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THE APPLICATION OF CRYOGENICSPECTROSCOPYTO THE DETERMINATION

OF 1MPURIT%CONCENTRATIONIN COAL GASIFIERS*

by

R. F. Holland and G. P. Quigl~y
University of California

Los Alamos National Laboratory
P. 0. BOX 1663

Los Alamos, NM 87545

ABSTRACT

A number of small molecules are soluble at low-tu-moderat(’ (-oncentr,i-

tions in the ir-transparent liquefied rare gases,
l,J

As part oi al} effort

to de~’eljp methods to mcasurr con~entratiorls of minor (onstitut’l!ts in

product gases from coal gasitiers, we tliiVC’ measurc(l th~’ infrared S}~tI(LIo31

OhSOrhaIICP Of SO1UL1OI1S }lr(ld\lCC’d h~ Sam])]lflg Cr~OR(.’lllC~)])’ d fnlXtlJl”(’ tlf

gases nnd dissol~’ing the s:jml)lf’ in li(~uld x(Inun, ot)servdtl(lns tiius f,it

~, co, Cl{A,]n~ludr CL) an(l t{, AS mti,jor (ot]~’.ltueflts dnd SLJ,,, N(I, K){ \ (1,
. . ,;’ L

S(},,, [tnd [:i~$ias mlllor ci~nst ltucllts in tll, mixtur$’,



INTRODUCTION

The use of infrared absorption spectroscopy for determining the

molecular composition cf gas mixtures depends on identifying absorbing

gas species from their spectral pattern alKI determining species concentrations

from the magnitude of their absorbance in the spectrum of the mixture,

AS

so

commonly applied, the ir absorption method is

that analysis for low absorber concentrations

only moderately sensitive,

in a gas may require

long optical paths. In the analysis of comp]ex mixtures, overlapping of

spectral features can confuse identification, and strong absorption by

major constituents of the mixture can mask absorption bands of spccics

prcsclit at lower concentriltions,

A m~}thod which earlier work at !,OS Alamos
1,2 11:1s shown Cnn

effectively improve both the specificity and sensitivity of the ir

tcchniquc i~lvolvcs condcnsinx and dissolving o sample cas in il cryo~cnic

liquid ilnd ohscrving the infrared absorhancc of the cold solution,

Nc will dcscriiw prc’linlinar!’ experiments aimvd ut tcstin[: tlw

i~]~})licallilit)’ of this mcthd to tile illMll)’SiS fur minorit)’ spccics in CO*II

ga~<iflcr l~roduc’t ~ilSCS. NC) cryogcnicallv silmplcd ~iis rnixturcs with S(),

No,, SIo,
.-

Coa, CII,J,
.

in Ii(luid
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EXPERIIWNTA:,PROCEDURE

To simulate a ,slfler proouct gas, a gas mixture was prepared by

combining l-psi partial pressure each of minority species NO, NO~, K20, !dl:j,

S02 , and COS, in that order. To the mixture, we added 83 psi of CH4,

200 psi of CO,, 498 psi of Cu, and 213 psi of H2, for a tGtal pressure of
&

1000 psi, It is understood that combination of the N02 with itself and kitll

NO to produce N2(J4 and N 0, and possitlle other reacti.orl products may occur.
23

However, if this is ignored the mixture would consist of O.1% of EIaCh

minority species, and of 8,3?0 CH4, 201. C02, 49,82 CO, and 21.3~0 H2.

