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Abstract:
NO and NO2, termed NOx, constitute the second largest atmospheric pollutant behind SO2. Most of
the NOx is emitted in the form of NO, which can then be oxidized to NO2 in the atmosphere in the
presence of sunlight and oxidizing agents. NOx has been linked directly to the production of smog. So
far, no satisfactory method of combating NO from either mobile or stationary sources has been found.

Past studies of using metal sulfides to reduce NO showed that CaS gave the best results.

This research covered three different areas: 1) the testing of sup- port materials for use as carriers of
CaS for the reduction of NO, 2) the testing of NiS as a possible reducing agent for the reduction of NO,
and 3) the testing of effects of the presence of 'contaminants' on the reduction of NO by CaS.

The results of the support materials tests showed that Harshaw 1602 1/8 inch pellets of alumina and
silica gave good reduction of NO without forming any undesirable products such as H2S or SO2. Nalco
2910-B 1/8 inch pellets of mostly alumina gave good reduction of NO, but caused the formation of
some H2S. Alcoa T-7l 1/4 inch to 8 mesh tabular alumina gave very poor reduction of NO, but no H2S
or SO2 was formed. Linde TM-0-1114 1/8 inch molecular sieves, which are synthetic crystalline metal
alumino-silicates with Na as the metal in this case, gave good reduction of NO, but it caused the
formation of SO2.

The NiS gave good reduction of NO but large amounts of SO2 were formed during the reduction of
NO by NiS.

The results of the 'contaminants' tests showed the presence of H2O seemed to increase the amount of
N2O formed, decrease the amount of NO reduced during the reaction, and cause the formation of small
amounts of H2S. The presence of H2 seemed to enhance the reduction of NO along with causing large
amounts of H2S to be formed. The presence of O2 and CO2 didn't seem to effect the reduction of NO
or cause any H2S of SO2 to be formed. The presence of natural gas, with a composition of 91% CH4,
6% C2H6, and 3% C3H8, caused the formation of significant amounts of H2S but didn't seem to effect
the reduction of NO by CaS. The presence of n-hexane seemed to enhance the reduction of NO but
didn't cause any H2S or SO2 to be formed. The presence of acetylene, C2H2, caused the formation of
large amounts of H2S, but the effect of the presence of acetylene on the reduction of NO by CaS
couldn't be determined. The presence of CO seemed to cause the production of H2S when H2O was
also present. The effect of CO on the reduction of NO couldn't be determined. 
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ABSTRACT

NO and"NOg, termed NOx , constitute the second largest atmospheric 
pollutant behind SO2 . Most of the NOx is emitted in the form of NO, 
which can then be oxidized to NO2 in the atmosphere in the presence of 
sunlight and oxidizing agents. NOx has been linked directly to the pro
duction of smog. So far, no satisfactory method of combating NO from 
either mobile or stationary sources has been found.

Past studies of using metal sulfides to reduce NO showed that CaS 
gave the best results.

This research covered three different areas: I) the testing of sup
port materials for use as carriers of CaS for the reduction of NO, 2) the 
testing of NiS as a possible reducing agent for the reduction of NO, and 
3) the testing of effects of the presence of 1 contaminants1 on the reduc
tion of NO by CaS.

The results of the support materials tests showed that Harshaw 1602 
1/8 inch pellets of alumina and silica gave good reduction of NO without 
forming any undesirable products such as H2S or SO2 . Nalco 2910-B 1/8 
inch pellets of mostly alumina gave good reduction of NO, but caused the 
formation of some HgS. Alcoa T-fl 1/4 inch to 8 mesh tabular alumina 
gave very poor reduction of 'NO,- but no HgS or SO2 was formed. Linde TM- 
0-1114 1/8 inch molecular sieves, which are synthetic crystalline metal 
alumino-silicates with Na as the metal in this case, gave good reduction 
of NO, but it caused the formation of SO2 .

The NiS gave good reduction of NO but large' amounts of SO2 were 
formed during the reduction of NO by NiS.

The results of the 1 contaminants1 tests showed the presence of HpO 
seemed to increase the amount of N2O formed, decrease the amount of NO 
reduced during the reaction, and cause the formation of small amounts of 
H2S . The presence of H2 seemed to enhance the reduction of NO along with 
causing large amounts of H2S to be formed. The presence of O2 and CO2 
didn't seem to effect the reduction of NO or cause any H2S of SO2 to be 
formed. The presence of natural gas, with a composition of 91/ CH^, 6/ 
C2H5, and 3/ C-zHg, caused the formation of significant amounts of H2S 
but didn't seem to effect the reduction of NO by CaS. The- presence of 
n-hexane seemed to enhance the reduction of NO but didn't cause any H2S 
or SO2 to'be formed. The presence of acetylene, C2H2 , caused the forma
tion of large amounts of H2S , but the effect of the presence of acetylene 
on the reduction of NO by CaS couldn't be determined. The presence of 
CO seemed to cause the production of H2S when H2O was also present. The 
effect of CO on the reduction of NO couldn't be determined.



INTRODUCTION

In the United. States in 1968, 16 million tons of NO^, calculated 

as NO2 were emitted.  ̂ NOx is the term given to the combination of NO 

and NOg. NO and NOg can be easily interconverted in the atmosphere ■ 

from one to the other with their ratio changing with the time of the 

day, depending on changes in sunlight, oxygen, and other oxidizing and

reducing agents present. In 1952, NOx was linked to the production of
3smog.y

NOg is a reddish, toxic, irritating gas, while NO is a colorless, 

toxic, irritating gas. Nearly all of the NOx is released initially as 

NO, which is metastable at ambient conditions. Being metastable means 

that NO can be oxidized to NOg with enough time and energy.^

The chemistry of NOx is quite complicated because both NO and NOg 

can act as both oxidizing and reducing agents. The interconversion of 

NO and NO2 depends on kinetics and not on chemical equilibrium.^

The techniques now employed for reducing NOx emissions include mod

ification and redesign of combustion equipment, use of low excess air 

during combustion, two stage combustion, flue gas recirculation, and
pwater or steam injection. Flue gas treatment processes include cata

lytic decomposition of NOx , catalytic reduction of NOx , physical sepa

ration of NOx from the other components of the flue gas, and adsorption 

of NOx by solids and liquids.^
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Previous Work

Ault and Ayen studied the catalytic reduction of NO by using var

ious hydrocarbons and a barium promoted copper chromite catalyst with 

good results. They found that temperatures of about 350 C and higher 

were needed for good conversions of NO. They also had some problems 

with the catalyst becoming deactivated by COg and HgO. The catalyst 

was restored to its original activity by heating it in the presence of 

Hg. I

Other studies have shown that excess Og is detrimental to the re

duction of NO. These studies showed that supported precious metals and 

supported copper oxides or copper chromite were the best catalysts.5

Ammonia was shown to be selective for the reduction of NO. This 

reaction is also enhanced by the presence of Og.5

White made a study of the use of metal sulfides for the reduction 

of NO. His research was favorable and indicated that CaS was one of 

the best reducing agents tested because of its relatively good reacti

vity and low cost.^

Zadick studied the possibility of reducing CaSO^ catalytically 

to CaS. His research was favorable, indicating the possibility of re

generating CaS from CaSOij. produced during the reduction of NO by CaS

to produce Ng and CaSO^. Regeneration of the,reactant CaS would reduce
4the operating costs of a commercial process using this method.
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Another possible(aspect for the use of CaS for the reduction of

NO was shown by George Pederson, who studied the removal of SOg from

flue gases with a water slurry of CaS. His process showed favorable

results for the conversion of the SO^ to HgS which is much easier to
4

remove from flue gases.

