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We describe two versions of a high temperature flowing afterglow apparatus. With a stainless steel
flow tube wrapped with heating tape we have obtained data over the range 300—1300 K. In a version
with a ceramic flow tube in a commercial furnace we have obtained data over the range 300—-1600
K. The ceramic version is designed to take data up to 1800 K, but we have encountered
experimental problems at the upper temperature range. The design modifications to a standard
flowing afterglow needed to make measurements at elevated temperatures are described in detail, as
are problems associated with operating at elevated temperatures. Samples of data are given.
© 1996 American Institute of Physid$S0034-67486)01006-4

I. INTRODUCTION the internal energy of the igrihat is raised in ion beam and
The need for understanding the chemical behavior mdr'ft tl_Jbe_experlments. It has b_een_shown that tempe_ra_ture
and kinetic energy often have differing effects on reactivity.

plasmas has spawned the development of techniques f . .
studying ion—molecule reactions at elevated temperaturelg.{/e have studied many systems as functions of both tempera

High temperature ion chemistry occurs in the ionosphere, i u;sioargdek'netslgrﬁgf;rrggsa}zgr;]:;i o?esr(rir\/:ritirfmggaosfegi
combustion situations, in plasma chemical reactors, and iH €9, 9 P

plasmas associated with atmospheric reentry and hypersonffﬁtIVIty .Wh'le k_|net|c energy decreases reactnﬁtp other
flight. In the case of atmospheric reentry, e.g., a plasma maglases, increasing temperature decreases reactivity more ef-
' ' ectively than does kinetic enerdyThus in some cases ki-

envelope the vehicle and interfere with radio communica-

tion. Computer models are used to describe the complicate'aetIC energy gepengences maé/ b? mllslesdlng. |nd|catords fOf
chemistry in these plasma situations, such as reentry, but ggmperature dependences, and clearly there is a need for

models require accurate and meaningful kinetics data in ofM'€aSurements at true temperatures.

der to describe and predict the plasma properties. While there While the klnetllcs of most ion—molecule rheactlﬁns have
is a wealth of ion chemical kinetics data available in thePS€N measured only at room temperature, there has been a

literature, very little covers temperatures above 300 K, angPnsiderable amount of work in studying temperature depen-

such data above 900 K are essentially nonexistent. High tenfl€nces of ion molecule reactions over the range between

4 .
perature kinetics data are often required for modeling plas80—600 K. These temperature dependence studies have

mas at elevated temperatures because extrapolation of lop!oWn interesting features including the important observa-
temperature data is unreliable. tion that rate constants for ion—molecule reactions frequently

One way to circumvent the temperature limitation hasdecrease with increasing temperature, presumably because

been to study reactions at elevated ion energy in drift tupethe lifetime of the reaction complex decreases with collision
and ion beam apparatusesthese techniques have been €N€rgy. _ _
highly successful and produced an abundance of data on 1here have been only two studies outside our laboratory
many systems. However, results from these techniques offé¥here rate constants of |.0n—molecule reactions were mea-
only a guide for predictions on the behavior of reaction rateSuréd above 600 K. The first set of measurements was made
constants and product branching fractions at elevated ten@! the NOAA Aeronomy Laboratory in 1974 using a flowing
peratures because it is the translational endegyg perhaps afterglow apparatus designed to operate over the temperature
range 80—900 R.A total of 9 reactions were studied up to

INRC Senior Research Program. Permanent address: Department of Che900 K. all involving simple systems. On reflecting back on
istry, University of Kansas, Lawrence, KS 66045-0046. these measurements, Ferguson has stated “This was pain-

YAFOSR Summer Faculty Research participant, 1992 and 1993. Permanefilly laborious. The materials problems at 900 K are horren-
address: Department of Physics, University of Puerto Rico, Mayaquez, PRlous, and the measured rate constants at 900 K had much

,20680. . _ larger uncertainties than the room temperature
Under contract to Visidyne, Inc., Burlington, MA. 6 . .

JAFOSR Summer Faculty Research participant, 1995. Permanent addregg].easu_reme_nts' The Seconq experlment_ was carrle.d out at
The Open University of Israel, 16 Klausner St., Ramat Aviv, Tel Aviv, the University of Pittsburgh in a static drift tube designed to
Israel. operate up to 1500 K Measurements were made up to 930

9AFOSR Summer Graduate Student Research participant, 1992 and 199§< on two reactions that had been previously studied by the
DAir Force Geophysics Scholar.