The gas mixture was admitted to a spectral cell (Fig.2 ) at room tenl-

perature and 10,000 torr (193 psi) pressure, The cell was valved off just

abet’e the pas inlet and cooled to -18tJ0C, Most oi the H,,, CO, and CH4 was
.

then pumper! out, reducing the pressure to 135 torr. Thr c(]] has tt~eli

valved off again, warmed to -llO°C, and Xe Ras admitted to (ill t.h;” c(11

with liquid xenon (LXC) to an ol’erpressure of 1688 torr, The liquid ~,js

stirred and the cell was ~’ented tcl reduce thr ovcr]~ressurr to 876 trlyr (11(’,11

the vapor pressurr of t:Ir 1.S(’)), ?hc’

in th, m]ddle infrared (Aoflo-too (o)
-1

?lodvl 180 grating sl~ectromrtrr u]~crat
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RESULTS

Spectra of the LXe solution for two interesting re{ions are shown in

Figs. 4 and5, Figure4 shows the V3 bands of h’2CI and COS, which are easily

distin~uished from the strong C02 absorption and the absorption by residual

CO remdining in solution. Absorption in the tvo minor-species ba~ds is

about that expected for the N,,O and COS present in the dissc,lved gas mixture.
.

By utilizing the same procedure, each could probably be detected at i~ctc,rs

of 0,1 to 0.01 lower concentrations in the simu]aced gasifi~r product gas.

It should he pointed out that while the C02 present in the gas mixture

has been reLaiIled and is disscllved in the xenon sclvent, the CCI, which Kas

half t!ie gas sample, has been reduced to a concentration not very much

greater thar] the minority sprcies, In Lhe gas-phase spectrum (not shoi(rl) of

the original mixtur , both the N,,() and CLX5V3 bands arc strongiy c!.erla]l)~t’,1
.

by the (.0 (0-1) band,

li20A bands irl the \licinity of the v, band of CH,, Like thr C’} tllc CU
* M M

col)ct+ntration h~s been substantially reduced. This fact, dnd the band-

narrowing in solutiorl, prrmits eiisy resolution of th~ mirlc~rity s]}ruies ivA-

tures; whereas in tht= spectrum oi LIIC sanl]lle gas mixture, all would Ilt’

strongly overlapped by the CH4 VA ban~l, Al~sorllarices of tile SOq af]d N,(I
& .

bands arc about as expected i’or thr concentrations presrnt in thr gas s~m~ll(.



h--.

The N204 band appears in Fig. 3, because N02 in the sample gas is ccJrl-

verted to the dimer in the solution. No N02 bands were observed, so presumably

Q of the N02 was converted to N204.

No ?%Is bands nor N(’Ihands were observed in the soluLion spectra, and

tbe N204 concentrations appeared substantially lower than expected for LII!I

N02 present initially in the gas sample. A possible explanation is Lllat a

small amount of H2CI may have been introduced in the gas handlirlg. This

would permit reaction uf N@o, NO, H20, and NH3 to mak~ KH4NCJ2. No speci,j]
&

precautions were takel] to minimize H,)O, since it Kill be present in thr
.

~asifier product. However, it seems unlikely that both NH. and the ac]dJt.3

gases will then be presc’nt,

The results d~’scribed aho~’e demonstrate some of the ad~’~ntages r,f
],~

Cryogenic solutio,l spectroscopy noted in earlier work and described

shot’e. The s]~ectra of a synt!letic mixture clf gases dissolved ill liquid Xi

indicate th~t this apprc)ach may he useful in arlalysls of gasifler produ[t

gases for at least some mlrlclrJty species, A rJUINller of questlorrs and ])i,S$Jtllt’

problems should be mentioned, Among the most crucial problems IS tlIr ellllIIII,i-

tion of water and particulate matter when present in substantial ~uantltl[s,

since they will tend LO p]ug lint’s into a cooled CC1l. The sululIIIIty CI!

minority species in cryogcnir solvents has been mpasured for otIly a vrry !I’\.

