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imonz the more important raw materials now utilized for the commercial
produuu, cn of synthetic organic chemicals iz natural gas. Natural gas hes
peen used &s a Tuel and source of energy almost frem its discovery, but its
.potentialities as a chemical raw material were not realized until recently.

_ Research in the use of matural gas for chemic7 cynthesis received great
impetus from the discovery by Brocoks and Humphrey—/ In 1618 of alcohols in the
diluted "acid oil” obtained by sulfuric acid treatment of cracked petroleun
distillates. Experimental data soon showed that hydrocarbons {rom natural

gas could be converted to these same produvcts. TLabcratory methods for chlori-
haticn of natural-gas hydrocarbons, particulaerly of methane for the production
of methyl chleride, methylene chloride, carbon tetrachicride, and chlorolorm
Wers known bercre thau time but were not déveloped Cﬁmmerﬂlally Methods Tor
obta-nlp alcohol by oxidaticn of hydrocarbons derived from natural gas 21so
were known befores 1918 but hed not received commercial consideration. Since
}918, and particularly during the past.l5 years, the work of chemists and
chemical manufacturers throughout the world has resulted in an accumilation
of data regarding the reactivity of natural-gas hydrocarbons, and related
ydrocarbons found in refinery gases or made synthetically., These data have
een used to develop methods Tor converting hydrocarbons into chemical
roducts and thus form the bvasis for a large and groving in

: Wartime demends for chemicals during 1939-1945 gave impetus to thisg
uvelonmﬁn+ eapecially te the application of ongineering technology to

thods alrcauJ lmown in the laboratory but which had not Been developed
ommcrcially., The production of plastics as substitutes for rubber and
¢ of ammonis, glycerine, toluene, and nitroparaffing for use in explosives;
E synthetic “ubber, and of aviation gemsoline are exasmples of this fechnelogic
grdwgi . The deuand_fuf thess produvcts reguired noew sources of raw materials,
tille q;Ethl many processcs vere developed and plants constructed t? )
OBtilltlc;Llab gas and other petroleunm hydrocarbons., With the cessation o

S8 ham 1ol u;z cgnve;zlun of tneﬂc+p¢antu and procesges to peacctime ectivi-
iliZthoz Efr Pln . ditional postwar cconsiruciion 21 Piafb? for chem{cal
etrolcum o petroleum gases indicates thai the growth of this phase of the
ndustry will continuc.

_Th@ Bureay of Mines will welcome reprinting or Inls paper provided the
fcllowipa IOOtﬁOuC zoknowledgment is used: "Repriitcd,from.Bureau of
Prllncq Information Circular 7347.," '
H;igigaproErc1cum.,neﬂlsb, Petrolounm Experiment Station, Bureau of
RCSO@rC artleaville, Okla.

Minoo h chemist (pbt oLoum) Pctroloum.Expcrlmcrt Station, Burcau of
BronSDJBBaﬁ’tlLSVlll ?_Lll_Ja. . . .
on Oln i.:.and HPT?HIGJ’ L., The Acticn of Concentrated Sulfuric Acid
-tillazfl?s with Pariicular Refcerence to the Refining of Pctrgleum.Disﬂ
. tes:  Jouwr, Amer. Chem, Soc., vol. 40, 1918, pp. 822-856.
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Lh@ guantity -of natural-gas that is, or that. UHQ“”‘EfGSOWU demandg cay
tilifded ifivthe w7 roducticn of chemicals is mot- Urea+ in comparison Wity
SRS hesd as Tuel. Somo Gate showing prosent-consumption of. natura)
gas fTor soveral. purposes arc preseonted ant discussed with chert 2. Genepa)
an orgenic chemicel product cen be made from'any onc of goverel starting
matcrials as well as by several routes from a single substance. Thig ig
illustrated by and éiscussed with chart 5. This g wversaetility of hydrocarpg

conversion processes 1Ig important, as crdinerily it may be aszuned that g
subaz uaq" Wlll not be made synthotlcall“ ”“om.qﬂt relly ccocurring raw
materi als if 1t can be obtained in sufficient cuantitics as a byproduct
from an actwmo cemmercial process. The choapncss and avallability of natp.:
rel g However, has cavsed unusual conglderation lo be given to its chemi.
izatlon, Many chemicals npt previously procur able commercially hay
Trom natural-gas hydrocerbons, and In many inatances thoy have

