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INTRODUCTION

It appears that Doberman was the first to synthesize ammonia directly from
its elements as he reported in 1823, Haber was probably the first to
appreciate the importance of az suitable catalyst as the key to commercial
development of :the direct synthesis of ammonia.t Starting in 1908,

Haber (et al) carried out detailed experimental investigatious for many
yvears in the search for a suitable catalyst and practical operating con-
ditions. After many thousands of individual experiments a satisfactory
catalyst was found, which counsists of iron promoted with metallic oxides.
As to operating conditions, Haber (et al) also developed the apparatus
for the synthesis of ammonia. This primncipal is used in zll present day
converters with some modifications (Figure 1).

The converter developed by Haber comsists of a thin-walled iron tube
wrapped with asbestos paper around which is a nickel heating element.
Inside the tube is a glass or quartz catalyst tube counstricted on one

end to form a cappillary tube which continues inside of the steel inlet
gas tube to a point outside of the converter. Gas is circulated through
the system as the arrows indicate. Ammonia contained in the gas is
removed either by cooling or by an absorption agent such as water or acid.

Commercial synthetic ammonia production started in 1913 and subsequent
rapid growth.of the industry developed. .

Processl

Current synthesis  of ammonia consists essentially of producing a gas
mixture containing hydrogen and nitrogem in the proportion of 3 parts
hydrogen to 1 of nitrogen, purifying this mixture, and synthesizing to
ammonia under pressure in the presence of a suitable catalyst. In
practically all modern plants, modification of the original Haber Bosch
process are used. (Figure 2) )

modified water gas is produced in water gas generators. Coke from
bituminous coal or lignite is first blasted to incandescent heat with
air, most of the products of combustion going to the atmosphere. Water
gas containing carbon dioxide, carbon monoxide, and hydrogen is obtained
by passing steam through the fuel hed. The nitrogen required for ammonia
synthesis is usually furnished by adding a sufficient quantity of the
products of combustion from the blasting step to the gas stream. This
mixed gas passes through a scrubber-cooler, where dust particles and
undecomposed steam are removed with water, and the gas is then stored
in a gas holder.
Gas from the holder is mixed with steam and passed through a carbon
monoxide converter containing a catalyst, where most of the carbon
monoxide is comnverted to carbon dioxide and hydrogen, and is then
stored in a converter gas holder. Converted gas is compressed to 23

l .
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atm. and passed, counter current to water, through a carbon dioxide
purifier. The gas, now free of carbon dioxide, is compressed to 200 atm.
and passed counter current to an ammoniacal cuprecus solution in a carbon
- monoxide purifier. Here the residual carbon monoxide, unconverted in

the carbon monoxide converter, is removed. The resultant relatively pure
gas mixture, consisting of 3 parts hydrogen and 1 part nitrogen, is
injected as makeup gas into the synthesis Iloop.

Circulating gas in the synthesis loop passes over a catalyst in the
high-pressure ammonia converter where part of the gases unite to form
ammonia. The exit gas from the converter is boosted in pressure by the
circulating compressor in order to overcome pressure drop in the synthesis
loop, and then passes through the ammonia absorber where the ammonia
formed, is removed by water washing. . The unconverted gas then joins with
incoming makevp gas, and after passing through a water cooler, in order

to condense ocut excess moisture, recirculates through the converter and
the synthesis loop. The makeup gas contains a small percentage of argon,
and sometimes methane, which also acts as an inert. 1In any process using
recirculation these inerts tend to build up; their concentrations is
therefore controlled to the desired extent by bleeding a protiom of the
circulating gas from the synthesis loop. Ammonia solution from the ammonia
absorber is sold as such or sent to a distillation unit where the ammoniz
is recovered in the anhydrous state.

Separation of the ammonia from the circulating gases in the synthesis loeps
of all of the processes is done by condemnsation by cooling or by absorption
in water. Since ammounia is now marketed to a great extent im the anhydrous
state, and some hydrous ammonia is obtained as a by-product by scrubbing
purge gases, most plants use the condensation method. The temperatures
required to condense ammonia from a mixture of hydrogen and nitrogen ges

at various pressures are in a range of -20°C to +15°C. Pressures range
from 50 to 1000 atm. When higher pressures are used, condensation can be
acconplished by mere water cocling. When lower pressures are used,
refrigeration is required.