Reduction with Calcium Sulfide

This research is closely related to the work done by White in 1972 

and 1973. White tested various metal sulfides as possible reducing 

agents for the reaction:

metal sulfide + NO = metal .sulfate + N2

White found that CaS was one of the best reducing agents for the reduc

tion of NO to Ng.^

Based on the positive results obtained by White with the use of 

CaS as a reducing agent.for the reduction of NO to N2 , the possibility 

of regenerating the CaS reactant from the spent reactant, and the pos

sibility of employing a single system to control both NO and SO2 emis

sions, further research was justified in the study of the use of CaS

for the reduction of NO.



OBJECTIVES

The primary objective of this research was the determination of any 

detrimental effects that the presence of 'contaminants' such as O2 , H2 , 

H2O , CO, COg, n-hexane, acetylene, and natural gas with a composition of 

91$ CH^, 6$ CgH^, and f̂o C^Hg would have on the reduction of NO by CaS. 

Two secondary objectives of this research were: I) finding a material

that could be used as a catalytic support for carrying CaS during the 

reduction of NO and 2) determining if NiS would be a suitable reducing 

agent for the reduction of NO.



APPARATUS

A schematic diagram of the apparatus used in the testing of the 

various support materials is shown in Figure I. Feed gases from high 

pressure cylinders were passed through pressure regulators and then 

through the rotameter where the flow rate to the reactor was regulated. 

The feed stream was then passed into the preheating section of the reac 

tor from below. The heated gases were then passed into the reaction 

chamber to be contacted with the impregnated support material there. 

After passing out of the reaction chamber, the reacted gases went into 

the gas cooling section. After the gas cooling unit, the gases went 

past a sampling port and into a water scrubber and then were vented 

to a fume hood. Samples were taken from a point just before the pre

heater and just after the gas cooling unit. The sampling ports were 

silicone rubber septurns installed in the feed and effluent lines. All 

of the samples were taken with a 0.5 cc gas-tight-, syringe.
A detailed cross-sectional diagram of the reactor and preheating 

chamber in shown in Figure 2. The reactor was made from a piece of 

1-1/4 inch schedule 40 stainless steel pipe, 18 inches long. The bot

tom 12 inches were packed with stainless steel rings and was used as 

the preheating chamber. The upper 6 inches was separated from the pre

heating section by a porous stainless steel disc and served as the reac 

tor chamber. Another porous stainless steel disc was mounted to the 

top of the reactor to prevent the loss of any solids from the reactor 

chamber with the gas stream. A thermowell was mounted axially in the
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Figure I. Schematic diagram of apparatus used for testing support materials.
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system to provide temperature monitors at three positions; the top, 

the middle, and the bottom of the reactor chamber as shown in Figure

2 .

A bronze cylinder wrapped with three nichrome wire heating elements 

connected to three variable voltage controllers served as the heat source 

for the reactor. Because of the large cylinder of bronze used in the 

system, the reactor could be kept at the desired reaction temperatures 

with little or no fluctuation for long periods of time.

The reactor system was modified for use with unsupported solid 

reactants in powder form, see Figure 3■ A 3/8*inch stainless steel 

coupler was made into a reactor chamber that would sit on top of the 

old reactor chamber. This new reactor chamber was made to facilitate 

the recovery'of powdered solid reactants from the reactor chamber. . . 

A porous stainless steel"disc forced into the lower part of the coup

ler served to support the powdered solid reactants during reaction.

A thermowell inserted into the new reactor chamber from the top was 

made so it came within 1/8 inch of the porous stainless steel disc that 

supported the reactants during reaction. The old reactor chamber and 

preheating chamber were used as a preheater for the new reactor chamber. 

The thermowell of the old reactor was left intact to monitor the temper

ature of the preheated gases entering the new reactor chamber. The new 

reactor chamber was wrapped in glass wool, and then a nichrome heating 

element was wrapped over the glass wool. More glass wool was wrapped
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Figure 3. Cross section of modified reactor used to test 
NiS and effects of 'contaminants.1
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over the heating element. The entire system was then covered with a 

sheet metal shield. The heating element was connected to a fourth var

iable voltage controller.

Figure 4 shows a schematic diagram of the modified apparatus used 

for the determination of effects of 1 contaminants1 on the reduction 

of NO by CaS. The changes made in the system include the addition of 

another rotameter and gas feed system, a liquid feed system which makes 

use of the saturation of the feed stream bubbled through the liquid, 

and the new reactor chamber. The rest of the system was unchanged.

The two gas chromatographs used for the analyses of the gas sam

ples are described in the Appendix.
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PROCEDURE

For testing support materials, a weighed amount of the support 

material was put into the muffle oven at 400 C for 24 hours in order 

to drive off all of the adsorbed gases and HgO. The heat treated sup

port material was then put into a desiccator to cool. The cooled mat

erial was weighed and covered with a prepared aqueous solution of cal

cium nitrate made to a concentration such that the finished product 

would be about 5f° by weight CaS impregnated on the support material.

The support materials were soaked in the solutions for 24 hours, after 

which the excess solution was drained off. The soaked support material 

was put into the muffle oven at 400 C for 24 hours to drive off the H2O 

and to convert the Ca(NO^)2 to CaO. The support material impregnated 

with CaO was then charged to the reactor and reacted with 20% H2S in 

Qof0 Hg at 400 C for 24 hours to convert the CaO to CaS. The reactor 

was allowed to cool with He purging the system. The support material 

was again weighed to determine the CaS content. The support material 

was then ready for testing in the reduction of NO to Mg.

A weighed amount of the CaS impregnated support material was put 
into the reactor chamber and heated to the desired reaction tempera

ture while the system was purged with He gas. When the reactor reached 

the desired temperature, the He purge stream was shut off and the feed 

stream of 2.5% NO in SrJ-^fo He was turned on. The effluent stream was 

analyzed for NO, N2 , NgO, HgS', HgO, and SOg by using the two gas .chro-r
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matographs that are described in the Appendix. The amounts of NO.,

N , NgO, HgS, HgO, and SO^ in the effluent stream were calculated by 

determining the areas under the separate peaks and making a balance 

on the amounts of NO, Ng, and NgO with respect to the amount of He.

