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Abstract:

Nitric oxide has received a great deal of attention as- one of the major air pollutants- with which
environmentalists are concerned. Nitric, oxide is emitted into the atmosphere -where it can then Be
oxidized to NO2 in the presence of sunlight and oxidizing agents. No. commerically acceptable method
for removing NO from exhaust and flue gas has been developed yet.

This research is concerned with the rate of two reactions.

MeS + 4N0 — MeSO4 + 2N2 MeS + 202 -> MeS0O4 The rates of reaction at 300°C, 4000C, 500°C for
these two reactions were determined for ten metal sulfides, The rates of reaction were studied using a
Cahn R-100 continuous recording electrobalance. This device was used to measure the weight of a
sample continuously as it hung suspended from one arm of the balance into the reactor. The rate of
reaction was calculated, from the continuously recorded weight increase. The rate of reaction of NO
with metal sulfides was determined using a gas mixture with a composition of 2.5% NO and 97.5% He.
The rate of reaction of O2 with metal sulfides was determined using a gas mixture with a composition
0f 2.5% 02 and 97.5% He, In general, the reaction of the metal sulfide with oxygen proceeds faster for
all temperatures tested. The reaction rates with NO ranged from 3.38 x 10° grams of FeSO4 formed
per minute per gram of FeS to 2.076 x 10"-4 grams of FeSOIt formed per minute per gram of FeS. The
reaction rates with O2 ranged from 5.9 x 10"-6 grams of ZnSO4 formed per minute per gram of ZnS to
6.48 x 10"-4 grams of PbSO4 formed per minute per gram of > PbS8 The sulfides of Ba, Fe, Sr, Cd,
Pb, Ca, Zn and sulfurated potash -reacted with both the O2 and the NO to form the sulfate.

The relative reaction rates of NO with a given amount of ZnS or SrS at 300°C and a given amount of
BaS, SrS or CdS at 400°C for a given time are greater than the relative rates of reaction of O2 with the
same amount of BaS, SrS or CdS at 4000 and the same amount of ZnS or SrS at 300°C for the same
time.

Cupric sulfide, thallium sulfide, manganese sulfide, and molybdenum disulfide could not be used
because they decompose below- 300°C.

Tungsten disulfide when reacting with NO and 02 produced a net weight lost indicating that
undesirable side reactions were controlling, Sulfurated potash produced the fastest reaction rates with
NO and O2. However, since the composition was unknown, rates of reaction of the solid could not be
calculated.
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ABSTRACT

Nitric oxide has received g great deal of attention as one of the
major air. pollutants with which.environmentalists are concerned.. Nitric.
oxide is emitted into the atmosphere where it can then be oxidized to NO2.
in the presence of. sunlight and oxidizing agents. No.commerically
acceptable method for removing NO from exhaust and fiue gas has been
developed yeu.

This research is concerned with the rate of two reactions,

MeS + MNO » MeSO) + 2N
MeS + 202 - MeSO)
The rates of reaction at 300°C, %00°C, 500°C for these two reactions
were determined for ten metal sulfides, :

The rates of reaction were studied using a Cahn R-100 continuous-
recordlng electrobalance. This device was used to measure the weight of
a sample continuously as it hung suspended from one arm of the balance
into the reactor. The rate of reaction was calculated from the
continuously recorded weight increase., The rate of reaction of NO with
metal sulfides was determined using a gas mixture with a composition of
2,5% NO and 97 5% Heo The rate of reaction of 05 with metal sulfides was
determined using a gas mixture with a compos1tlon of 2.5% O2 and 97.5% He.

In general, the reaction of the metal sulfide with oxygen proceeds
faster for all gemperatures tested. The reaction rates with NO ranged-
from 3038 x 107° grams of FeS0), formed per minute per gram of FeS to 2,076
x 107" grams of FeS0) formed per minute per .gram of FeS. The reaction
rates with Op ranged from 5.9 x 10~6 grams of Znd0) formsd per minute per
gram of ZnS to 6, 48 x 10- grams of PbSO) formed per minute per gram of
hs, :

The sulfides of Ba, Fe, S¢, Cd, Pb, Ca, Zn and sulfurated potash
reacted with both the O and the NO to form the sulfate,

The relative reaction rates of NO with a given amount of ZnS or SrS
at 300°C and a given amount of BaS, SrS or CdS at 400°C for a given time
are greater than the relative rates of reaction of 0o with the same amount
of BaS, SrS or CdS at MOOo and +the seme amount of ZnS. or SrS at 300°C for-
the same time. .