9Under contract to Wentworth Institute, Boston, MA. NOAA group. Measurements were not made above 930 K
MAuthor to whom correspondence should be addressed. due to thermionic emission of alkali ions from the drift tube
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FIG. 1. Schematic of the stainless steel version of the high temperature
flowing afterglow. FIG. 2. Schematic of the ceramic version of the high temperature flowing
afterglow.

walls. For reactions with @ an upper limit of 700 K was
reached due to reaction of,@vith the tantalum walls. Both versions of the instrument are fundamentally stan-
Fontijn has succeeded in building neutral kinetics instru-dard flowing afterglows. A buffer gas, usually helium, enters
ments capable of measurements in the vicinity of 190 K.the flow tube(7.06 i.d., 106 cm longat the upstream end.
Also Knudsen cell mass spectrometers have been operatégh ion source is located as far upstream as practical. Source
over 2000 K¥'° McFadden and colleagues have studiedgas can be added just upstream or downstream of the ion
electron attachment in a flow tube at temperatures up to 808ource. The ions are carried downstream by the buffer and
K although the instrument is designed to study reactions upast an inlet for the reactant neutral. At the downstream end
to 1300 K2 These experiments have encouraged us taf the flow tube the ions are sampled through a truncated
conclude that it is possible to study ion—molecule reactionsiose cone with a sampling orifice 0.2 mm in radius. The ions
above 1000 K. pass through a differentially pumped lens region and enter a
In this article we describe a flowing afterglow system quadrupole mass filter. The ions are detected by a particle
designed to operate at temperatures up to 1800 K. The symultiplier. The bulk of the buffer gas is pumped away by a
tem was built in two stages. The first involved a stainlessRoots pump.
steel flow tube wrapped with heating tape and capable of Reaction rate constants are measured by following the
studying reactivity up to 1300 K. One paper has been pubehange in primary ion signal as a function of added neutral
lished with data from this systefi.More recently we have reactant flow rate. The rate constant is given by
replaced the stainless steel/heating tape system with a ce- .
ramic flow tube mounted in a commercial furnace. At  K=1A[BI*7)* In([AgJ[A7]), 1)
present we have data up to 1600 K and hope to be able tvc\)/herek is the rate constant; is the reaction time[B] is

study reactivity at temperatures of 1800 K in the near fuwre'reactant neutral concentratigiA=] is the primary ion con-
This article will cover the modifications to a conventional 0 P Y

flowing afterglow necessary to make measurements at these niration in the absence of reactant neutral, [sd is the

) rimary ion concentration. The reaction time is the reaction

temperatures and to present some of the first data at tempera- o . -
Istance divided by the buffer velocity multiplied by a cor-

tures up to 1600 K.

rection factor that accounts for the fact that both the ion
velocity and concentration distributions are a maximum
along the axis of the flow tube. A typical value for the cor-
rection factor is 1.6. The measurement of this correction fac-
Flowing afterglows have been used to study ion—tor will be discussed in detail later in the article. The buffer
molecule reactions since the early 19663he technique is  velocity is obtained from the mass flow rate of the buffer, the
well developed and has been thoroughly described in th8ow tube cross section, temperature, and pressure in the nor-
literature. Two reviews are particularly noteworthy, one bymal manner? In all the above aspects the high temperature
Fergusoret al® that describes the principles and mathemat-{flowing afterglow(HTFA) is similar to a conventional flow-
ics involved and one by Graul and Squifethat describes ing afterglow.

Il. EXPERIMENT

the developmental history of the technique. Here we will  While the basic principles of the HTFA are the same as
concentrate on the aspects of the technique pertinent to makny flowing afterglow, the extreme temperatures result in
ing measurements at high temperature. several modifications to normal designs. Besides the obvious

Our first attempt at making measurements at high temneed for a large heat source, the main design problems arise
perature involved a stainless steel flow tube wrapped witlirom the need for gas and electrical feedthroughs into the
heating tapes. We have replaced this system with an aluminzeramic flow tube. In the HTFA, all feedthroughs enter
flow tube and commercial furna¢é These two versions of through a cooled endcajpased on a design by the furnace
the experiment are similar in many aspects and will be demanufacturer’) at the upstream end of the flow tube. Figure
scribed together with the differences noted. They are showB shows a three-dimensional drawing of the endcap with all
schematically in Figs. 1 and 2, respectively. the feedthroughs labeled. All lines attached to the endcap are
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tube terminated in the center of the flow tube. The reaction

distance was adjustable by moving the position of the tube in

the endcap feedthrough.