Any changes in the type and amounts of products were also noted. Af-. 

ter the reaction had proceeded for an appropriate length of time, the 

heaters and 2.5$ NO in 97•5$ He feed stream were shut off and the He 

purge stream was turned on. When the reactor had cooled to room tem

perature , the reactant was removed and weighed.

In the runs where the reactant was the pure powdered NiS or CaS, 

the reactant was weighed and placed into the reactor chamber. Then 

the heaters and the purge stream of He were turned on and the reactor 

was brought to the proper reaction temperature. The purge stream was - 

shut off and the proper feed stream or streams were turned on and the 

reaction.allowed to proceed. The effluent stream was sampled period

ically and the samples were analyzed for the different components which 

included NO, N2 , N2O, H2S , H2O, and SO2 along with any extra feed com

ponents besides the NO. The reactor was shut down after enough data 

had been collected, and the reactant was allowed to cool to room tem

perature while the system was purged with He gas. The reacted NiS or 

CaS was removed from the reactor and weighed. The runs with H2O and 

n-hexane were made by saturating the feed stream of 2.5$ NO in 97•5$

He with H2O or n-hexane vapor by bubbling the feed stream through a
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flask containing the liquid kept at appropriate temperatures. 

vapor laden feed stream was then run into the reactor.

The



RESULTS

I. SUPPORT MATERIAL TESTS

Table I in the Appendix gives some of the properties of the sup

port materials used in these tests.

A. First Run with CaS on Linde TM-0-1114

The reactor was charged with 17-53 grams of Linde TM-0-1114 1/8 

inch pellets impregnated with 4.6/ CaS by weight„ The feed stream to 

the reactor consisted of 2.5/ NO in 97-5/ He at a flow rate of about 

1.0 standard liters per hour-. The reactor temperature varied from 

590 C to 400 C. White showed that this temperature range gave good 

reduction of NO. by CaS.̂  The length of the run was 10 days.

The data is shown in Figures 5 and 6 with the effluent stream com

positions plotted versus time. The data showed good consistency.

Figure 5 shows all of the data obtained for the first 42 hours 

of the run. No SOp was observed in the effluent stream until about 

6 hours of the run had elapsed, indicating that the SO2 might be for

med from the sulfite or. sulfate of Ca or Na. Na was present in the 

crystalline structure of the Linde TM-0-1114 support material. White 

showed that the reduction of NO by Na2S caused the formation of SO2 . 

Although Linde TM-0-1114 is a very good adsorbent at lower temperatures, 

the high temperatures found in the reactor would probably prevent the 

Linde TM-0-1114 from adsorbing much if any SO2 .

Figure 6 shows the entire run with the data from every 6 hours 

averaged and plotted versus time. The SO2 curve went from zero at the
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Figure 5* First 42 hours of first run with CaS on Linde TM-0-1114.



Ef
fl

ue
nt

 S
tr

ea
m 

Co
mp

os
it

io
n 

(#
)

/

N - -N --N  h

V V V

120 160 
Run Time (Hours)

Figure 6. Entire first run with CaS on Linde TM-0-1114.
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first 6 hours up to about 0„6l% of the effluent stream.at the end of 

the run. The SOg data formed a smooth curve over the entire range of 

the run.

No NO was observed in the effluent stream until 144 hours of the 

run had elapsed, where the break through occurred. The amount of NO 

in the effluent stream increased with time from then until the end of 

the run where the effluent stream contained about 0.16$ NO. The NO 

data formed a smooth curve over the entire range of the run.

The amount of Ng in the effluent stream varied inversely with the 

amount of unreacted NO in the effluent stream. No HgS was observed 

during the run. Negligible amounts of NgO were observed during the 

run.

The reacted Linde TM-O-1114 impregnated with CaS weighed 17.78 grams 

after the run for a weight gain of 0.25 grams. The large amount of SO 

emitted during the run was probably partially or wholly caused by the 

Na in the crystal structure being sulfided to NagS. The Linde TM-0-1114 

impregnated with CaS turned a grayish black color after the run as com

pared to an orange color before the run.
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The reactor was charged with 17-53 grams of Linde TM-0-1114 1/8 

inch pellets impregnated with 4.6$ CaS by weight. The feed stream to 

the reactor consisted of 2.5$ NO in 97-5$ He at a flow rate of about 

6.25 standard liters per hour. The reactor temperature was varied from 

230 C to 400 C . The length of the run was 29 hours„

Figure rJ shows the data from this run, which was somewhat scatter

ed but showed definite trends in the effluent stream compositions ac

cording to the reactor temperature. The effluent stream compositions 

were averaged according to the reactor temperatures and plotted versus 

the reactor temperatures.

At temperatures below 520 C,' the effluent stream contained about 

0.62$ unreacted NO. At temperatures above 320 C, the amount of unreac

ted NO in the effluent stream fell off sharply with increasing temper- 

autre. NgO made up about 0.08$ of the effluent stream at 320 C and 

then fell off linearly with,increasing temperatures until it reached 

a concentration of 0.03$ of the effluent stream at 390 C. No NgO was 

observed in the effluent stream at 400 C. No SOg was observed in the 

effluent stream until the reactor reached 280 C, and then the amount 

of SOp increased with increasing temperatures to a maximum, of 0.42$ 

of the effluent stream at 360 C. Above 360 C, the amount of SOp in 

the effluent stream decreased with increasing temperatures until it 

was 0.16$ of the effluent stream at 400 C. No HgS was observed in the

B. Second Run with CaS on Linde TM-O-1114
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Figure rJ. Second run with CaS on Linde TM-0-1114.



effluent stream during the run.

The reacted Linde TM-O-1114 impregnated with CaS weighed 17.49 

grams after the run for a weight loss of 0.04 grams. This weight loss 

was probably caused by the loss of sulfur as SOg. The production of 

SOg was probably caused by the presence of Na in the structure of the 

Linde TM-0-1114 support material. The reacted Linde TM-O-1114 turned 

a grayish black color after the run as compared to an orange color be

21

fore the run.
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The reactor was charged with 10.00 grams of Alcoa T-71 support 

material containing 4.12$ CaS by weight. The feed stream to the reac

tor consisted of 2.5$ NO in 97°5$ He. The flow rate to the reactor 

was varied from 0.1 to 6.5 standard liters per hour, with the flow rate 

being varied randomly with respect to time. The reactor temperature 

was maintained at 400 C during the run. The run lasted 10 days.

The data from this run was very scattered as shown in Figure 8.

The effluent stream compositions were averaged at each flow rate and 

plotted versus the flow rates. The effluent stream composition aver

aged over the entire run was 1.27$ unreduced NO, 0.59$ N2 , 0.02$ N2O, 
and 0.05$ H^O. No SO2 or H2S was observed in the effluent stream dur

ing the run.

The reacted Alcoa T-71 impregnated with CaS weighed 10.02 grams 

after the run for a weight gain of 0.02 grams. This indicated that 

not much of the CaS had been oxidized to CaSO1̂ .