Production and Use

Tables 1 and 2 reveal producers for 1961 and 1974 as indicated.L’z A cross
reference of these tables may be helpful in determing well established firms
in the field of ammonia production. It is evident that the ammonia indus-
try has grown considerably in the past 15 years (10-12% annually). There
were 12,602,000 more tons of ammonia produced in 1974 than in 1961.

Approximately 2/3 of the ammonia produced in the United States is consumed
by agriculture in the form of fertilizers. Some of the principzal fertilizers
and fertilizer manufdcturing process which utilize ammonia are anhydrous
ammonia, ammonia liquor, ammonia nitrate, sodium nitrate, urea, urea ammonia
nitrate solutions, amonium sulfate and amonium nitrate-limestone.



Of the remaining quantity produced, there are many uses.

1.

3.

Acids and Alkalies

Most of the nitric acid comsumed in the United States is
made by the oxidation of anhydrous ammonia. The nitric
acid can be further processed to produce nitrates and
numerous other chemicals including dyes, insecticides
and detergents.

Cleaning Agents

Household ammonia, frequently used in homes and factories

as a cleaning agent, is a weak solution of ammonia and water.
Ammonia is also used in the compounding of certain dry
cleaning and specialty socaps. Ammonia is used effectively
as a stain remover for marble.

Explosives

Most industrial and military explosives contain nitrogen,
the basic source for which is ammonia. At the explosive
plant ammonia is converted to nitric acid, which is used
to produce the basic ingredients of explosives.

Food and Beverage Industries

Ammonia is used in the fermintation industry as a source of
nitrogen which is required for the growth of microorganisms.
Ammonia is used in the beverage industry as an ammoniating
agent for glycyrrhizin and as an extract for bitterness.
Ammonia is zlso used as a fumigant and as a refrigerant in
many food and beverage concerns.

Leather

Ammonia is used as a slime and mold preventive in tanning
liquors, and as a curing agent in making leather. .The man-
ufacture of mothproofing agents and cother protectives for
furs and hides involves the use of ammonia. '

Dissociated ("Cracked") Ammonia

Anhydrous ammonia has the ability to be shipped in the liquid
form and thus serves as a convenient source of hydrogen or

of an inert atmosphere. Dissociated ammoniz is used as
reducing atmosphere for bright annealing of stainless steels,
nickel and its alloys, bronze, beryllium-copper, and other
copper alloys, and high-low carbon steel. -



7.

10.

11,

1z2.

13.

Cracked ammonia serves in powder metallurgy as a medium for

the reduction of metal oxides and for the sintering of pressed,
powdered metal parts. It can be a source of hydrogen for
atomic hydrogen welding and for the electronics industry.

Metallurgy

Ammonia can be used as a process agent in the detimning of
scrap metals,

Petroleum Refining

Armmonia is used as an acid neutralizating agent to protect
refinery equipment from the acids contained in the petroleum.
It can also be used as a color stabilizer and desulfurizer
for naptha, gasoline and kerosene.

Pharmaceuticals

Ammonia is utilized in the production of sulfa drugs and
pharmaceuticals containing amino acids.

Pulp and Paper

Ammonia can be substituted for calcium in the bisulfite pulping

of wood with improved results., It can also be used as a solvent

for caseine in the coating of paper.

Textiles

Ammonia is used in the production of cuprammonium rayon and
nylon. It is also incorporated in the dying and scouring of
cotton, wool, rayon and silk. Acetate rayons are delustered

by immersing the fabric in a 27 ammonia solution.

Refrigeration

There is more ammonia used as & refrigerant thau any other
since it is best suited for large industrial installatioms.
Certain characteristics of ammonia, such as high latent heat
of vaproation, low vapor density, chemical stability, and low
corrasion to iron parts make it Wldely acceptable.

Rubber

Ammonia is employed by the rubber industry to keep synthetic
and natural latex from coagulating during shipment. It is
also used as an atmosphere during the curing of rubber.



14, Synthetic Resins

Urea, a component of synthetic resins, is usually formed at
synthetic ammonia plants by reacting ammonia and carbon dioxide
under pressure.

