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A Mercury Vapor Generation and Dilution System

ABSTRACT

This report describes a system capable of producing
well-defined test atmospheres of mercury in air or other
diluent gas at concentrations between 0.005 and 0.5 ug/1
and an analytical system for the analysis of these gas
mixtures. Various parameters that affect the generator
and analytical system and their interactions are discussed.
This gas delivery system provides a means of calibration of
the various analytical systems for mercury now in use. The
analytical unit of the system can also be used for the
determination of mercury in industrial atmospheres by
collecting the mercury on a silver wool collector, and
then desorbing it by heat into a flameless atomic
absorption spectrometer.

1 . INTRODUCTION

This report describes a system capable of producing well-
defined test atmospheres containing concentrations of mercury
for the calibration of analytical instruments and evaluation
of analytical methodology. The system developed and described
was designed to produce concentrations in the industrially
important range of 0.005 to 0.5 ug/1 but other concentrations
could be achieved by suitable adjustment of the operational
parameters

.

2 . EXPERIMENTAL

2 . 1 Apparatus

Mercury lends itself readily to the evaporation method
for generating test atmospheres. Basically, this entails
saturating the gas of interest with mercury and diluting the
subsequent test gas to achieve the concentrations desired.

A schematic of the mercury generation system is shown in
Figure 1. Two streams of air pass through silica gel/charcoal
driers and filters to remove impurities. One stream goes
through a differential flow controller (DFC-1) , a regulating
valve (V-2), and a high flow rotameter (FM-1), to the mixing
chamber. This stream is subsequently used as the dilution
air. The other stream flows through a differential flow
controller (DFC-2), an on-off valve (V-3) , a regulating
valve (V-4)

,
through a low flow rotameter (FM-2) and into the



saturation unit. The saturation unit is composed of two
parts; a heater- vapori zer and a condenser. The air stream,
upon passing through the heater- vapori zer unit, becomes
saturated with mercury at a relatively high temperature. It
then passes into a condenser unit where it cools rapidly and
any excess mercury collects on the mercury pool present in
the condenser. The temperature of the condenser determines
the concentration of the mercury-in-air stream. This stream
then passes into the mixing chamber where it is diluted with
the other air stream, and then into a manifold where samples
can be withdrawn. The condenser is connected to a constant-
temperature water-circulating bath, containing anti-freeze
effective to -

5

0 C . The bath maintains temperatures between
0°C and 26°C to at least ±0.1°C.

2 . 2 Analysis

The method used for analysis of the mercury concentrations
was similar to that described by Long, Scott, and Thompson [1]

.

Analyses were made by withdrawing samples from the manifold
at 200 cc/min and collecting the mercury on silver wool. The
mercury was then desorbed by a controlled heating cycle and
measured using a flameless atomic absorption spectrometer.
The spectrometer was calibrated by injecting a known volume
of saturated mercury vapor onto the silver wool, using a "head-
space" technique from standards kept at a very constant and
well known temperature. A block diagram of the mercury genera-
tion and analysis system is shown in Figure 2.

3. PERFORMANCE EVALUATION

3 . 1 Calibrat ion

As stated previously, the mercury generation system was
calibrated by injection of known volumes of saturated air.
A comparison of the atomic absorption signals given by these
standards and samples taken from the generation system is
shown in Figure 3. The non-linearity of the line is due to
the non-linearity of the atomic absorption instrument and not
to the generation system.

3 . 2 Sampling

When samples of mercury are absorbed onto the silver
wool collector and then heated to desorb the mercury for
analysis, recorder traces similar to those shown in Curve A
of Figure 4 are obtained. The peak shape, though not
symmetrical, is very reproducible so that the peak height can
be measured and compared with standards to determine the
amount of mercury in the sample.
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An alternative to collecting the mercury samples on
silver wool and then heating to desorb them would be to

connect the atomic absorption instrument directly to a

sampling port of the generation system and monitor the mercury
output continuously. Curve B of Figure 4 shows the type of
graph obtained. The sensitivity is not as great as in the
first method, but this is not serious, since a mercury concen-
tration of 0.005 ug/1 will still give a recorder deflection.
However, the analyzer must be previously calibrated for this
mode of operation by some other technique.

3 . 3 Response Time

As indicated in Curve B of Figure 4, the response time
in producing a steady-state concentration of mercury vapor
upon going from one concentration to another is about 5

minutes at concentrations not too different from each other,
and about 10 minutes when large concentration changes are made.
The response time is about the same in going from high to
low and from low to high concentrations. It is recommended
that 10 minutes elapse after changing concentrations before
taking samples.

3 . 4 Temperature Effects

Initially, upon comparing the calculated and observed
mercury concentrations from the generation system, a difference
of about 7 percent was noticed, with the output higher than
that calculated. It was determined that the cause of this
discrepancy was a temperature difference between the water
bath-circulator and the condenser. To correct this problem,
the condenser and the water lines were insulated and a copper -

constantan thermocouple was installed at the condenser in
order to accurately measure its temperature. The temperature
difference using the modified arrangement is about 0.3°C at
0.0°C, which will cause results that are 3 percent higher
without a temperature correction. If the temperature is
measured and corrected for, the calculated and observed values
are the same. When the condenser is operated at room tempera-
ture, its temperature may be considered that of the bath.

The optimum condenser temperature for the concentration
range of interest was determined to be 0°C for concentrations
between 0.005 and 0.200 ug/1 and 26°C for concentrations
between 0.100 and 0.500 ug/1.

3



Experiments were also conducted in order to determine
the effect of the heater saturator temperature upon the
generator output. The optimum temperature difference between
saturator and condenser is about 25°C. At higher temperature
differences, complete condensation in the condenser does not
occur and the output is higher than calculated, whereas, at
lower temperature differences, complete saturation is not
achieved and the output is lower than calculated. The
temperature difference should be controlled at 25°C ±5°C
for best results

.

It should be noted that a correction to the volume of
mercury saturated air must be made when there is a difference
between the temperature of the condenser and of room air.

3 . 5 Condenser Design

Figure 5 shows the final condenser design. The condenser
is imbedded in styrofoam and placed in an aluminum box which
is attached to the chassis. The water inlets and outlets are
connected to bulkheads at the rear of the chassis to which
the water bath-circulator is connected. The water lines
are insulated to minimize temperature changes of the flowing
stream. The mercury pool and stainless steel wool that are
placed inside the condenser are to facilitate the condensation
of mercury vapor.

4 . CONCLUSIONS

The system described in this report is capable of pro-
ducing well-defined test atmospheres of mercury vapor in air
and an analytical system is described for the analysis of these
test mixtures and/or the industrial atmospheres under investi-
gation directly. Figure 6 shows the relationship between the
observed and calculated values for the output of the mercury
generation system. As can be seen, the output is theoretical
within the accuracy of the analysis of ±2 percent.
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