C. Run with CaS on Alcoa T-71



Ef
fl

ue
nt

 S
tr

ea
m 

Co
mp

os
it

io
n 

{%
)

2.0 3.0 4.0 5
Flow Rate (Standard Liters Per Hour)

Figure 8. Run with CaS on Alcoa T-?!.
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The reactor was charged with 10.00 grams of Nalco 2910-B support 

material containing 5.17$ CaS by weight. The feed stream to the reac

tor consisted of 2.5% NO in 97*5$ He at a flow rate of about I.5 stan

dard liters per hour. The reactor temperature was varied from 320 C 

to 410 C . The length of the run was 48 hours.

The data from this run was quite consistent as shown in Figure 

9. The NO appeared to be completely reduced over the entire temper

ature range used. No SOg or HgO was observed in the effluent stream. 

The amount of HgB in the effluent stream went from 0.03% at 320 C up 

to a maximum of 0,49% at 340 C and then dropped down to 0.03% at 390 

C . No HgS was observed in the effluent stream at 400 C . Negligible 

amounts of NgO were observed in the effluent stream during the run.

The reacted Nalco 2910-B impregnated with CaS weighed 10.00 grams 

after the run for no weight change. The loss of sulfur as HgS probably 

balanced out any weight, gains from the conversion of CaS to CaSO^ dur

ing the run. The HgS either came from a reaction involving Hg in some 

form such as HgO with the CaS, or it might have been adsorbed by the 

Nalco 2910-B and was driven off by the high temperatures of the reac

tor. The Nalco 2910-B was treated with HgS to convert CaO impregnated 

on it to CaS, forming HgO in the process.

D. Run, with CaS on Nalco 2910-B



Ef
fl

ue
nt

 S
tr

ea
m 

Co
mp

os
it

io
n 

{%
)

2. O'

1.6

1.2

0.8

O.lr

0. Ct—
280

N-N2
GJ-NpO
V-H2S

U n ----- N-N —N

300 320 340 360
Reactor Temperature (0C)

420

Figure 9. Run with CaS on Nalco 2910-B.
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The reactor was charged with 5•00 grams of Harshaw 1602 support 

material containing 3.78$ CaS by weight. The feed stream to the reac

tor consisted of 2.5# NO in 97•5# He at a flow rate of about I.5 stan

dard liters per hour. The reactor temperature was maintained at 400 

C for the entire run. The run lasted for 30 hours.

The data from this run was very consistent with the effluent stream 

containing an average of 1.25# N2 , 0.13# H2O, and the rest He. Negli

gible amounts of NgO were observed during the run. No H2S or SO2 was 

observed in the effluent stream during the run. All of the NO was re

duced during the run.

The reacted Harshaw 1602 impregnated with CaS weighed 5.05 grams 

after the., run for a weight gain of 0.05 grams. No color change was 

noted after the run in the impregnated Harshaw 1602. Assuming all of 

the weight gain was from converting CaS to CaSO^, about 30# of the CaS 

was converted to CaSO^ during this short run.

E. Run with CaS on Harshaw 1602
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II. NICKEL SULFIDE TEST

This test was made in two parts, the first part used a feed 

stream of 2-5$ NO in 9 7 -5/° He, and the second part used a feed stream 

of 2.9% NO in 97>9% He that had been saturated with HgO by bubbling 

it through an' HgO bath kept at temperatures ranging from 65 C to 

8l C . The reactor temperature was varied from $0 C to 460 C . The 

length of the run was 13 days.

The NiS used for this run was made by heating 18.40 grams of 

Ni(NO^)-SHgO in the muffle oven at 400 C for 24 hours. This, pro-. 

duced 4.76 grams of NiO. The NiO was then charged to the reactor • 

and reacted with 20% HgS in 80$ Hg at 400 C for 24 hours. This 

produced 4.96 grams of NiS which was used in the run.

The reactor was charged with 4 .96 grams of NiS before the run. 

The same charge of NiS was used.for both parts of the run. The 

first part of the run was made with reactor temperatures ranging 

from 90 C to 460 C . The effluent compositions were averaged at 

the reactor temperatures used and plotted versus the reactor tem

peratures- on Figure 10. Figure 10 shows the data from both parts 

of the run. The amount of unreduced NO in the effluent stream was 

1.07# at 90 C . This fell off with increasing temperatures to zero 

at 360 0. The amount of NgO went from 0.03$ of the effluent stream 

at 90 C to a maximum of 0.39$ at 230 C and then back down to about 

0.03$ at 400 C . Negligible amounts of SOg were formed at a reac-



Ef
fl

ue
nt

 S
tr

ea
m 

Co
mp

os
it

io
n 

(%
)

1.8 -

V -SO
1.6 -

1.0 .

210" ' 2 4 0 2 T 0 3 0 0 5  
Reactor Temperature (0C)
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tor temperature of 280 C , and the amount of SOg in the effluent 

stream increased with the reactor temperature to O.J>3% of the ef

fluent stream at 460 C.

The second part of the run was made with a feed stream con

sisting of about 1.88$ NO, 25$ HgO, and 7).12$ He at 65 C. The 

HgO in the feed stream seemed to increase the amount of SOg in the 

effluent stream, with 0.28$ SOg in the effluent stream without HgO 

in the feed stream and a reactor temperature of 460 C, and 0.64$ 

SOg in the effluent stream with HgO in the feed stream and a reac

tor temperature of 460 0. The reduction of NO wasn't effected by 

the presence of HgO at 4$0 C and 460 C, with complete reduction 

of NO by the NiS at these temperatures. The amount of NgO in the 

effluent stream at 4$0 C increased from 0.04$ without HgO in the 

feed stream to 0.43$ with HgO in the feed stream.

The reacted NiS weighed 5.48 grams after the run for a weight 

gain of 0.52 grams. This weight gain corresponded to an 11.79$ 

conversion of CaS to CaSOn without taking the loss of sulfur as 
SOg into account. The weight loss from SOg production probably 
was quite considerable.

29
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III. TESTS CONCERNING THE EFFECTS OF 'CONTAMINANTS'

A. First Run with CaS, NO, and H^O

The reactor was charged with 2.00 grams of CaS before the run.

The feed stream to the reactor consisted of Z.^% NO in 9 7 He that 

had been saturated with HgO vapor by bubbling the stream of NO and He 

through an HgO bath kept at temperatures that ranged from 25 C to 90 C. 
The flow rate was maintained at about I.5 standard liters per hour.

The actual feed stream composition was about 3.2$ H2O, 2.42$ NO, and 

94.38$ He at an HgO temperature of 25 C, and about 60$ HgO, 1$ NO, and 

39$ He at an HgO temperature of 90 C . The reactor temperature was var

ied from 270 C to 400 C . The length of the run was 29 hours.