Two thermocouples inside the flow tube were used to

measure the temperature in the reaction zone. The thermo-
HOSE CLAMP WITH couples were run inside a 1/4 in. o.d. stainless steel tube into
ATTACHMENT ASSEMELY —\which a four-holed alumina insert was placed. The tube
rested along the bottom of the flow tube. The 0.013 cm diam
thermocouple wires exited their housing through holes
GAS FEEDTHROUGH placed 30 cm apart roughly centered in the reaction region.
The wires protruded 2—3 cm along the radius of the flow
tube. The room-temperature end of the four-holed alumina
tube was sealed with vacuum epoxy. Using this setup we
made from flexible stainless steel hose to allow for thermagnd that the two internal temperature readings could be
expansion(1.6 cm at 1200 Kof the flow tube. The heated mgjntained to withi 4 K by manually controlling four vari-
portion of the flow tube starts-10 cm downstream of the aple autotransformers that powered the heating tapes. The
endcap flange. The endcap is water cooled and therefore Copernal temperature readings agreed well with the external
ventional gas and electrical feedthroughs can be used. Thémperature readings. The internal thermocouples also
i.d. of the endcap is the same as that of the flow tube. Thgerved as pulsing electrodes for measuring the ion velocity
o.d. of the endcap flange is larger than the o.d. of the flowang as crude Langmuir probes for measuring the electron or
tube to accommodate screws which pull the flange against g density.
flat Viton gasket at the end of the flow tube. Connection to  The downstream end of the stainless steel flow tube trun-
the ceramic flow tube is made with a stainless steel hosgateq into a thin3 mm) flange welded to the flow tube. The
clamp into which four screw holders are inserted, as showfiange was considerably wider than the flow tube, 38 vs 7 cm
in Fig. 3. Four screws extend from the screw holders to slotg, diameter. The outside of the flange was water cooled and
in the endcap flange and are held there with wingnuts. Thigealed to the vacuum chamber by a Viton O-ring. The thin-
design was used for the stainless steel flow tube as wefess of the flange inhibited heat flow. The weld between this
(rather than a welded fittingas a prototype for the ceramic flange and the flow tube eventually cracked due to repeated

system. The cooled endcap in close proximity to the hot flowjeformation inevitable with the i.d. at 1200 K and the o.d.
tube creates a temperature gradient in the upstream region @&ter cooled.

the flow tube of ~100 K/cm at the highest temperatures
used. We have not experienced problems with this large gray, CERAMIC FLOW TUBE (300—1800 K)
dient although one may expect problems with the ceramic
cracking in the future.

ELECTRIC
FEEDTHROUGH

\VITDN FLAT GASKET
WATER COOLING

FIG. 3. Schematic of the endcap.

In the ceramic flow tube version of the instrument a
commercial furnac¥ is placed inside the vacuum box. The
furnace utilizes silicon carbide heating elements. At present,
an alumina flow tub€7.6 cm o.d., 7 cm i.d.is placed in the

Our first experiments were made with a stainless steetenter of the furnace. Other materials such as mullite or zir-
flow tube wrapped with heating tapes covered with Samoxconia are alternatives which we have not yet tried. The fur-
insulation®® The heating tapes were wired in four zones andnace is made up of two short heating zones at each end and
rated by the manufacturer to 1070 Kdah A of current. We  a long central zone. The temperature is controlled by three
found the current limit more stringent than the temperaturéemperature controllef$ which automatically adjust the
limit if care was taken not to disturb the tapes. Above 1070amount of current needed to maintain a constant temperature.
K the Samox insulation on the heating wire crystallized. LeftThe controllers keep the temperature constant to within 2 K
in place, the tapes could be operated indefinitely. Moving theas measured by thermocouples inserted into the furnace and
tapes caused the crystallized insulation to crack. With thebutting the flow tube. The total power consumption at maxi-
heating tapes alone we could achieve a temperature of oniywum temperature is 13.5 kW. The maximum temperature is
800 K, but the addition of several layers of loosely wrappedrated at 1873 K but the manufacturer recommends a practical
zirconia felt raised the temperature limit to 1300 K. limit of 1800 K to prolong the life of the heating elements.

