmetry of the assembly, which are the vital
requirements for prolonged ICP operation and analytical re-
producibility. Typical example of the torchis shown in Fig. 1a,
showing gas flow directions and dimensions of outer quartz
tube. The apperance of the ICP formed inside the torch is
shown in Fig. 1b as an intensely luminous, non-transparent
core with a flamelike, less luminous tail. The core fills the
region inside the coil and usually extends a few millimeters
below and above the coil. The standard and melted torches are
shown in Fig. 1c and 1d respectively.

After perfect removal of the melted torch head, a similar
replacement glass of the same diameter and of the height lost
was cut and neatly joined permanently by flame round the spot
without any leakage (Fig. le).

The glass is made of the same material (quartz). Similar
replacement tube described above was cut, but this time not
joined. Towards the end of this tube was joined a suspended
tube having marginal greater internal diameter and looks like
a cap. This serves to create weight for perfect seating of the
replacement tube (Fig. 1f). The last tube was just placed on the
smoothly cut faulty torch without thermal joining. This has the
advantage of being removed and replaced back, if any further
damage is done.

Evaluation of the analytical performance of the modified
torch. The standard Philips torch and the two modified torches
were optimised to establish the best condition for good analyti-
cal performance by aspirating 0.5ppm of Mnll, Znl, CdI and
CdII (hard line) and 0.5ppm of Cul, FeI and CrlI (soft line) for
each torch. At established optium conditions, the detection
limits were determined for 10 elements and compared the
results.

Results and Discussion

The optimum conditions for the three torches remain the
same as shown in Table 1. The detection limits determined for
the three torches are almost the same as shown in Table 2. The
two modified torches compared favourably well with the
standard Philips torch.

The ammended torch with removable cap has the advan-
tage of easy replacement when there is any melting of the torch
head. It is a question of just replacing the cap only since the
base is not always melted. This approach really solved the
problem of constant replacement of torch which is expensive
and disgusting for ICP analyst.

Conclusion
The performance of a laboratory modified torch has been
compared with a Philips standard torch. The study indicated
thatitis possible to ammend a melted standard Philips torch by

e 18 mm ——

45 mr;\
| [\ | |
55 mm
1
T
L T T. --------- Coolant gas flow
=T
L T T.Lft::f.J.‘.-- Plasma sustaining gas flow
T |H %
1k 4 mm
1
T

Aerosol carrier gas flow

Fig. la. ICP torch showing dimension and gas flow.

L
* )
t

‘

e

—
oy

M=

Ic 1d le If

Fig. 1c-1f. Correction of melted ICP torch.
Ic =Normal ICP torch. 1d = Melted ICP torch. le = Thermally corrected ICP
torch. 1f = Corrected ICP torch with suspended demountable glass cap.
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TABLE 1. PLASMA PARAMETERS FOR OpTIMUM SBR ForR HARD
AND SoOFT LINES FOR NORMAL AND CORRECTED TORCHES.

Element Wavelength Power Carrier gas
nm (KW) flow min
Hard line Mn I 257.61 1.05 0.65
Znl 213.86 1.05 0.65
CdI 228.80 1.05 0.75
Cdll 226.50 1.05 0.65
Soft line Cul 324.75 0.90 0.90
Fel 373.49 0.90 0.90
Crl 357.49 0.90 1.10

Same observation height of 18mm and plasma gas flow of 14.51/min for the
corrected and normal torches.

TABLE 2. CoMPARISON OF DETECTION LimiTs FOrR 10 LINES
UsING NOMRAL AND CORRECTED TORCH AT OPTIMUM
PLAsMA CONDITIONS.

Corrected  Corrected
Element Wavelength Normaltorchl DL pg/1 DL pg/l
(nm) DL (ng/1) torch II torch II
Asl 197.20 540.0 552.0 545.0
Mo II 202.03 54 55 5:5
Znl 213.60 3.0 3.1 33
Mn Il 257.61 0.35 0.36 0.35
Fell 259.94 17.6 7.5 1.7
Crll 264.72 3.5 34 345
Cul 324.75 0.53 0557 - 0.54
Crl 357.49 5.0 5.20 5.50
Fel 373.49 28.2 284 27.95
Mol 379.83 17.9 18.4 18.10

Torch I = Normal ICP torch (type 145). Torch Il = Thermally corrected torch
with fixed glass cap. Torch IIl = Corrected torch with suspended de-
mountable glass cap.

simple device and at the same time give analytical results com-
parable to the new standard Philips torch.

This result really prolong the life span of ICP torch
without any loss in sensiti-vity. It also gives sanity to the user
of the instrument who is always faced with constant loss of
torch and constant delay in analytical work. A ready-made
modified demountable glass cap will solve this problem for
easy continuous analysis.
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