The data from this run was fairly consistent as shown by Figure 

11. No "NO was observed in the effluent stream at 270 C , but at 320 C 

the amount of unreduced NO in the effluent stream had risen to a max

imum of 0.27$. At temperatures above 320 C, the amount of unreduced 

NO in the effluent stream decreased with increasing temperatures until 

it reached zero at 360 C .

At 270 C , 0.15$ of the effluent stream was NgO. The amount of 

NgO in the effluent stream increased with increasing temperatures un

til it reached a maximum of 0,30$ at 320 C. The amount of NgO in the 

effluent stream then decreased with increasing temperatures until it 

reached a concentration of 0.02$ at 400 C .

HgS was observed in the effluent stream during the run. It was
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Figure 11. First run with CaS, NO, and H2O.
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about 0.05% of the effluent stream at ZrJO C , and then it tapered off 

with increasing temperatures to 0.02$ of the effluent stream at 400 C .

SOp was observed in the effluent stream at temperatures above 360 

C . The amount of SOg in the effluent stream seemed to increase exponen

tially with increasing temperatures. The production of SOg during the 

run was probably caused by contamination of the porous stainless steel 

disc used to support the CaS. This disc was used during the run with 

NiS, and then it was cleaned according to the manufacturerJs instruc

tions. The disc was washed in"a solution of HNO^ and then neutralized 

in a solution of NaOH. The presence of either Na or Ni could have caus

ed the production of SOg.

The relative amount of HgO in the feed stream didn't seem to ef

fect the concentrations of NO, NgO,'HgS, or SO observed in the efflu

ent stream. The presence of HgO did seem to decrease the reduction 

of NO by CaS in the temperature range from ZrJO C to 360 C . It also 

seemed to increase the relative amount of N2O in the effluent stream.

The presence of H2O also seemed to cause small amounts of HgS to be 

formed. The reactor temperature seemed to be the most important fac

tor in the determination of the composition of the effluent stream.

The reacted CaS weighed I.87 grams for a weight loss of 0.13 grams. 

This weight loss was probably due to the loss of sulfur as SO2 and H2S 

during the run along with unrecovered CaS being left in the reactor.
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This run was made in two parts, the first part was made without 

HgO in- the feed stream while the second part was made with HgO in the 

feed stream. The reactor was charged with 1.00 grams of CaS before 

the run. The same charge of CaS was used for both parts of the run.

The feed stream to the reactor for the first part of the run con

sisted of 2.5$ NO in 97-5$ He at a flow rate of about I.5 standard li

ters per hour. The second part of the run was made with a feed stream 

consisting of 7 .7^ HgO, 2 .31$ NO, and 89.99% He after bubbling a stream 

of 2.5% NO in 97.5% He through an HgO bath kept at 4I C. The flow rate 

was about 1.5 standard liters per hour for the second part. The entire 

run had a temperature range from 390 C to 425 C . The run lasted for 

70 hours.

The data from this run was somewhat scattered, but the general 

trends were apparent. The first part of the run had an average efflu

ent stream composition -of 0.05% unreduced NO, 0.05% NgO, and I.18% Ng 

at 390 C ; no NO, 0.07% N2O j and 1.18% N2 at 400 C; 0.04% unreduced NO, 

0.12% NgO, and 1.11% Ng at 420 C; and no NO, 0.02% NgO, and 1.23% Ng 

at 425 0. The second part of the run had an average effluent stream 

composition of 0.12% unreduced NO, 0.09% N2O , and 1.10% N2 at 390 C ; 

and 0.24% unreduced NO, 0.08% N2O, and 1.04% N2 at 410 C. The presence 

of H O  during the reduction of NO by CaS seemed to lower the reduction 

of NO somewhat. The amount of NgO in the effluent stream seemed to

B. Second Run with CaS, NO, and HgO
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remain about the same for feed streams with and without H^O. No SO2 

or HgS was observed in the effluent stream during the run.

The reacted CaS was a dark gray color after the run. This color 

change was probably caused by the dark oily liquid residue left in the 

reactor after the run with acetylene. The reacted CaS weighed 0.94 

grams for a weight loss of 0.06 grams. This weight loss was probably 

caused by unrecovered CaS being left in the reactor.



The feed stream to the reactor consisted of about 50% H2, 1.25$ 

NO, and 48-75$ He at a flow rate of about 3.0 standard liters per hour. 

The reactor temperature was varied from 85 C to 150 C. The length of 

the run was 23■5 hours.

Complete reduction of the NO was observed at all reaction temper

atures. Negligible amounts of N2O were observed at 85 C and 100 C , 

with no NgO observed in the effluent stream at 140 C and above. Dilu

tion of the effluent stream by the excess H^ might have caused this 
data to appear better than it actually was. The data is plotted in

• 35
C. Run with NO and without CaS

Figure 12'.
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The feed stream to the reactor consisted of about Hg, 1.25$ NO, 
and 48.75$ He at a flow rate of about 3.0 standard liters per hour.

The reactor temperature was maintained at 230 C for the entire run.

The length of the run was 20 hours.

The average effluent stream composition at 230 C was 0.28$ unre- 

duced NO, 0.05$ NgO, 0.8l$ Ng, 0.14$ H-S, 7-87$ HgO, and 11.55$ Hg.
The HgS and NgO were observed in the effluent stream only periodical

ly. The highest concentration of HgS observed in the effluent stream 

was 0.96$, while the highest concentration of NgO observed in the ef
fluent stream was 0.27$. No SO was observed in the effluent stream 

during the run.

The reacted CaS weighed 0.92 grams for a weight loss 0.02 grams 

after the run. The. color of the reacted CaS remained the same as it 

was before the run. The weight loss was probably caused by the loss 

of sulfur as'HgS along with unrecovered CaS being left in the reactor.

D. First Run with CaS, NO, and Hg
The reactor was charged with 0.94 grams of CaS before the run.
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The feed stream to the reactor consisted of about ^Of0 H2 , 1.25$ NO, 

and 48.75$ He at a flow rate of about 3.0 standard liters per hour.

The reactor temperature was varied from 100 C to 210 C. The length 

of the run was 25 hours.

Figure 13 shows the effluent stream compositions plotted versus

the reactor temperatures. The amount of NO and N2 in the effluent

stream was plotted versus the reactor temperatures for this run. The

cold column apparatus wasn't working very well during the run, so only

one data point.from the cold column was taken that was considered as

representative of the ratio of N2 to NO at 210 C.

The amount of NgO in the effluent stream decreased linearly with

increasing temperatures from a concentration of 0.07$ at 100 C to zero

at 210 C. The amount of H^O in the effluent stream went up to about

6$ of "the effluent stream at 150 C and then leveled off there. The

amount of HgS in the effluent stream started at about 0.07$ at 100 C

and then increased with increasing temperatures to a maximum of about

1.39$ of the effluent stream at 170 C. At temperatures above 170 C,

the amount of H S  in the effluent stream decreased with increasing tern 2
peratures to a concentration of zero at 190 C. No NO was observed in 

the effluent stream at. 210 C. No SO2 was observed in the effluent

E= Second Run with CaS, NO, and H2
The reactor was charged with 1.00 grams of CaS before the run.

stream during this run.
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Figure I). Second run with CaS, NO, and .