Pressure was measured by inserting a capped stainle$se furnace weighs 500 Ibs which prohibits its easy move-
steel 1/4 in. o.d. tube at the bottom of the flow tube, with ament. Since removal of the furnace is required for assembly
hole drilled in the 1/4 in. tube perpendicular to the flow. Theand maintainence of the sampling plate and electrodes, we
pressure port was connected to a capacitance manometeannstructed a forklift to move the furnace. This enables the
The connecting tube was large compared to the mean frdens system to be taken apart and reassembled in a matter of
path, and the pressure at the manometer was the same as thatirs.
in the flow tube'® lon source gas entered at either the endcap  The upstream end of the ceramic flow tube utilizes the
or just downstream of the ion source. The latter inlet was @aame endcap as used with the stainless steel version. The
short piece of stainless steel 1/4 in. o.d. tubing. The reactamtownstream end of the furnace bolts to the water-cooled ion
neutral inlet was also a stainless steel 1/4 in. o.d. tube restingampling chamber as shown in Fig. 2. The downstream end
on the bottom of the flow tube and bent so that the end of thef the flow tube protrudes through a hole in a thin stainless

Ill. STAINLESS STEEL FLOW TUBE (300-1300 K)
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steel plate at the end of the furnace by 5 cm, with no vacuum | ; ;¢
seal. Leakage from this area is pumped from the vacuum box

T T T T T 80

—

surrounding the flow tube and furnace by the Roots blower. 1.2 10 P ’:_Tempmm,eon e 17
The inlets and pressure port in the ceramic tube are simi- _ B / Wall Temperature 160

lar in principle to those used in the stainless steel flow tube. £ 1013 150

They are made of ceramic which causes some small engi-g_ \ L/ =

neering problems. For example, the right angle in the reac- § I Y 1% 3

tant inlet cannot be made by bending the tube. Instead, the§ ;£ / ™ 130

inlet consists of three tubes connected by Graphi-Bond, a " / 120

graphite based cement with a maximum operating tempera- .0 1¢? /

ture over 3000 K! The reactant feedline is 1/4 in. o.d. L e 1"
where it passes through the endcap. Inside the flow tube the 2.0 10* ' ' i : * 0
reactant inlet is 1/2 in. 0.d. The downstream end of the 1/2 e 10 2 30 40 50 60

. . . . . Distance (cm)
in. 0.d. tube is sealed and a short piece of 1/4 in. 0.d. tube is

cemented in place to carry the reactant gas to the axis of thgG. 4. Calculated on-axis temperature proflerge dashed line, left axis
flow tube. The Opening of the reactant line on the axis of thélnd temperature errdsmall'da_she.d line, right axisas a function of dis-
. L . . _tance. Also shown as a solid line is the wall temperature.

flow tube defines the beginning of the ion—molecule reaction
region. The ion sampling plate at the downstream end of the
flow tube terminates the reaction region. The current reactioments data acquisition card. A data run at a single tempera-
length is 53 cm. ture can be obtained within a few minutes. Changing the

The ion source for both systems is an electron emittingemperature by about 100 K takes about 15 min, nominally.
filament biased against ground. A grid is placed near th&rue temperature stability is checked by taking several runs
filament. A light baffle(1.9 cm o.d) mounted on the end of at each temperature. Often the first two runs result in slightly
the ion source assembly prevents UV light from the iondifferent rate constants indicating that the flow tube tempera-
source from photoionizing source and/or reactant gases alorigre has not equilibrated. After a settling time of perhaps an
the flow tube. The filament holder, grid, and baffle are sup-additional 15 min the data are quite reproducible. An entire
ported on a rod emerging from the endcap. The source ieemperature run from 300 to 1600 K can be made in 10 h
kept upstream of the heated region. This prevents the cewith rate constants taken every 100 K.
ramic insulators from becoming conducting at high tempera-  The good agreement between external and internal tem-
ture and the filament from being degraded. It also allows us@erature is expected from the entry length equation given by
of some metal components that could not tolerate the highestilbert??
temperatures obtainable in the heated region.