"~ Cupriec sulfide, thallium sulflde manganese sulflde, and molybdenum
disulfide could not he. used hecause they decompose helow 300°C.:

Tungsten disulfide when reacting with NO and 02 produced a net weight
lost indicgting that undesirable side reactions were controlling.,

Sulfurated potash produced the fastest reaction rates with NO and Qn.
However, since the composition was unknown, rates of reaction of the solid
could not be calculated.




INTRODUCTION

The eliﬁination of NO as an ailr pollutant haé heen a major éoneern'
of env1ronmentallsts since .1t was estabhlished in 1952 that NO partlc1pates..
in smog reactlona (Bartok et ala, 1971) NO represents-the two oxldes
of nitrogen, NO(nitric oxide) and NOé(nitxogen dioxiﬂe), The average>
U.S. urban concentration ofenitragén oxides in air is 2025 timés the
natural atmosphéric conditioﬁ:(Hopper and Yaws, i9Th). .On a nationwide
basis about half the NOX comes from stationar&"sgurces and éboﬁt half
from mobile sources {Seience News, 1972).

. Most of these.oxidés are released in the form of NO, _The conditions
for the formation.of these two oxides are'quite different. In high
£emperature combustion processes NO is.almost exclusively formed (Bartok
et al., 1971). However, at the ambient temperature of the atmosphere, the

equilibrium between NOQ, 02 and NO highly favors Naz.

PREVIQUS WQRK

There has been a great deal of work done concerning ogidés of
nitrogeq° The author does not intend to give a comprehensive summary
of all the work done. This is only a sumﬁary-@f some of the‘work4that
seems to offer promise of heing significanf-in:the-contfql of Nox5

Shaw (1973) in .s%udying the reduction of nitrogen oxide émiséions
from a gas turbiné combhustor ﬁy‘fuel modificatidn found that soluble
organo metallic .additives which‘becamé hetérogenéous reduction or dé-
composition catalysts would réduce thé l\TOX émmission byi30%, A number

of other additives were experimented withj; however, the organo metallic
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additives produced the best results. The major drawhack of these addi-

- tives is that it seems to be a case of trading one pollutant for another.

The Bell Lshoratory has developed a mangenese, rare earths, lead on
a ceramic support catalyst. This is mainly for use In agubomobiles. Good

results have been obtained, however, a small amount of NH3 Is produced.

‘In experimenting with this catalyst theilr experience showed that when CO

and hydrocarbon emissions were contrdlled effectively-fhe NO yield in—
creased, And when the NO was controlled effectively the CO and hydro-~
carbon yield increased.(Scientific American, 1973).

A dual bed catalyst system for the simultaneous reduction of SO2 and

NO has been developed by Sood and Kittrell (197h). The reactions:

CO + NO ~ CO, + i/2 N,

200 + S0, -» 2C0

5 + 1/2 82

2

2

CO + 1/2 8, -+: COS
3/2 32 + 200,

2008 + 802 C
are considefed to take ﬁlace in this system, To:gét 90%'removal sioiéhip—
metricmquantities are necesséry and the catalyst bed temperature must be
controlled very carefully.