The reacted CaS weighed 0.97 grams after the run for a weight loss 

of 0.0) grams. The color of the CaS didn't change during the run.

The weight loss was probably caused by the loss of sulfur as HLpS along 

with unrecovered CaS being left in the reactor.

40
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The feed stream to the reactor consisted of about ^>0% natural gas', 

1.25# NO, and 48.75# He at a flow rate of about 5.0 standard liters 

per hour. The natural gas had a composition of $1# CH4 , 6# CgH^, and 

3# C^Hg. The temperature ranged from 390 C to 400 C . The .length of 

the run was 48 hours.

The NO was completely reduced at all reactor temperatures used.

At 390 C , without natural gas in the feed stream, 0.04# of the efflu

ent stream was NgO. At 390 C, with natural gas in the feed stream,

no N^O was observed in the effluent stream. Dilution of the effluent 2
stream by excess natural gas might have caused the disappearance of

(
NgO from the effluent stream.

. No HgS was observed in the effluent stream without natural gas 

in the feed stream. At 390 C, with natural gas in the feed stream, 

O.58# of the effluent stream was HgS. At 400 C, with natural gas in 

the feed stream, 0.69# of the effluent stream was H2-S. The effluent 

stream averaged 0.16# HgO during the run. Some of this HgO might have 

been in the reactor or CaS as-a residue before the natural gas was in

troduced into the reactor.

The reacted CaS was darkened after the run to a light gray color. 

The discoloration was probably caused by carbon lay-down from the nat

ural gas during the run. The reacted CaS weighed 0.94 grams after the

F. Run with-CaS, NO, and Natural Gas
The reactor was charged with 1.00 grams of CaS before the run.



42

run for a weight loss of 0.06 grams. This weight loss was probably 

caused by the loss of sulfur as H^S along with unrecovered CaS being

left in the reactor.
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The feed stream to the reactor consisted of about n-hexane,

2.06% NO, and 88.44$ He at a flow rate of about I.5 standard liters 

per hour after a stream of 2.5$ NO in 97*5$ He was bubbled through a 

bath of n-hexane kept at 21 C . The reactor temperature was varied from 

140 C to 345 C . The length of the run was 25.5 hours„

All of the NO was reduced over the entire temperature range of 

the run. The amount of NgO was zero at 140 C, but it rose to 0.14$ 

of the effluent stream at 310 C . It dropped back down to 0.04$ of the 

effluent stream at 345 C . The amount of HgO in the effluent stream a- 

veraged 0.10$ for the entire fun. No SOg and only a negligible amount 

of HgS were observed in the effluent stream during the run. Figure 

14 shows the effluent stream compositions plotted versus the reactor 

temperatures. The effluent stream was 5.37$ n-hexane at 345 C.

The reacted CaS didn't change color during the run. The reacted 

CaS weighed 0.99 grams for a weight loss of 0.01 grams during the run. 

This weight loss was probably due to unrecovered CaS being left in the

G. Run with CaS, NO, and n-Hexane
The reactor was charged with 1.00 grams of CaS before the run.

reactor.
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The reactor was charged with 1.00 grams of CaS before the run.

The feed stream to the reactor consisted of 5.0$ Og, 2.5$ NO, and 92.5$ 

He at a flow rate of about 1.5 standard liters per hour. The reactor 

temperature was varied from 390 C to 410 C. The length of the run was 

25 hours.
The reduction of NO was complete for all reactor temperatures used. 

The amount of NgO observed in the effluent stream averaged approximate

ly O aOrJf0 for the entire run. No NO, HgO, H2S, or SOg was observed in 

the effluent stream during the run.

Because of the limitations of the gas chromatography apparatus 

used, the Og and Ng couldn't be separated in the effluent samples, 

so the amount of Og in the effluent stream couldn't be determined.
The amount of N O  in the effluent stream was estimated by assuming that 

the total Ng and Og peak was all Ng. This would give a greater amount 

of NgO if part of the peak assumed to be all Ng was Og.

The reacted CaS didn't change■color during the run. The reacted 

CaS weighed 0.97 grams after the run for a weight loss of 0.03 grams. 

This weight loss was probably caused by unrecovered CaS being left in 

, the reactor.

H. Run with CaS, WO, and Og
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The feed stream to the reactor consisted of about 50$ CO^, 1.25$ NO, 

and 48.75$ He at a flow rate of about 3.0 standard liters per hour.

The reactor temperature ranged from 400 C to 420 C . The length of the 

run was 20 hours.

Because of the type of packing and the conditions employed in the 

gas chromatograph columns, any CO that might have been produced during 

the run would have altered the N^ and NO peaks from the cold column 

gas chromatograph. The COg and any NgO that might have been formed 

during the run would have come out as a single peak on the hot column 

apparatus, while not enough time was allowed for any NgO to pass through 
the cold column apparatus.

The reduction of NO to Ng appeared to be complete for the entire 

run. No SOg or HgS was observed in the effluent stream during the run.

The reacted CaS didn't change color during the run. The reacted 

CaS weighed O .98 grams after the run for a weight loss of 0.02 grams. 

This weight loss was probably caused by unrecovered CaS being left in

I. Run with CaS, NO, and CÔ
The reactor was charged with 1.00 grams of CaS before the run.

the reactor.
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The feed stream to the reactor consisted of about ^Of0 acetylene, 1.25% 
NO, and 48.75$ He at a flow rate of about 3.0 Standard liters per hour 

The reactor temperature was maintained at 400 C for the entire run.

The length of the run was 17 hours.

Because of the probable presence of CO and 00« in the effluent 

stream, the amount of unreduced NO in the effluent stream could not 

be determined. .Any Ng or NO going through the hot column apparatus 

would form a single peak, along with any CO that might be present.

Any Ng or NO going through the cold column along with CO would have 

their output peaks altered by the presence of CO.

The presence of COg would mask any NgO peaks coming out of the 

hot column apparatus, while not enough time was allowed for the NgO 

to pass through the cold column apparatus.

No SOg was observed in the effluent stream, but large quantities 

of HgS were observed in the effluent stream. An unknown peak came out 

of the hot column apparatus, and a dark, oily, smelly liquid had coat

ed the reactor after the run. The acetylene might have polymerized 

or cyclized, possibly after reacting with NO or CaS, to form the un

known liquid. This liquid was insoluble in HgO and soluble in acetone

The reacted CaS was caked into the reactor by the liquid, so the 

reacted weight of the CaS couldn't be determined. The color of the

J. Run with CaS, NO, and Acetylene
The reactor was charged with 1.00 grams of CaS before the run.
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reacted CaS was black, probably because It was coated with the dark 

liquid.

\

X
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The feed stream to the reactor consisted of about ^0% CO, 1.25$ NO, 

and 48.75$ He at a flow rate of about 3.0 standard liters per hour.