15. Water Purification

Iridustrial and municipal water supplies are often purified
with a combination of chlorine and ammonia. Four parts
chlorine are added to one part anhydrous ammonia to form a
mixture of mono and dichloramines, which has a greater
sterilization potential than does chlorine alone.

Exposure

There is an estimated 500,000 persons in the United States exposed to
ammonia. A list of potential exposures has been tabulated in Tabel 3.

Toxicity

The recommenced 8§ hour time weighted average exposure ceiling level for
ammonia is 50 ppm. Exposure to ammonia creates uncomfortable and at
times dangerous conditions. Contact with liquid ammonia or liquid
solutions can cause injury to the eyes, skin and respiratory tract.
Ammonia gas, with only moderate exposure can cause headache, salvation,
burning of the throat, anosmia, perspiration, nausea, vomiting and sub-
sternal pain. Higher concentrations may cause pulmonary edema or
respiratory arrest.3

Gerhard Bittersohl% has suggested that ammonia may be carcinogenic or
syncarcinogenic. This paper has been included as Appendix I.

Sempling Analysiss

The sampling and analysis procedures that were recommended in the criteria
document are given in Appendix II.
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OCCUPATIONS WITH POTENTTIAL EXPOSURE TO AMMONIA

Acetylene Workers
Aluminum Workers
Amine Workers

Ammonia Workers
Ammonium Salt Mzkers
Amiline Makers
Annealers ‘
Boneblack Makers
Braziers

Bronzers

Calcium Carbide Makers
Case Hardeners ‘
Coal Tar Makers

Coke Makers

Corn Growers

Cyanide Makers
Decorators

Diagotypy Machine QOperators
Drug Makers

Dye Intermediate Makers
Electroplaters
Explosive Makers
Farmers

Fertilizer Workers
Galvanizers

Gas Purifiers

Gas Workers, Illuminating
Glass Cleaners

Glue Mzkers

Ice Cream Mzkers

Ice Makers

Ink Mzkers

Laboratory Workers, Chemical

Laquer Makers

Latex Mzkers

Manure Handlers

Metal Extractors

Metal Powder Processors
Mirror Silverers

Nitric Acid Makerss

Organic Chemical Synthesizers

Paper Mzkers
Perfume Makers

Pesticide Makers
Petroleum Refinery Workers
Photoengravers
Photographic Film Makers
Plastic Cement Makers
Pulp Makers

Rayon Makers

Resin Makers

Rocket Fuel Mzkers
Rubber Cement Mixers
Rubber Workers

Salt Extractors

Seier Workers

Shellac Mzkers

Shoe Finishers

Soda Ash Makers

Soluay Process Workers
Stablemen

Steel Workers

Sugar Refiners
Sulfuric Acid Workers
Synthetic Fiber Makers
Tanners

Tannery Workers

Urea Mzkers

Varnish Mzkers

~ Vulcanizers

Water Base Paint Workers
Water Trenters
Wool Scourers

SOURCE: Occupational Diseases, A Guide to Their Recoguition. U.S. Dept.

of HEW 1964.
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EPIDEA!EOLOG{C STUDY ON CANCER OF WORKERS IN A CHEMICAL PLANT

Gerhard BITTERSOHL,  Germany (DDR)

In 2 chemicel factory with sbour 30,000 employecs an
-epiderninlogic study on the occurrence of mualignant neo-
plasms was carried out. In this factory mainty minerd oil is
manufactured to petral, plastics, solvents and some other
‘organic substances,« ...

Since the emhhs.nmcnl of the plant 3 permanent increuse
of meoplasms — in relation o 10,600 emplovees — was
observed as is shawn in the first lizure. This progress
corresponds to the general statistical evalustion in our
~eountry.

- The anah Sis” ofal] cancers ~ carried out i the period fmm
1938 to 1967 — shows that as to the male patients the
neoplasms of the digestive system and tha res
smount to 50% of all maliznant growths. With refe