The first surface exposed to the gas upon exiting the L(Z’O):e F(‘ 73&) )
heated interaction region is an electrically insulated sampling ~ Ta—To NpN/R/”
plate attached to the nose cone. The plate is made of molyb-
denum. The plate is screwed to the nose cone and separa
from it by a thin ring-shaped ceramic insulator that also act§

as a seal between the flow tube gypically 1 Torg and the the axis of the flow tube, respectivelil, is the Prandtl

ion lensing chambextypically 10°* Tom). This seal has number andN, is the Reynolds number. The Reynolds num-
cracked at times and has acquired a conducting coating Aor is definec; 23

times. The nose cone is attached to the main chamber by a
metal-to-metal sedji.e., no gasket N, = (2R{u)p)/ u, 3

The nose cone and sampling plate were designed to ] ] )
minimize heat transfer so that the sampling plate stays as h¥fhere (u) is the average velocity of the buffep, is the
as possible; however, we have not measured the plate terﬁ—egs'tyv# is the viscosity. The Prandtl number is defined
perature. Minimizing heat transfer is accomplished by mak#
ing the nose cone as thin as possible while maintaining struc-
tural stability. The ceramic electrical insulation between the
nose plate and the nose cone also acts as an insulator for hedtereC,, is the heat capacity, andis the thermal conduc-
conduction. tivity.

After the nose plate a series of lenses focus the ions into  Figure 4 shows a graph of distance along the flow tube
a separately pumped chamber containing a quadrupole masgs axial temperature of the flow tube for typical conditions
spectrometer and particle multiplier. Both the ion lensingwith the flow tube wall at 1300 K. The calculated values of
chamber and the mass spectrometer chamber are watéd; andN, used are 0.61 and 14.7, respectively. Also shown
cooled because of conduction and radiation of heat from thés the deviation of the axial temperature from the wall tem-
flow tube region of the apparatus. perature in percent. The graph shows that the temperature is

The experiment is computer controlled. The pressureessentially uniform by a distance of approximately 30 cm
temperature, gas flows, and signal intensity are monitored binto the furnace. The reactant neutral inlet is therefore kept
an Apple Macintosh computer equipped with a GW Instru-downstream of this point.

erez is the distance from the upstream end of the heated
egion,T,, T(z,0), andT, are the temperatures at the wall of
he reactor, at positiom on the axis, and at the entrance on

Np=Cp,UJk,
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FIG. 5. Decay plots for the reaction of "Nwith H, at 300, 1073,

and 1400 K. Temperature (K)

A limi h . . d fol FIG. 6. Data for reaction of N with O, from 300 to 1500 K. The NOAA
n error imit on the rate constants Is estimated as 1o “data are taken from Lindinget al. (Ref. 5 Error bars of=10% are shown

lows. The reproducibility of the rate constants is typically for comparison. Quoted error bars are lar¢gze the tejt
<10%. Sources of error include the above reproducibility,
+10%, and measurement of temperatute2%, pressure,
*1%, ion flight time,+5%, an end correction related mainly O~ in the reaction region at high temperature. This particular
to reactant gas mixing=2 cm or +4%), buffer gas flow rate  problem was solved by using G@s a source gas upstream
(relative, =1%, or absolute=2%), and neutral reactant gas of the ion source and adding an electron scavenging gas in
flow rate (relative, =3%, or absolute;~=15%). Propagation the downstream source inlet. Problems such as this show that
of errors leads to a net relative uncertainty?013% and a one must be careful as new temperature regions are explored.
net absolute uncertainty af19%. The reaction rate con- Figure 6 shows a plot of rate constants vs temperature
stants measured with the HTFA apparatus will be given withfor the reaction of N with O,. Also shown are the data
relative and absolute uncertainties ©15% and+25%, re-  taken at high temperature by the NOAA groupery good
spectively, to account for the possibility of systematic errorsagreement is found in this and all reactions that both groups
not treated in the above analysis. have measured. Good agreement is also found between data
taken in the new system and those taken in our selected ion
flow tube at temperatures up to 550°*?>and with the
drift tube work of Cheret al.” We have published one paper
Figure 5 shows a plot of the ion count rate vs reactanbn data taken in the stainless steel flow ttb@hree reac-
neutral concentration for the reaction of Nvith H, at sev-  tions were reported: O with CO, O with NO and
eral temperatures. The effect of diffusion on the ion signalsD; + CH,. In all cases the agreement with previously pub-
is clearly seen in thg axis intercepts, i.e., the signal de- lished data was excellent.
creases dramatically with increasing temperature. The room The above shows that reliable data can be obtained to at
temperature signal is about a factor of 20 larger than thdeast 1600 K with this apparatus. However, we have encoun-
1400 K signal. The plots show good linearity on a semilogtered several problems. One source of concern arises from
plot over a factor of almost 3 orders of magnitude at roompositive alkali ion emission from both the flow tube and
temperature and over one order of magnitude at high temsampling noseplate. With the stainless steel tube experiments
perature. The good linearity indicates that the source condiwe found that most of the thermionic emission of alkali ions
tions are such that production of the primary ion is completeoriginated from the noseplatas determined by shutting off
by the time the neutral gas is added. As with any flowingthe buffer flow and ion source and noting little or no change
afterglow experiment, choosing a source gas and setting tha the alkali ion intensity. The alkali ion problem was a
source conditions to achieve linearity in the data can be thsignificantly worse when a molybdenum nose plate was
most difficult part of the experiment. Nonlinearity was some-used. The dominant ion observed wa$, Klong with some
times found and corrected simply by adjusting the source gaa®, and small amounts of Rband CS. At the highest
flow rate. Most often the nonlinearity resulted from too little temperatures reached thus far, the alkali ion intensity greatly
source gas especially at high temperatures where the floexceeds intensities of the ions under study. So far, we have
velocity is large and therefore a considerable amount ofietected no error in measuring rate constants due to the al-
source gas was needed. One particularly interesting source kélis. No neutrals should react with the alkali cations since
nonlinearity was found in Oreactions. When pO was used the ionization potentials of the alkali atoms are so low. The
as the source gas, nonlinearity became a problem at abomtain problem has been to resolve a moderate gignal (40
1000 K. The source of the problem turned out to be the onsdbaltong from a large K signal(39 and 41 Daltonswith the
of thermal electron attachment tg,® producing a source of mass spectrometer, while maintaining good signal intensity.