The reactor temperature was varied from 390 C to 455 C . ' The length 

of the run. was 30 hours.

The separation of CO from Ng and NO couldn't be performed with 

the apparatus used. The separation of COg and NgO couldn't be done 

with the hot column gas chromatograph, while the cold column gas chro

matograph wasn't allowed enough time for the NgO to pass through. These 

limitations of the equipment used for analysis of the effluent stream 

samples made the use of a nitrogen balance impossible for the determin

ation of the effluent stream compositions.

Some HgS was observed in the effluent stream, but the amount could 

not be determined. No SOg was observed in the effluent stream during 
the run. Residual HgO .in the reactor or CaS probably supplied the Hg 

necessary for the formation of HgS from CaS. The reaction of CO with 

HgO forms Hg and COg.

The reacted CaS weighed 0.95 grams for a weight loss of 0.05 grams. 

The color of the reacted CaS didn't change during the run. The weight 

loss of the reacted CaS was probably caused by the loss of sulfur as 

HgS along with unrecovered CaS being left in the reactor.

The amount of unreduced NO left in the effluent stream couldn't

K. Run with CaS, NO, and CO
The reactor was charged with 1.00 grams of CaS before the run.
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be determined, so the effect of the presence of CO on the reduction of. 

NO by CaS couldn't be determined.
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The feed stream to the reactor consisted of about 50% CO, 5.85% HgO, 
1.15% NO, and 45% He at an H^O bath temperature of 41 C ; 50% CO, 6.1% 

HgO, 1.1% NO, and 42.8% He at an HgO bath temperature of 50 C ; 5°% CO, 
10.15% HgO, 1% NO, and 58.85% He at an HgO bath temperature of 6l C ; . 

and 50% CO, 17% HgO, 0.82% NO, and 52.18% He at an HgO bath temperature 

of 72 C . The feed stream was made up of a pure stream of CO at a flow 

rate of about 1.5 standard liters per hour plus a stream of 2.5% NO in 

97.5% He at a flow rate of about 1.5 standard liters per hour that had- 

bubbled through a flask of HgO maintained at temperatures that, ranged 

from 4l C to 72 C. The feed.stream to the reactor was at a flow rate 

of about 5.0 standard liters per hour. The reactor temperature was 

varied from 590 to 400 C. The length of the run was 67 hours.

Because of the limitations of the analytical equipment, the pro

per separation of CO, Ng, and NO couldn't be performed. This made the 

use of a nitrogen balance to calculate the effluent stream compositions 

impossible to use.

The separation of NgO from COg was made during this run. The cold 

column apparatus was allowed enough time for the NgO to pass through. 
Some NgO was observed in the effluent stream during the run, along with 

some H2S. No SOg was observed in the effluent stream during the run. 
The amount of unreduced NO left in the effluent stream couldn't be de

L. Run with CaS, NO, CO, and Ĥ O
The reactor was charged with 1.00 grams of CaS before the run.
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termined.

The reacted CaS weighed O „96 grams after the run for a weight loss 

of 0.04 grams. This weight loss was probably caused by the loss of 

sulfur as HgS along with unrecovered CaS being left in the reactor.

The CaS was darkened slightly after the run, probably from the dark 

oily liquid residue left in the reactor after the.run with acetylene.



DISCUSSION

The results showed that a good support material could be made of 

Al2O^ or possibly SiO2 , which are cheap and durable materials. The al

lowable amount of Na in any support material used for this reaction 

should be quite low, in the order of 0.03%.

The results also showed that some 'contaminants' present during 

the reduction of NO by CaS can-have detrimental effects. The presence 

of Hg, HgO, CO with H2O, and lower molecular weight hydrocarbons can 

all cause the production of HgS by degradation of CaS. This degradation 

of CaS and production of HgS would cause increased costs for the CaS 

reactant along with pollution problems caused by the HgS.

The presence of H^O also seemed to cause larger amounts of NgO to 

be formed during the reduction of NO by CaS, along with decreasing the 

reduction of NO by CaS slightly. H^O didn't seem to effect the produc

tion of SO2 by NiS or CaS contaminated with Na or Ni. Pederson's stud

ies showed that SO2 could be converted to HgS by a slurry of CaS and

HO .
2

The presence of n-hexane seemed to enhance the reduction of NO by 

CaS. The presence of n-hexane didn't cause any H2S or SO2 to be formed 

either.

The presence of Og or CO2 didn't seem to effect the reduction of 
NO by CaS. No H2S or SO2 was formed with either O2 or CO2 present dur
ing the reduction of NO by CaS.

The presence of H2 seemed to enhance the reduction of NO by CaS.
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The presence of natural gas didn't seem to effect the reduction of NO 

by CaS. The effect of the presence of acetylene on 'the reduction of 

NO by CaS couldn't be determined.



CONCLUSIONS
1. The results of the support materials tests showed that only one of 

the four support materials tested was satisfactory. The best mat

erial tested was Harshaw 1602 1/8 inch pellets, which gave good re

duction of NO without forming any H^S or 80 . The Harshaw 1602 had 

a pore volume of 0.48 ml/g and a composition of 91/ Al^O^, 6.0/

SiOg, and 0.03/ Na^O. The Nalco 2910-B 1/8 inch pellets gave good 

reduction of NO but caused the formation of some H^S. The Nalco 

2910-B had a pore volume of 0.78 ml/g and a chemical composition

of 97.9/ Al2O5 , 0.24/ SiO2 , and 0.02/ Na2O. The Alcoa T-71 1/4 inch 

to 8 mesh tabular alumina gave very poor reduction of NO but didn't 

cause the formation of any HgS or SO2 . The Alcoa T-71 had a pore 

volume of 0.163 ml/g and a chemical composition of 99*5/ AlgO5 ,

0.04/ SiO2 , 0.06/ Fe2O , and 0.01/ Na^O. The Linde TM-O-1114 1/8 

inch pellets gave good reduction of NO but caused the formation of 

80 . The Linde TM-0-1114 molecular sieves had a pore volume of 

O .53 ml/g and were composed of alumina and silica in a synthetic 

crystalline structure containing Na.

2. The use of NiS as a reducing for the reduction of NO caused the pro

duction of SO2 along with good reduction of NO. The production of 

SO2 by the NiS eliminated NiS as a possible reducing agent for the 
reduction of NO.