The reduction of nitric oxidé with various hydrocarhons- as stﬁdied
by Ault and Ayen (1971) has shown that_in'général, én incréasé in carbon
number in thé hydrocarbon.studiedﬂresultéd in a decreasé in the réquiréd»

temperature for a given nitric oxide conversion. TFor.a given carbon

number the required temperature for a given nitric oxide conversion
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decreased with. degree of saturation. Thé catalyst used was a harium
promoted copper chromité catalyst. |

Good résults~w§re obtained by~ré&ucing nitric oiiéé'using a.c0ppér
- nickel catal&st: Tﬁé'resplts:indicéted that théicatalyst-actiyiiy~uas-
dependent on the'coppér—nické; ratio. In général, activity:increasgs"
with inéreasing coppér con%énto Activation of the ecatalyst in CO at
500°C led to the opposite trend In activity; that is activity increased
with an inérease in nickel content.(Bauerle et al,, March, 197h4).

Ammonia has Eeén the only reductant purported to show true select-
ivity for the heterogeneous reduction of nitric oxide fo nitrogen in %hé -
' presence of excess oxygen. A study by Bauerle et al.{December, 197L)
indicabes that the catalytic reduction of NO with NHB on Pt in a simulated
plant exhaust is not strictly selective in the sense that.tﬁe NH3—O
reaction has liﬁtle appreciable effect on NO reduction., Nitrous oxide
(N20) is a major reaction product.and is produced by the reduction of
both NO and O2 with NHB,

Regenerative sorption of nitric oxide has been found to work good .
for small concentrations of NO (Gidaspow and Onischak, 1973). The NO ié
sorbed with FeSOho

FeSOlL + NO FeS0),-N0
This reaction can be reversed with. hest. Thé ﬁain dravhack is that thé-

flue gas and exhgust gases must be cooled Below. 100°C.

A fluidized bed of catalyst to catalytically reduce nitric oxide




. )
has been studied. Using a platium silica alumnia catalyst a conversion
efficiency of over 99% was obtained. This was using a.stream of .pure NC

(Dieteven et al.: 1973).

BEDUCTTON WITH METAL SULFIDES

Tt was shown by White (1973) initially that metal .s'ulfidés will '

- reduce ‘nit.ric oxic%t.ea- Completé r‘educti.on was attaiméclﬁ over a tempera;cuz‘e
range of 40Q°C to 8Q0°C, White also successfully lowe-rea the tempera-—
ture for the reduction of nitric oxide by the addition of various chemio
cals, the temperatﬁre ra,ng'e was from 100°C to 550°C. It was also

shown that NO would be reduced In the presence of Q,.and that the '
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presence of water vapor did not appear to deter the reduction of l\TOk.
Whit;e also determined that in the reduction of NO with calcium sulfide
the solid product was 80 weight pér cent calecium sulfate.

Erickson (1974) determined that the best support material for CaS
was Harshaw 1602 . 1/8 iﬁch pelle.ts. He also tested N¥alco 2910-B 1/8
inch, Alcoa T-71 1/4 inch and Linde TM~0-111k pellets. The Harshaw 1602
gave good reduction of NO without forming any HQS or 3027 |

In testing NiS as a reducing agent Erickson fowmd that 'SO.QMas _
produced along with the reduction of NO, In working with contaminants .
in the NO gas stream it was found by Erickson that H.:zo produced small
amounts of HES_ and decréas:éd thé réducti‘on o.f NO, -Thé presence of Hé

seemed to Increase the reductions of NO by CaS .but caused the formgtion

of HZS' Natural gas also produced H2S but did not seem to effect the’




reduction of CaS. He also found that 0, and CO2 diﬂ.ﬁot effect the réf
duction of CaS, h
| McIntyre.(lQTH) in sfudying the réaction'

ces(s) + hmo(e) » cas0y(s) + 2w (g)
found that th§ global rates for thé réduction-of.GaS‘on'ﬁigh_alumina-
Harshaw pellets incréaséd from .25 x lOﬁA at 390°C to L5 x ].OmllL moles
of CaSOh formed per hour Pex gram of pellet at h93?C. Linde molecular
Sievés éaVe‘greater‘average rates. Rates varied between .32 :@lO“LF
and .64 % lO“k moles CaS0) formed per hour per gram of peilet.for three
temperatures-betweén 392° and 438°C. McIntyre also determined that at
440°C and with -a flo% rate ranging from .12 std. cm? per second to 3.8
std, cm3 per second.external film diffusion was not impor%ént for the
reaction using Harshaw pellefs. it was also.shown by McIntyre that
the rate of reaction of CaS with O2 is greater than &he réﬁequ reactioﬁ
of CaS with NO. |