V. RESULTS AND DISCUSSION
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Using a thermocouple as a Langmuir probe indicated that thenay partially alleviate the problem. A residual gas analyzer
alkali ion density was less than 4@m™3 at 1200 K. At in the detection region may help to diagnose this problem.
temperatures above 1600 K, the concentrations may become We have a separate selected ion flow t¢88-T) appa-
large enough to cause problems. We are exploring the puratus that operates over the range from 80-550 K. Good
chase of a higher purity flow tube and prolonged baking aggreement in the overlapping temperature range means a
high temperature to reduce the alkali concentrations. combined operating range of 80—1600 K. The good agree-
Diffusive losses of the ions increase substantially withment stems in part from measuring all necessary quantities in
increasing temperature. The diffusion rate in our flowing af-both apparatuses, including the end correction for neutral
terglow Langmuir probe apparatus increases according to @ixing and the velocity correction factor.
T15 dependence at constant pressure between 300 and 550 In addition our SIFT apparatus contains a drift tube so
K.2® Therefore, the ion signal decreases substantially athat kinetic energy dependences can be meagdiat: have
higher temperatures and it is loss of signal that has so fashown that comparing kinetic energy dependences at differ-
limited the upper temperature to about 1600 K in the HTFA.ent temperatures allows one to obtain information on internal
To help reduce this effect we flow more buffer gas at in-energy dependencé$.The higher temperature range now
creasing temperature. The buffer flow at about 1000 K andpossible with the two apparatuses allows us to look for in-
higher is 29 slm, the maximum the buffer gas flow controllerternal energy effects of high frequency vibrations not acces-
will deliver. This is a little more than twice the flow used at sible in our SIFT studies alone. For instance we can excite
room temperaturglt is the expected diffusive losses at high Vibrations of diatomic molecules such ag,®O, and N. In
temperatures that led us to construct a flowing afterglow rethe reaction of O with CH, we have shown that stretching
actor instead of a selected ion flow tube, in which the ionvibrations increase the reactivity while bending vibrations do
concentrations may be orders of magnitude smallerthe  Nnot.
future we plan to try a larger flow rate and other buffers to ~ When the NOAA group designed their flowing afterglow
help reduce the effect of diffusion. to reach 900 K, they stated that “900 K is the practical limit
Our experience with a reactant neutral finger inlet is thafor a flowing afterglow system We have circumvented
the end correction due to neutral mixing is very smallthis limit by building a flowing afterglow apparatus from

(~2%). We have confirmed this by studying reactivity at two Scratch to operate only at room temperature and above. A
distances. No measurable difference was found. much simpler design results from relaxing the constraint that

The ion velocity is different than the bulk helium veloc- the system must also be cooled to operate below room tem-
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