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Chart 8

Oxidation of the hydreccarbons in natural gas in the form of combustion

“furnishes the basis for its use as a heat and energy source., The nltimate
products of combustion of hydrocarbeons are carben dioxide and water. Con-
- trolled and limited okxidation of hydrocarbons preduces a number of rod-

uets highly useful in the production of textiles and plastics and in cther
Industries., Ameong the oxidatiocn preducts obtainable from natural gas and
other petroleuwm hydrocarbons are alcohols, acids, fatty acids, and aldshydes.
Those of most importence produced compercially from natubal gas include

» ethyl, isopropyl, ropyl, and butyl alcchols, formaldehyde and

acetaldehyde, acetone, methylacetons, acetic acid, acetic anhydride, propi-

nic acid, and wany derivatives. Both saturated and ungaturated aliphatic
drocarbong are utiiized, ordinarily in the presence of a catalyst, in the
production of oxidation products. . - :

The reaction of natural-gag hydrocarbons with steam, oxygen, and carbon
dioxide to form a "gynthesis gas" for the Fischer-Tropsch synthesis of
dlgher hydrocarbons has reveived much recent attention ag a possible method
or’ utilization of methane in +he manviacture of motor fuels, In addition,
ganic chemicals such ag alcohols, aldehydes, .acids, and estors can be

o

duced concurrently with the motor fuel,

The reaction of mecthane and steam when carricd to completion gives
arbon dloxide and hydrogen. " This reaction has .been the basis for produc-
on of hydrogen for many of the plants that produced ammonia and nitric

id for wartimc use, Natwal gas or hydrogen from natural gas algo is

64 in the manufacture of purs nitrogen from air for use in ammonia menu-

sture. By means of controlled combustion, the oxygen content of air is
emoved, leaving nitrogen, carbon dicxide, end water, which are easily sepa-
atod, Possible byproducts and derivatives besides ammonium nitrate in the

facture of ammcnis and npitric acld include methyl alcohol from hydrogen

‘carbon nonoxide, formaldehyde Trom methyl alconol, dry ice from waste

}bon‘dioxide, urea from liquid ammonia and csrbon dioxide, and perhaps
SITiond um sulfate, scdium carbonate, sodium nitrate, dicalcivm phosphate,
Bydrogen cyanige, Tormamide, and others,

Chart 9

$hart 9 shows products of chlorination as representatives of preducts
nable by haleogenation of natural gas. Chlorinated hydrocerbens form
Imbprt&nt clagg of chemicals, which ere used directly as golvents, re-
orants, degreasing compounds, - and for many othor purpcsss; alsc as in-

SR P, .
~dlates in crganic ohemlcal‘synth981s, Fluoro and fluorochlore com-

B, which arc used principally as refrigerants, usually are cbiained by
tgéfgﬂont of chlorino‘with fluorine in a chlore compound, A fow bromi-
e Ydrocarbons arc in cormercial production. Methyl bromide is used
mgliﬁmlgant and insecticide.. Ethylene dibromide is vsed in telra-

55:0%d fluids, ag a sclvent, end as an intermediate in the production

Pmber of chemicals,. - . '
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Active research into the nitration of natural-gas hydrocarbons begg
around 1930 and has produced = variety of products. Commercial pro&uct}
of nitrcparaiffing by ke of the” apor-phasse nitration reaction of aite
acid and hydrocarbons frem petroleun and natural gas, occurred within i
pregent decads. Uses for these nitroparelfins and their derivatives jpi
many Tields already have been developed, and other extensive uses have
been prophesied.: S : o

Chart 11

Chart 11 shows producte obtainsble from naturel ges and other pet S
hydrocarbons by sulfurization. Production of these products is small
recent announcements indicate future comméroial-scale;manufacture'Of_c
Gisulfide, thiophene, mercaptans, thicethers, znd other sulfur compound
using naturel gas and sulfur or hydrogen culfide as starting materialgf
Butyl mercapten and butyl disulfide are said 1o be available alréady i
tank-car lots,. and other sulfur_pompouhds'are,being“prodhCSd7in experi
or pilot-plant quahtities. One compeny states that 2 plant was erected;
operated susccessfully For - the mEnufacture of. tertiary dodecyl mercapta
(Cyp)y veing as rav materials hydrogen sulfide derived Trom natural gas
witn copolymers Trom propylsne and izobutylene resulting from thermal Qe
composition of iscbutane. The rlant was built in eanticipation of a ds
for the product in the synthetic-rubber program but was shut down ‘when
demand did not materialize; Another company hes ammounced. the pilct p
and contemplated commercial production of thiophene.: Still enother oo
has snncunced the pilot-plant’ development of a process for the manufach
of - carbon disulfide by the catalytic peaction of sulfur and Lydrocard
from.natural gas, R S o '

Many of the usss for sulfurization nroducts shown- 1in chart 11 ar
- ol = ' ; :
those suggestod bynmanufacturers.as rossible uses and have not vet been:

been proven commercially.

Henhydrocarbon constitucnts of navural gas usually are rresent in
relatively small emounts. Some of these raterials, such 2s helium, afe
of enough valus tc warrant their recovery. éven when Prezent in gquantiti
of only a few percent. Others, such as hydrogen sulfide, usually are
objecticnable and. crdinarily must:bGVrempved before the hydrocarbon cont
of the ges can be utilized, Hydrozen sulfide and cthor objectionnble #2
may beccme valuable when separatcd and used in the production of other
preducts. The use of hydrogen sulifide in the production of sulfur COﬁE
from hydrocarbone alresdy. has been mentioned. In at least one natural
Tield it Is vecovered 2nd usged forAths.prqductibn of elsmental suifur.
Some natural gases are compescd almest entir'cly -of carbon dioxide
Carben dioxide fromithis source rey be of vaiue if the wells from whic
it is produged arc, gecgraphically situated where the £as may be utiliz
economically., So far, no economle uce for nitrogen in natural gas has
been developed,

150 - 10 -
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