This work is closely_related.to the Worﬁ of ¥White and McIntyre,>

The general reactlons to be studied are: ‘

MeS(s) + MNO(g) » MeSO,(s) + 2 (g) -

‘MeS(s) + 202(_g).‘ ~ MeS0, (s) |

As can be seen for every mole of MeSOh formed the aolid ﬁill incréasé in
weight by 64 grams., Therefore, by continually welghing the solid; the’
rate of reaction Witﬁ_timg can be determined.

White has summarized In Table T the enthalpy and free energy of
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reactions for these yarious sulfides with NO. McIntyre has glso shoun

that at least one .sulfide (CaS) reacts yery rapidly with oxygen. . Since

2

of reactions of these two compounds with the varfouws sulfides, This will’

0, and NO gre commonly found together It is desirahle to know the rates

help determine If a metal sulfide can be profitably used to remove NO

from flue and exhaust gases.




Table I

Free Erergy Changes and Heats of Reactlon for

the Reduction of NO employing Mebal Sulfides (White, 1973)

General Reactizn: .

MeS + LNQ ——t eSO, + 2N

2

' Héat

;.‘ ”"211-3 s 8

Free Energy Change (Kcal/mole) of Reaction
_ {Keal/mole)
Metal Sulfide 298°  500°K  1000°K  1500°K .298°K
Calcium sulfide . ~28La&: =26l6 -215,.7 -166.8 ~313.5
Cadmium sulfide - 24503 22603 17943 -132.3 . ~273.3
Cobalt sulfide 2229.)  =209.5  =160.2  =110.9 ~258.8
Cupric sulfide =220,5 199,86  ~l47.7  =95.8 ~251./;
Cuprous sulfide’ 2547 =235.2  =187.0  -138.8 -283.4
Lead sulfide w2615 -241,0  ~190.1  =139.2 29,8
:Molybdenum sulfide | ~208.7 %19002 i wlhho5- T =98.8 - =-235.9
Mercuric sulfide - | ~209.9 . =190.9 ;lh3,9 «96.9 ,' «237.9
Silver sulfide -220.5  =200,9  ~152.5  =lOh.L ~249.3
Tin sulfide ~220.7 =200 ~152.0  ~103.0 | ~24949
Zine sulfide ~224.9  -178.0  ~13L.1 ~271.8




OBJECTIVES

The ohjective of this research is to determine and compare the

reaction rates of the formation of metal sulfates'from NO and O

various metal sulfides.

2
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APPARATUS
Figﬁre lis a schématic aiagram of thé apparatus: used to.study the
reactions.l The'balancé.méchgpigm is a Cahn'RQIQQ continuous reéordipg
leiectrdbalancé; This device is uséd to méasumé-tﬂé'ﬁéighf of a.saﬁple‘*
continuously as it héngs.suspéhaéa from.bné armlofhthﬁ‘baiéncéiin the
' reactor; The R~100. electrobalance has & 100 gram_éapacity-for.égmplej--
weight and cohtainérc Tare capacity*is lQngramé'mechanically and 50
milligram with the coarsé zero. The electrobalance ﬁés.three electrical
welght suppression ranges-capable of elgcﬁronical&y’ﬁaring as ;ittle as
10 microgfams or as'mﬁdh as.lQ graméo
The readability of the electrobalance'is.OS{ﬁicpograms and itihas
six weight ranges: 10 grams, 1 gram, 100 milligrams, 1 ﬁilligram.ana 100
micrograms. full éﬁaft_scalé, An autamatic rénge expander aytomatical_l;y-.~
.'brings the chart pen baék to zero up to ten times:vhen‘a Weiéht qhénée‘
© . takes. the Weighf outside of the recorder Weighf rangé. The précision of:
the instrument is E lC_)-‘3 of'the meter and récorder'rangg aﬁd '_F-lem6 of -
) load-an@ the accufacy iz £ 5x iO_h'of mass suppressiog range -for absolute
weighings. The maximum weight change is'loigrams inerease or- decreaseo\
The system shown in Figure 1 normélly_opefates With.fee@'gas'pass~-,
ing through a rotometer.and entering the bottom of'tﬁe‘reactor. ’Exﬁéust K
~ gases 1eaye just'aboyé'the reactor and gre &ented to hocd, A hélium
line is .run inté ﬁhg glass bell houging the balanéé mééhanism to kééﬁ
the béll‘pqrged of exhaust éasés,v During.startﬁp fﬁé;valve arrangement