rence 3
‘the women the cancer of the mammuz and the genntals take

“place on the top with about 64%. Figure I shows the
distribution of cance-s in the dif ‘lm.nt 0rgins in comparison
_with the inquiries in-our rcpub?.g. Accurding to that with
referance 10 the mmle employzes ol ‘the chemicat tactory
distinct prevalence of the cancers ol the raspiratory system
and g little pn.dommmce of the cancers of the dizestive
tract, of the urinury organs and of the lymﬂh.rm :md
henatopoetic system is to be seen. In women the mabisnan
twinors of the gemtals and die lymiphatic 2ad !zcrratopm‘uc
system stangd out remarkably with regard to the staustical
evaluation of the GNR.
ft was impossibic to et up relations betwsen an atrxcked
organ and prafession! groups As 2 mauer of experience an
orzanic specificity 2s proof of a Mossible or sure etiolozical
- cohierence is po doubt eomaed o dasired 33 scupposition for
several carcinopsn® sutsiances. This does not lock out,
. however, posaibidicy tat prismsy tumors in spite of the
ssme pathogenic causelity 30 increasingly be observed in
other orzznic systems too. This i3 shown by rzcent obsesva-
. tions of Raml. Jornson, Sato and others
A cansection between proression or zlace of mplosment
and loculizstion of maimnant ncoglisms was oy o be
stated gt the maimerant smuors ot the skin, In 94% et all
cases workers wers anacked who permanently had to do
with tar or rinera! od and who wera expused on infiuence of
_ feat or sunilght 3t the same tima,
parts of the body as the Zead 3nd the upcer exiremities were
attacked. A special aceumuizion was soserved in this part.of
the hvdrogerztion v afere far and dbtdling residues of
the minerzi il werz manuicuad,
At 2 differenuation upea single
that the threetuld murnier of gnant tinoes iy o Se
found in the preduction pianls in compacisun with the
olfices of the chemical fxizry. The caws of ihe workshops
2ad ather plonts 3t heincen these valua, This may wve us
the idea that beside the xerera! prosent cenditions in several
plants of productinn e must be further sarcineyenic or
syacarcinegznic szusthion
At a further diffzrenuation of the g

depariments it was stated

Leotion plants it was
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Exctasively unorotected

sizied that during the period of observation no meligunans
rroplisms epprared at all On the othier hand some plants
were evident by 3 great many of cyncers. Figyrre 3 shows that
wsocciaily the gas plants, ihe piant for the manufucture of
chrommnt catalysts and the tar-handling parts of the hydro-
eenatinn unit are attacked. By this former observations of
other zuthors are conlinmed. :

The ligh rete. of cancers in gl plants  producing or
munufucturing smmoniz, however, is evident. hniliese plants
2 fine Lo six times higher rate of malignant wumors tha in the
cther ranges of the production plants was observed ac< the
fivure shows. This coprespoads to a filieen s higher
frequency of cancers with regard to the whole chemicsl
Loziory. Thoe ziamonis §s produced by the process ol {IABER

znd BOSCH aad in the amine planl it is comveried (o mono-,

157 -
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50
> . ' s I
1815~ JOIR — eIy~ 1943~ {938
1927 1937 1947 1837 1387
Fig. 5. _Cance,— o 16,000 employees



di- and trimethylamins with gascous methanol. In these plants’
the MAK-Values oblicatory for the GDR for anvmenia of 25
me/m® are exceeded by the two- to threefold. Maximum
velues appearing for i short time even amount 10 2 multiple
of these quantities. As 10 8% of the employees the time of
“exposure is mare then 10 years. Owing to their direct
_employment in the production the men zre more exposed
than the women,
‘Fhe cancers s causc of death are very high in these plants
too. 1t zmounts (o 4% of all dead in the zmmonia plant and
to 607 in the amine plant.

As 1o the argans exclusively lungs, stonmchs, Iymphytic

" tissuee and urinary orpins are attacked.

Till now nothing tecame known about the importance of
amunonia as a canceroeenic or Syncancerogenic causality.
There are only a few and uncertain conceptions about a
_possible mechzanism of action, [t is possible that ammonia as
a syncarcinopenic subtznce is of effect 1ogether with Ehc
polycvclic hydrocart-ons coming fiom the hydrogenation
unit and provable in the air of the factory. On the other hand
2o postesses o free electrons at the N-atom and
therefore has the tendercy to change to en ammoniwn-iod
by absurption of a piofon. For thiat reason ane may also

compprehend ammoni: as a radical. Hence thute ure connec-

tions with the coneeption of Wirtschalter, Cronin and
others about the importance of free radiczls. as for
instince at the effest of sonte solvents, at the developroent of
carbonima-radicals at the effect of nitroswmins and so on.

