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DIFFUSION COEFFICIENTS OF LEAD-212 CLUSTERS IN ULTRA-HIGH PURITY AIR

Abstrac - The dffusion coefficient of lead-212

clusters were measured in ultra-high purity air at PRINCIPAL INVESTIGAPORS

various relative humidities and pressures. The dif- Y. F. Su

fusion coefficients were 0045 t 0004 and 0037 ± Y. S. Cheng

0.001 cm2lsec at pressures of 82.4 and 01 kPa, re- G. J. Newton

spectively, for a relative humidity range between 3 H. C. Yeh

and 80%.

The diffusion coefficientl of 212Pb clusters in particle-free room air at Albuquerque, New

Mexico, was reported to be 0036 ± 0003 cm2/sec at pressures of 82.4 kPa (ambient pressure at

Albuquerque) and 0029 -i 0002 cm2/sec at 101 kPa (ambient pressure at sea level) when the

relative humidity (RH) was greater than 35%. The diffusion coefficient decreases with decreasing

relative humidity for RH < 30%. A similar tendency was observed by many other investigators. It

is known that the diffusion coefficient may change at different compositions of trace gases in

air.2,3 However, because the contents of reactive trace gases in air vary with location, time,

and other uncontrollable factors, the diffusion coefficient of 212Pb in pure air is needed for a

reference value. We recently measured the diffusion coefficient of 212Pb clusters in ultra-high

purity air, from a gas cylinder, at various relative humidities and pressures. The results will

be used in future studies on the attachment of 22ORn progeny to aerosols.

METHODS

The experimental apparatus and measuring methods used were similar to that described by Su et

al.1 Figure is a schematic diagram of the setup. The diffusion tube was 1 04 m long and 38.1

mm in diameter. A thoron injector, 64 mm 00 and 48 mm ID, was located near the center of the

diffusion tube and 54 mm downstream from the diluting air entrance port. The inside wall of the

tube was lined with a layer of stainless steel foil, 0.05 mm thick, to collect the deposited decay

progeny. This tube was segmented into 11 pieces for easier foil handling.

Diluting air from an ultra-high purity gas cylinder passed through an activated charcoal

filter and a glass fiber filter before it went to a humidifier. This diluting air was used to

develop the parabolic velocity profile and to control humidity. Radon-220 gas was generated from

a 37 x 107 Bq (1 mCi) dry 228Th source.4 Preconditioned ultra-high purity air carried 22ORn

through a filter and into the diffusion tube. Linear velocity of the carrier gas was adjusted to

match the maximum velocity of the diluting air. Measurements were made at pressures of 101 and

82.4 kPa and at a temperature of 295.15 K. Total flow rate was 20 L/min.

Transmission of 212Pb through the tube, S(x), was determined by measuring the decay product

radioactivity that diffused to the tube wall and that penetrated the tube (collected on the

screens and filter). The diffusion coefficient was calculated using a previously described

method.1 Quantitation of the collected 212Pb was by gamma spectrometry using a NaI(TI) detector

and a multi-channel analyzer. Foils, screens, and filters were individually contained in plastic

bags and placed on the gamma detector. The 239 keV gamma photopeak was followed. All gamma

counts were decay corrected to the sample stopping time.
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Fiure 1 . Schematic diagram of the experimental setup used to study diffusion coefficients of

21 Pb clusters.

RESULTS AND DISCUSSION

Figure 2 summarizes results of the study. The diffusion coefficients of 212Pb (ThB) in pure

air were 0045 t 0004 and 0037 -t 0.001 cm2/sec for pressures of 82.4 and 101 kPa, respectively,

for a relative humidity range between 3 and 80%. Compared to our previous results, 0036 0003

and 0029 ± 0002 cm2/sec at similar pressures obtained in the clean, house-compressed air, it is

obvious that 22ORn progeny exhibited a larger diffusion coefficient in the pure air environment

than in the clean, house-compressed air. This confirmed other investigators' observations.2,3

0.06 -

E - Pressure at B2.4 kPa
A A

A A A A A A -A A

Z A

LLJ 0.04

0 _-0-- r, -0 Presstre at 101-kPa--
IL- 0 0
ILL

0
0

Z
0 0.02

LL
LL
0

0 L L L0 20 40 60 80 100

PERCENT OF RELATIVE HUMIDITY

Figure 2 Diffusion coefficients of 212Pb as functions of pressure and relative humidity.
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Our previous results measured in the clean, house-compressed air showed that the diffusion

coefficients of 22ORn progeny increased with relative humidity up to about 30% and remain constant

thereafter. This does not agree with our current observation of a constant diffusion coefficient

at various relative humidities in an ultra-pure air environment. The inconsistency may be

accounted for by radiolytic products of impurities in the air that inhibit the neutralization of

212Pb. Water used in our system had been distilled after purification by a Milli-Q water system

(Millipore Corporation, Bedford, MA). It is unlikely that certain chemicals, such as NO, NO2, S03

and S04 ions, and hydrocarbons, contaminated our water.

Our results of 0037 cm2/sec at sea level ambient pressure was about 12 of the value 0072

cm2/sec for 222Rn progeny, 21BPo) reported by Hopke and his coworkers.2.3 Because 218po is the

immediate decay product of 222Rn, whereas 212Pb is te second decay product of 22ORn, it is

possible that these two species underwent different reactions and formed different cluster sizes.
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