makes it possible to paés hellum through the reactor as well as over
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Balance Mechanism

1
Exhaust W~ Tare Pan
to -
Hood //’
= I
Sampling H |
Septum 3‘ ~]
il I'-'; < Hotameter

D Inlet

Furnace —7 lo |
I

Reactor /’C’/f

|
|

— ——— — — —

:
Rotameter — | K f"
§ Feed
-2+— Inlet

Figure 1. Flow diagram of apparatus for

measuring rate of reduction of NO
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~ the bélance mechanism,

The reactor is enclosed in a Lindberg 5&33l'hinged tubé furnace
during normal opefation° It can be removed to allow access to the
reactor tube before and after a run. It is conﬁrolled by é Teéo
TC-~1000 proportibnal temperature controller (nof-shown)°

" The reactor cross-section is shown in Figure 2. The powdered
sulfide rests on a 3%um diameter circular stainless steel pan BUS—
pended by a .lmm nickel wire from the balance arm., The reactér is
a 5Tmm diameter, 8h0mﬁ long Flothru Vycor,'SjT5/50, tube with a ground
glass joint at the bottom and a ground glass ball joint at the toép

Attached to the bottom joiﬁt of the reactor is a glass connectof,
and in this connector is mounted a porous glass plate., Two thermo-~
couples are cemented with epoxy into a hole in the side of the glass
connector an@ extend up the Vycor tube to a point jvSt below the support..
pan. One thermocouple wire is attached to a proportional con%roller
and thg”other is attached to a bemperature recor@er° The tube ié filled
with 40 mesh Ottawa sand to preheat the feed gas. The gas is fed into
the bottom of the reactor, passes over the powdered sulfide gna is—ei;

hausted out the top.




Su55§n31on~\\£r\\‘ﬂb Exhaust
ey Outlet

T

Vycor
e b e
/\.
Powdered . S ] "“iﬁmia
Sulfide ’)’1?A= Thermocouples
W/\M/?A
Support Preeg i Uaglie

Pan

f;__:;f-Ottawa Sand

Porous Glass
Plate

Feed
Inlet

Figure 2. Reactor cross-section




PROCEDURE-

For meaguring the rate of reaction for a particular sulfide, the
powdered sulfide was placed on the weighing pan of’tﬁe‘Cahn electro—
balance, Eight fenths of a gram of the powdered sulfide was used fér
each run and the powdered sulfide was evenly distributed over the
weighing pan. After the weighing pan had been plaée& in the reaetor,
fhe reactor was heated to the operating temperature. A stream of pure
helium was passed through the purge line in the bell and another stream
of pure helium was passed through the reactor wvhile heabing the reactor
and wntil né further weight chanée was recorded.

Next, in measuring the rate of reaction with NO, a 2.5% NO, 97;5%

He mixture was fed into the reactor at an approximate rate.of 2125 std.
cms'per second, The upstream pressure was 15 psig. Tﬁé reaction was
then allowed to proceed for at least one hour or uﬁtil,it was possible
to determine the rate of reaction from the recorded wéight increase,

This procedure was used for runs at 300°, 400° and 560°C, In'détermiﬁiﬂg
tﬁe rate of reaction of the sulfide With.oxygen,.é 2.5% 02, 97.5% He
mixture.ﬁas fed at a rate of gpproximately 02125 std. cm3 pefisecond into

the reactor. The upstream pressure was 15 psig. This procedure was also

repeated for temperatures of 300°, L00° and 500°C.