solv~’nts and solute materiuls, Most transparent (or parti~l]y tr;ills;’::rrtlt ~

cryogenic liquids arc pc~orer solvents than xenon, Xcnotl :s mod(’rotrly

expensive (about $1/ prr rhargv in our on~-hillf-ini Crll); howvrr, tll~’

xenon may possibly be cleallod and rrcyclrd,

Finally, to reach thp goal of’ part-pel-mllllon srrlsitivity, ]~rotl,]llly

larger amounts uf the gasifirr produrt will havt’ to ho condrn~ed, with ]I,I!!-

sihly better provision for selectiv~ remnvtilof sorerm~jori~y sl~~’(I~Is,
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FIGURE CAPTIONS

Figure 1. , Infrared absorption spectrum of 10CI.3 torr of C02 vapor at 45°C
(rurve I) and that of 2 ppm (in mole ratio) of C02 in liquid )ie
at -llO°C (curve 11). Note that the C02 molecular density in
the liquid solution is one-hundredth that of the gas.

Figure 2. Infrared spectrum (curve 1) of a mixture of CC12F2 (0,3 mm;

features at 917.5 and 886.5 cm-l) and C2H3Cl (2 ppm; features
at 943.0 and 899.0 cm-l) dissolved in liquid air at -188°C,
and spectra of 25°C mixtures of 10 torr of CC1ZF2 and 100 torr
of C2H2C1 (curve II) and 10,6 torr of CC12F2 and 6.8 torr of
C2H3C1 (curve III). Notice &he relative ease with which the
solllte bands are distinguished in the solution spectrum,

l:iguru 3. Cryogrnic spectral CCJ1l. The cell body is coppt=r. The interior (’f
the cell is connected to a gas-h~ndling manifold through the fill
tube, a; liquid nitrogen cclolant is forced throu~h tubes, b, arid
channel, c, in pulses whoso length is determined by a temperature
controller, Spring wasllrrs and screws, d, hold the windws, e, [hrr(.
AgCl) and window clamps. i, in place. Rrsistors, R, are used for
rapid cell warmup, with coolant off or on, to warm the upper part of
the cell when filling to help keep inlet lines ir~e of solill condeils:jtt”t
Copper has been removrd at h to decrease thermal conduction- Tt]rrm!l-
Couples arp attachrd near t~p anrj bottom of tl]e Ct’]] fc,r trm]~er;ltul(’
measurement and control, A maximum tempcraturp diffurcntl~] of
- 200C can be maintained beteecn the top and bottom at -lOUDC. ~ltll
temllcr-ture rrgulated and hraters off, the cell tem]lrrature at th~’

‘°C of that at thr bottom,tc)p is wiLl)in 1-6 Tllr cell is suspend~’{1
from an appro~lriat~ flangr, which fits into a viIcuum j.rrkrt wltlI !:(1

Kirldows , The cq~tical path length througl) the cell is 1.37 cm, and
tllr (r]] volumr is 2,5 cm:,
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Figure ICI. Sp, :tri]l transmittance of a liquid xenon solutlon of gtis fr~:
our S02 supp!!’ bottle, The difference bctwccn the dashed iind

Solld curies is primari]~ due to evolution of NO impurit! frow
the so!ution of the higher temperature. The spectral ccl] h:ts
l/2-inch path length and thiijlium bromide iodide windcws,
Broad features ncnr 129~1 and 13S0 cm-) are “windo~ bands.”
The Se solt’ent contained impurities which produced the ahsc’r;’:],,’,

bands marked kith astcrishs. Some positive-going peaks in tht
baseline arc due to atmospheric absorption in the spcc:romct(’I
reference benm. The spcctr~l slit kidtfi is about 3 cm ‘.

\ igilrl~ Jc’. Solubilit~es of C02, CHZO, CH3@H, and H!i3 in llqu~d krypt:lr)
versus 1/7. Data points are lndlcatcd, The dashed lines
indicat? the concentration corresponding to the total amuunt
of solute used in the experiment,

I lgurL’ 3L’. Transmission of saturat~d solutlons of anthracene and
phenanthrene in l~qu~d xenon at two temp?raturest Optical
path length 2.6 cm, spectral rrsolutlon 1 cm-l,
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