We considered these observations worth to be informed
though our tesearches about this problem are not yet

finiched.
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APPENDIX II

Sampling & Analytical Methodologies
For Ammonia
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VIiI. APPENDIX 1
METHOD FOR SAMPLING AMMONIA IN ATR

General Requirements

Ammonia concentrations shall be determined within the worker'’s
breathing zone and shall meet the following criteria in order to evaluate
conformance with the recommended standard:

{2) Samples coilected shall be representative of the individual
worker's exposure.

(b) Sampling data sheets shall include a log of

(1) The date and time of sample collection
(2) Sampling duration

(3 Volumetric flowrate of sampling

(&) A description of the sampling location
(5) Other pertinent information

Equipment for Air Sempling

(a) Stopwatch

{b) Vacuum pumps with calibrated rotameter

{c) Midget impingers

() Solid Standard Taper 24/40 stoppers

(e) Polyvinyl tubing

) Dicspensing glassware and supporting equipment as may be deemed
necessary. Glassware should be borosilicate quality, washed thoroughly

with detergent, and followed by rinses with tap water and distilied water.
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Reagents

Cautiocusly add 56 ml of concentrated reagent grade sulfuric acid to
500 ml of distilled water; dilute to 1 liter to obtain 2 N sulfuric acid.
Cool to room temperature and dilute 50 ml of the 2 N sulfuric acid to 1

liter with distilled water to obtain 0.1 N sulfuric acid absorbing

solution.

Breathing Zone Sampling

Breathing =zone samples shall be collected as near as practicable to
tﬁe worker's face without interfering with his freedom of wmovement and
shall characterize the exposure from each job or specific operation_in each
producticn area.

(2) Sampling Equipment

A calibrated personal sampling pump with flowmeter (range up to 2
liters a minute), a midget impinger containing 10 ml of 0.1 N sulfuric acid
absorbing solution.

(b) Sawpling ?rocedure

The impinger outlet is connected to the personal sampling pump inlet
by a piece of tubing of convenient length, but not in excess of 3 £feet.
The dimpinger assembly is attached to thé worker's clothing in order to
sample from the worker's breathing zone. The sample is collected at a rate
of 1 liter a minute for 5 minutes.

A minimum o0f 3 samples shall be taken for each operation (more

samples if the concentrations are close to the recommended standard). At

least one blank dmpinger shall be provided containing sulfuric acid
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absorbing sclution through which no air has been sampled. One additional

blank impinger shall be supplied with every-10 samples obtained.

Shipping

After sampling, remove the glass stopper and impinger stem from the
impinger bottle. Tap the stem gently against the inside wall of the
impinger bottle to recover as much of the sampling solution as possible.
Wash the stem with a small amount of unused absorbing seclution from a wash
bottle, adding the wash to éhe impinger to bring to z final volume of 20
ml. Stopper the impinger tightly with plastic caps (do not seal with
rubber), place in an uprigﬁt position, and ship the impinger samples to the
znalytical laboratory im a suitable container to prevent damage in transit.
Special impinger shipping containers designed by NIOSH are available. Be
certain that the impinger bottles are sealed very tightly to prevent

leskage and loss of samples,

Calibration of Sampling Trains

Since the accuracy of an analysis can be no-'greater than the accuracy

of the volume of zir which is measured, the accurazte calibration of =z

-+

sampling pump 1is essentiazl to the correct interpretation of the volume

¢

indicated. The frequenc& of calibration is dependent on the use, czre, and
handling to which the pump 1s subjected. In addition, pumps should be
recalibrated if theybhave beeﬁ misused or if they have just been repaired
or received from a manufacturer. If the pump receives hard usage, more

frequent calibration may be necessary.
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Ordinarily, pumps should be calibrated in the laboratory both before
they are used in the field and after they have been used to collect a large
number of field samples. The accuracy of calibration is dependent on the
type of instrument used as a reference. The choice of calibration
instrument will depend largely upon where the calibration 1is to be
performed. Tor laboratory testing, primary standards such as a spirometer
ar soapbubble meter are recommen&ed; although other standard calibrating
instruments such as a wet test meter or dry gas meter can be used. The
actual setups will be similar for all instruments.