. RESULTS AND DISCUSSION _'

Figure 3 shows an example of a typical run. The section marked
"a" represents the time during which thé'furnace is heated and pure -
He is fed through the reactor. This was continued until the equipment
settled down and a horizontal line was recordédé Then the reéétion
mixture was ‘fed through the reactor. This is sectiom "d" in Figure 3.
This weight increase represents the formation of the metal sulfate.

The reaction would eventually slow and stop. This is section "¢, The
time for this was different for the'different sulfiﬁés andlwas not
investigated, The rate.of reaction that was calculated was Trom section
"' and was the initial rate of reaction., This was determiﬁe&-ﬁy the
welght change in the first hour of reaction or soocner if possible,

The sulfides used either came in a powdéred form or were powdefed
hefore using., No attempt was made to make the particle size of the
different sulfides the same, The primary concern of this.investigati'on
was not to compare the reaction rates of the different sulfides, but
to compare the relative rates of each sulfide With_nitric oxide and 02.

Tﬁble IT is a summary of the reaction rates determined in this
research, In thisvtable thé units ‘are mg of metal sulfate formed per
minute per mg of metal sulfide inifiaily on the Weighiné pan. The
negative signs denote competing reactions which.aré-proceeding faster
than the desired oxidation resulting in a loss of weight instead of a

gain in weight. This indicates that some unknown reaction is taking

place. The "d" represents temperatures: at which the metal sulfide




WEIGHT OF SAMPLE (mg)

Rfeaction mixture is fed through reactor

TIME (minutes)

FIGURE 3. A sample recording from the Cahn R-100

continuously recording electrobalance
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TABLE II. Reaction Rates of NO and 0,
with Various Metal Sulfides

6 grams of MeSO), formed
Rate x 10 minutes Initlal grams oi MeS

300°C koo°c 500°C
Sulrides wo . Oy NO 0, NO 0,
| BaS - 0. 00 18,60 2k, 00 32,60~ 874.00
FeS - | _° 3.38 85,00 207.60 ° k428,00
ZnS L4.80 '5.90 0,00 1k,00 - 'ofoo-- ‘25016-
Srs 7.92 7.65 9.81  18.70 - 13,20 | 27.70
CusS a a - a - a d d
cas 3.98 15.50 1k, 70 o 22.80 - 9.79. 116.00
Cu 8 | 0.00 37.00
PbS 1h.80 50,30 20950' 191.00 | 9.18 648,00
WS, 0.00 - - - - -
Mos,, 0;00 - a - a a- a
gg%gsuﬁated + + + + d a
SRIHFEE 4 a a a a a
CaS - 0,00 5.58 - 1T.ko 10.90 86.50
MnS a d d a a a
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decomposeé, fherefore, no fgaction rate was determineci° The positive
(+)'sign in TableVII represenfs the facf that there was a weight gain.
However, the exact composition of the sulfide Waé unknown -and the rate
of reaction could not be determined., Table IT shows that the metal
sulfidés reacted faster with oxygen in evéry case except one., Al BOOdC
sﬁrontium sulfide reacted slightly faster With.nitric oxide than_&ith
OXygen., Ffom the data presented in Table IT.it can be seen tﬁat BéS,
Fa3, Sr3, CdS,.PbS, CaS and sulfurated potash all react ﬂoth'with
oxygen and nitric oxide, The SrS rates for oxggenland nitric 9xiie
are nearly the séme for the various temperatures éi Whiéﬁ.data'was
taken. The rates of reaction listed in Table IT also increase with
temperature with few exceptions. At 300°C most of the rates are fairly
small, but at 400°C and 500°C théy increase signifiecantly,

MnS, thallium sulfide, CuS and MoS decbmposed at temperatures

2
guch that no rates of reaction could be deterﬁiﬁed, The fact that
. they were decomposing was indicated by the electrobalance, The electro-
balance would continuously show a loss of weight when the reactor and _
the bell were being purged by a pure stream of héliumi