3. The presence of HgO during the reduction of NO by CaS seemed to cause 

the production of small amounts of HgS along with larger amounts of



NgO. The presence of HgO also seemed to decrease the reduction of 

NO slightly. The presence of HgO didn't seem to effect the produc

tion of SOg by NiS. The presence of Hg during the reduction of NO 

by CaS seemed to enhance the reduction of NO, but it caused the for

mation of significant amounts of HgS. The presence of natural gas, 

with a composition of Jlf0 CH^, 6$ C2Hg, and 3$ C^Hg, during the re

duction of NO by CaS caused the formation of significant amounts of 

HgS but didn't seem to effect the reduction of NO by CaS. The pres

ence of n-hexane during the reduction of NO by CaS seemed to enhance

the reduction of NO, with apparently complete reduction of NO at 

temperatures of 140 C and above. No SOg or HgS was formed with re

duction of NO by CaS in .the presence of n^hexane. The presence of 

Og during the reduction of NO by CaS didn't seem to have any effect 

on the reaction, with complete reduction of NO at temperatures of 

390 C and above and no HgS or SOg being formed. The presence of 

CO during the reduction of NO by CaS didn't seem to effect the reac

tion, with complete reduction of NO apparent at temperatures 400 C 
and 420 C and no HgS or SOg being formed. The presence of acetylene
during the reduction of NO by CaS caused large amounts of H2S to

be formed, along with an unknown liquid. The effect of the presence 

of acetylene on the reduction of NO couldn't be determined because 

of equipment limitations. The presence of CO during the reduction 

of NO by CaS caused the production of HgS, probably because of the
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presence of residual HgO in the reactor or CaS reacting with the 

CO to form Hg which in turn reacted with the CaS to form HgS. The 

extent of the reduction of NO by CaS in the presence of CO couldn't 

be determined because of equipment limitations. The presence of 

CO and HgO during the reduction of NO by CaS caused the production 

of H2S. The effect of the presence of CO and HgO on the reduction 

of NO couldn't be determined because of equipment limitations„
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RECOMMENDATIONS
Several questions concerning the reduction of NO by CaS have yet 

to be answered.

Some work has been done with the use of support materials, but more 

must be done. The criteria for suitable support materials should be 

determined. This includes porosity, surface area, and type and amount 

of contaminants in the support material that are allowable. The control 

ling mechanism or mechanisms of this reaction must be determined.

More work should be done to test the effects of 1 contaminants1 such 

as CO, CO , NH^, and hydrocarbons. Better methods of analyzing for CO, 

CO , and NO^ need to be found and used to determine the effects of the 
presence of CO, CCU, and hydrocarbons on the reduction of NO by CaS.

- More work should be done in finding catalysts that will lower the 

required reaction temperatures and promote the reduction of NO by CaS.

Studies of the regeneration of supported and unsupported CaS reac

tant from the CaSOu formed by the reduction of NO by CaS need to be done 
Cost studies of the regeneration process, as well as all other aspects 

of this method of NO abatement must be done also.
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GAS CHROMATOGRAPH COLUMN CONDITIONS

COLUMN I

Dimensions: 7 feet long x 1/8 inch diameter stainless steel
tubing

Packing: Porapak Q-S
Temperature: IJO C
Carrier gas and flow rate: He at 10 ml/min.
Gases analyzed: N2O, HgO, H^S, and SO2

COLUMN 2

Dimensions: 25 feet long x 1/8 inch diameter stainless steel
tubing

Packing: Porapak Q-S
Temperature: O C
Carrier gas and flow rate: He at 10 ml/min.
Gases analyzed: N2 and NO



V

The most important data obtained from this research concerned how 

the effluent stream composition varied with time, temperature, type of 

support material used, type of solid reactant used, and the presence 

of various 1 contaminants 1 in the reduction of NO by a solid reactant.

A nitrogen balance was used to determine the composition of the 

effluent stream whenever this was possible. In some cases, where CO 

and sometimes CO?, were present, the CO would alter the peaks of Ng 

and NO. The COg would mask any NgO peaks on the hot column apparatus, 

when COg and NgO were in the same sample. Because He was used as the 

carrier gas for both gas chromatographs, no He peaks showed up in the 

output from the gas chromatographs, so a balance on the He couldn't 

be used to determine the effluent stream compositions.

The method of using the nitrogen balance is as follows: I) The

ratio of NO to He in the feed stream was always 2.5 to 97*5 I to

39, except for the run made with Og where the ratio of NO to He was 

2.5 to 92.5. 2) Two moles of NO will yield I mole of either Ng or

NgO. 3)" The ratio of Ng plus NgO to He in the samples equals 1.25 

to 98.75 or I to 79. 4) 39 times NO peak area plus 79 times Ng plus 

N2O peak areas equals He peak area. 5) 'The sum of the peak areas of

all of the components of the sample,, including the calculated He peak

area, equals 100%. 6) A component peak area times 100% divided by

the total peak area equals the per cent of the sample that is made up 

by the component.

CALCULATIONS



62
The peak areas were determined by weighing the individual peaks 

after they were cut out. This gave weights of the individual peaks 

that were proportional to their actual peak areas. The weights could 

be used instead of the actual peak areas because the peak weights were 

proportional to each other in the same manner that their areas were pro 

portional.

The following sample calculation shows how this method was used:

Peak weights from the cold column were:

1) N2 = 0.0150 grams
2) NO = 0.0050

Peak weights from the hot column were:

I) Ng+NO = 0.0075 grams
2 ) N2O = 0.0005
3 ) H2S = 0.0002
4 ) H2O. = 0.0015
5) SO2 = 0.0008

Combined peak weights were:

D N2 = .0.0075 x (0.0150/0.0200) = 0.0056 grams
2) NO = 0.0075 x (0.0050/0.0200) = 0.0019
3) N2O = 0.0005
4 ) H2S = 0.0002
5) H2O = 0.0015
6) SO2 - 0.0008
7 ) He = (0.0019x59) + ((0.0056+0.ooo5)*79) = 0.5402
8 ) Total of peak weights = 0.5505



63

Calculated composition of the sample was:

1) N. = 0.0056/0.5505 x 100# = 1.02#
2 ) NO = 0 .0 0 1 9 / 0 . 5 5 0 5  % 1 0 0 # = 0 .3 4 #
3) NpO = 0 .0 0 0 3 /0 . 5 5 0 5  % 100# = 0.06#
4 ) HgS = 0.0002/0.5505 x 100# = 0.0%-#
5) H2O = 0.0015/0.5505 X 100# = 0.27#
6) SOg = 0.0008/0.5505 x 100# = 0 .1 4 #
7) He = 0.5402/0.5505 x 1 0 0 # =98.13#



Table I. Some properties of the support materials tested.

Manufacturer and Type 
of Support Material AlgO^

Composition
SiOg# FegOv# NagO#

Surface
Area
(m2/g)

Pore
Volume
(ml/g)

Form

Alcoa T-71 9 9 . 5 0.04 0.06

II 
H OO —— — 0.163 1/4 inch to 8 

mesh tabular

Harshaw I602 91 6 e 0 " — — — 0.03 225 0.48 1/8 inch pel
lets

Linde TM-0-1114 
(molecular sieves)

(synthetic crystalline metal 
alumino-silicate containing Na)

0 . 5 3 1/8 inch pel
lets

Nalco 2910-B 9 7 . 9 0.24 -Tr- 0.02 250 0.78 1/8 inch pel
lets
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