Instructions for calibration with the socapbubble meter follow. If
another calibration device is selected, equivalent procedures should be
used. The calibration setup for personal sampling pumps with a midget
impinger is shown in Figure XI-1.

(2) Check the wvoltage of the pump battery with a voltmeter to

assure adequate voltage for calibration. Charge the battery if anecessary.

(b) Fill the impinger with 10 ml of the absorbing solution.
(c) Assemble the sampling train as shown inm Figure Xi-1.
(d) Turn the pump on and moisten the inside of the soapbubble

neter by immersing the buret in the soap solutiowm and draw bubbles up the

inside wuntil they are able to travel the entire buret length without

bursting.

{e) Adjust the pump rotameter to provide a flowrate of 1 liter a
minute.

() Check the. water manometer to insure that the pressure drop

across the sampling train does not exceed 13 inches of water (approxinately

1 inch of mercury).
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(g) Start a soapbﬁbble up the buret and, with a stopwatch, measure
the time it takes for the bubble to move from one 'calibration ﬁark to
" another. For a 1,000l Buret, a convenient calibration volume is SOC ml,

(k) Repeat the procedure in (g) above at least twice; average;the
results, and calculate the flowrate by dividing the volume between' the
p:eselecfeé marks by the time required for the soaﬁbubble to t?averse the
distance.

&D) Data for the calibration include the volume measured, elapsed
- time, pressure drop, air Eeﬁperature, atmospheric pressure, sérial number

of the pump, date, and name of the person performing the calibration.



IX. APPENDIX 1II
METHOD FTOR ANALYSIS OF ATR SAMPLES
Equipment
(a) Spectrophotometer
(b) 50~ml1 beakers

(c) 1 each 1-, 2-, 5-, 10-, 20-ml pipets

(d) l-cm cuvettes

(e) l1-liter volumetric flasks
Reagents

(a) Nessler Reagent

Dissolve 100 g of mercury (II) iodide_and 70 g of potassium iodide in
a2 small quantity of water, and add this mixture slowly, with stirring, to =
cool solution (15-20 C) of 160 g sodium hydroxide in 500 ml wa*er. Dilute
to 1 1iter. Store in rubber-stoppered borosilicate glassware and out of
sunlight to maintain reagent stability £for periods up to a year under
normal laboratory conditions.

(b) Atmmonium chloride, stock solution (1.0 ml = 1.0 mg ammonia)

vissolve 3.141 g of ammonium chloride in water and dilute to 1 liter
with distilled, ammonia~free water.

{c) Amnonium chloride, standard solution (1.0 ml = 10.0 g
ammonia)

Dilute 10.0 ml of 1.0 ng amnonia/ml stock solution to 1000 ml with

distilled, ammonia-free water.
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Preparation of Standard Curve

To a series of 50-ml1 bezkers add 25.0, 23.0, 20.0, 17.0, and 13.0 mi
of‘absorbing solution (Appendix I). To thesé beakers in the same order add
0.6, 2.0, 5.0, 8.0, and 12.0 ml of ammonium chloride standard solution, so
that the final volume is 25 ml. Add 2.0 ml of Nessler reagent, mix well,
and cover beakers. After 20 minutes the color intensity is measured

spectrophotonetrically in a l-cm cell at 425 nm against the reagent blank.

Anazlysis of Samples

Samples should be znalyzed within a week of collection, Transfer zan
aliquot of the blank and sample solutions to 30-wl bezkers. A&d absorbing
solution to adjust the final volume to 25 ml in each beaker. Add 2.0 ml of
Nessler reagent, mix well, and cover beakers. After 20 minutes the color

intensity is determined by the same procedure as the standards.

Calculations

From the standard curve determine the nmicrograms of ammonia in the
sample solution aliquot. Calculate the concentration of ammoniz in the air
as ppm:

ppm ammonia = 1.44 pl1 NH3 X AB

pg NH3 CDE
Where i.44 pl NH3 = pmole X 22.4 pl X 7298 K
g NH3 17 pg NH3 pmole 273 K
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A= Sampie solution volume in milliliters = 20 ml

(10 ml scrubber solution plus 10 ml rinse)

B = pg of ammonia in aliquot analyzed
C = Volume of aliquot in milliliters
D = Time of sampling period in minutes

E = Sampling impinger flow rate in liters/min.

28