For cuprous suifide rates of reaction ﬁith nitric oxide and okygen
were not determined at 300°C and 400°C due to the.lack ofla sufficient
amounts of the chemical, At 500°C cuprous sulfide does not react with

NO, but it does react with oxygen, Zinc sulfide also does not react

with NO at 400°C and 500°C, but does react with 0,-
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It should be noted £hat the rate of reaction +to form PBSOh from
PbS and NO is slower at 500°C than at 400°C. This may be caused by a
Acompeting side reaction. A competing sidé reaction may also be the
reasén that at 300°C the reaction of FeS with 02 and.NO showed a.weight
loss where at temperatﬁres greater than hOO°C~£he_sulfa£e prodﬁcing
reaction seemed to inecrease tb such a.ﬁoint-that'a.féirly rapid weight
gein was recorded.

Hegative weight gains or no welght gains are seen Tor several of i
the sulfides at 300°C. This,seems to.be the temperature at which side
reactions dominate or at which no reaction takes place, |

In the case of sulfurafed potasﬂ the reaction was very fast as
indicated by 'a very rapid weight gain; The exact chemical composition
of the sulfurated potagh_iSLnot-kncwn g0 it was impossible to_célculate
rates of reaction, Table III gives a summary of the weight gained or -
lost per unit time for all the sulfides tested. Tabie ITI shows that.
the greatest increase in welght with time'wag recorded for the sulfurasted.
potasﬁtand 0, at 300°C. The run reacting sulfurated potash wifh NO at
500°C was not repeated with oxygen becausg after the run with NO at
500°C a loss is the weight of the weighing pan of about .3 grams led to
the conclusion that some type of reaction with the'stainlesé_steel pan
was taking place,

i The fact that in general metal sulfides react faster with oxygen

than with nitric oxide may be slightly misleading. Since the objective
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TABLE ITI. A Summary of the Weight Gained or Lost

for the Various Sulfides Reacting with NO and O‘2

3 grams of weight changed

RATE x 10 NN AT
300°C hoooc 500°¢C
Sulfides NO o NO 0. o 0
BaS ~2,08 0 . 4,09 5.3 7.22 182,00
Fad ~2,27 -20,80 1.172 27.58 70,9 14k, 00
Zns 1,50 L7 0 k.53 0 797
SrS 2,22 2,15 2,73 5.29 . 3,68 7,81
CusS a d a T a | a
cas - .98 3.80 3.62 5050 2,43 27.6
Cu,S ' "0 8.07
PbS 2,53 8.26 3.52 31.70 1.5 108,00
'wsg 0 ~3.08  -8,33 222,90 ~6.5L ~25.,20
MoS,, 0 a ',_ o a
Sulfurated ' '
otant 38,8 185,00 79.8 88.70  127.00
" Thallium
Suifide d d | d
CaS - =oko 0 2,08 6.50 3.85 32,40

MnS d d ‘ d
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of studying these reactions is to remove the NO from the‘atmesphere,
If we loek.at the'amount of NO removed compered to the amdhnt'ef oxygen
removed e find that for every mole of Me‘SOLL formed from MeS aﬁd NO
four moles of NO are required ., When O2 reacts only‘tWD moles’are
:requirede This says that even though the oxygen mey react faster more
nltrlc.ox1de maybe consumed rn3p1te of its rate 01 reactlon w1th.the
solid being slower,

From Table IV it can be seen that at OO°C the' relative rave of
reaction'ef NO with a given amount of ZnS or SrS in a given time is.
greater than the relative reaction rate of O;'_ Also at hOO°C the
relatlve rate of reaction of NO with a glven amount of BaS, SrS or'CdS
in a given time is greater than the relative rate of reaction of 02. .

To check the reproducrblllty of the results recorded in Tables -
1T, IIT, and IV, three 1ndependent determinations of the reactlon
rate of CaS with oxygen Were.made at 500°C, . Theseﬂrates were determined
to be -000087, .0000865, and ,000081 grams ceSou_ formed per mimute per .

~ gram 6f CaS. This indicates that the results of this researeh are

‘reproducible to within- about 6.9%.
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TABLE IV The Relative Rates at which NO and O

2
React with the Various Sulfides-
7 moles of NO reécted or. ﬁoles of O» reacted
RATE x 10 minute Initial gramg of Meo minute Injtial grams of Meo
300°C . hoo°c - --500°¢C
NO .. 0, NO Q, NO 0,
Bag - 0 3,19 2,06 5,50  Th.90
FeS - - .89 11.20 - 54,80 - 56.4%0
ZnS 1.19 .13 0 1.73 0 3.11
8rS 1,73 .83 2,14 . 2.0k 2.88 3.02
cas .76 1.h49 2,82 2,19 1.88 11,10
- 0. -3.32
CuES ' ' 3 3
PbS 1.95 3.32 2,70 -~ 12,60 1,21 k2,70

Cas - Q 1Q6h 2,56 3.20 - ' 5;71




CONCLUSIONS

~ The reaction

MeS + 20 - MeSO, , %
(s) 2(g) 7 T u(s)
proceeds faster than the reaction

MeS(S) + kmo(g) - Mesoh(s) + 2N2(g)

at 300°c, hod°c, 500°C.
anBwﬂﬁﬁ,Sﬁ,c&,Pw,ca3@dsmﬁmawigmaham'
reacted with NO or 02 an increése in weight is observed indicating--
that the sulfate is formed.

trontium sulfide reacfs with NO and O2 ét rractically the same'
rate at the temperatures 300°C, k00°c, and 50000;
When the rate of reaction could be determined it increased with
température is almost every case. .The exceptions bgiﬁg 7nS + -
NOQ, CdS + NO and PbS + KNO. This indicates that side reactions

Wwere probably occuring.

Cupric sulfide, thallium sulfide, manganess sulfide éhd

molybdenum disulfide should not be considerad in processes which -

“involve temperatures greater than 300°C Beca@se they decompose .

below 300°C.
Tungsten disulfide should not be considered further, When

tungsten disulfide is reacted with NO or O, a weight loss is

2

recorded. This indicates that competing side reactions far exceed .

the desired reaction,
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Sulfurated potash reacts the fastest of all the suifides tested
with NO and Oéo | |
At 3Q0°C the relative rate of NO reacting With:a éiyen:amount of
ZnS or SrS in a given time was greater than the relative reactioﬁ
rate 6f oxygen reacting with the same amount of Zns or Sr8 for
the.same time, |
At L00°C the relative rabte of NO reacting with a given amount of_-
BaS, Sr5, or CdS in a given time was greater than the relative
reaction rate of oxygeﬁ reacting with the same amount of BaS,_SrS,

or CdS for the same time.




RECOMMENDATTONS

Although.there has been quitg a bit of work doﬁe recentiy
concerning the.reduction of nitric oxide with‘ﬁetal sulfides:ﬁhére are
sfi;l some areas in which continued investigation‘wouid he Dbenefical.

Zadick (}97;) ;howéd that CaSOlLL could be regenerated almost
completely énd qyite egonomically‘to CaS., The economics and whether or i
not BaSOh, ZnSOh, SrSOhgand CéSOh can be regeneréted to theifjrespéctive
éulfides should be studied.

| Sulfurated potash.réa@ts very rapldly with WG and O2 and should be

gtudied more. The composition of the sulfurated potash should bé detgr«
mined, Unless the composition is known the rate of the reaction-cannof |
be determined. | |

A detailed study should be made of thg“sulfides'of_pbtassium and
how they react with NO and 0. | ' |

If the regeneration of BaSOu,.SrSOM, ZnSOh.and CdSOh ;s econpmical;
the use of support materials with these sulfides should be's;cudiedo

More work should be done in developing a catalyst which would
incre;ée the rate of reaction of the metal sulfides with NO, and which
would reduce the rate of reaction of the metal sulfides with oxygen,

No attempt was made to determine the effECt of the concentrations-

of the NO and O, in the reaction mixtures on fhe reaction rate, This

2 .
ghould be studied to better understand the feasibility of using metal

sulfides to eliminate nitric oxide from the atmosphere.
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