L
llod ) ods that had nct been met by other known aubstances

L

The production, _ruﬁ.nu+nf&¢ gus, of aviastion gasoline and of high
anti-lmock blending agents for enrichmont of motor fucls is not strictly
& ”'t lization for chemical p¢oaucts. Many of thesc zescline couponents,
houevcw arc relatively pur g+l chem;ca*s, and the processcs ‘erplcyed in théir
manu;zctx e 8. anpl¢uabl to the manufacture of products intended for '

chemical rather than cnecrgy usoo. Investigations of production of motcr
fucls fron natural gas and rofinery byproduct gases, which verc begun
activgly about 19285, resulte&‘ln the discovery of many processcs. These
investigations elso discloscd additional mothods and technology for nwg#
ucticon of purc chenicals and éhonical raw matorials f“om.nutural—ggq WTL
carbong: A ruporU b1V1nb the results of somc of the carly inveatigatl

of this prcblem by the Burcau of Mines vwore Dubl“SPCC‘¢H Qctober 1931, 27
In that roport, previous and concurrent work by other investigators is
cited. -

Ar inf mutlon Chrbhlur ﬁonccrn!r” the vtiliz of natural gas for
cherical . P*oductv wag published by the Bureau in 19 and & revision vas’
igsued in lChO._ The present paper is & rovision of the 1940 publication.
Its purpose is to show in graphic form the gencral reacilons uscd and the
Ch‘ﬂl al products that may be ¢bitained whon netursl gas is usod s a rov
naterial, The number of producis proesently cbicincble from natural gas 'is .
véry lerge, and the Tield iz continuing to dovelop, so that it is posaible
that some products thet are now irportant. (or soon mey be so) have doon
omittod, but ¢very offort has been made To moke thle publication s in-
clusive ag available information pernmiti, The products listed mey be

zaticn
-~
05 -

O

e
5/ Smith, H,”M:, rondons, Poter, and Bo ll, H. T., The Production of Motor
ia fro ﬂatgr 1 G:ﬂ "Buresu of Mines Rovt. of Iqwcotlga fonsg lh}:,
N ;
S

931, 12 pp"'

6/ Smith, Harold M., Possible Usc of Netural Ga
1 [l
e
L

5 for the Production of
wrieal Producte:  Burcau of Mincs Inf, Cire. 6383, 1930, 5
n, Harold M., Utilizaticn of Naturel Gos for Chemical Pr duc
~can of Minecs Inf, Circ. 7108, 15:0, 318 »p.
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produccd from natural gas from wells or natural gasoline plants, but ordi-
narily ratural gas would not be used where refinsry-process gases or other
raw materials are available that will yield the desired product in fewver
gteps and more cheaply. . Somé Stgtistiés relating to the scoricmicg and
érbwth of the industry are shown in the first chérts, ‘and the principal
processes and their products are shown in the cthers.

It would be desirable toc include brief descriptions c¢f some of the
processes, but choices of methods and operating conditions are so varied
hat no simnle explénation seems possible. Actuelly, few of the reactions
aré,as gimple, as the charts may indicéte. The gubject of catalysts alone
is.so complex that it capnot be presented adequately in a report such as
this. The nontechnical reader is interested mainly in the general picture
ich is adequately shown by the charts: A selected bibliography is in-
luded for the technical reader who may wish ¢ obtain such chemical and '
engineering informaticon as is generally available and for the nontechnical
eader who may wish to inguire further into the subject, Historical and
iblicgraphical reviews of work done in the field have appeared in the
iterature from time o time, some of which are listed among the references.

i .-

Chart 1, °

+; Natural gas is a mixture of gaseous hydrocarbons consisting predomi-
gnkly‘of-those containing not more than four carbon atoms, It occurs in

ural reservoirs separately as gas or may be found with or In solution
ongaseous hydrocarboens. The compositicn of natural gas may differ from
teld to field and also with production methods. Methene is the hydro-
arbon usually present in greatest volume, with ethane, propane, and heavier

ocarbens successively next in order. ‘The composition of a "wet" gas

fypical of much of that produced lies within the following limits in vol-
ume percent: Methane,. 80-90 percent; othane, 5-10 percent: ropane, %=5
5 iscbutane and butene, 1-2 percent; pentanes and heavier hydro-
8rbons, 1-2 percent. Nonhydrocarbon compcnents, including nitrogen, hy-
é%gg n sulfide, traces.of organic sulfur compounds, carbon dioxide, ‘and

: Ay occur with the natural gas. Certain of these may be extracted
@tural gas cither as impuritios or for individual utilization, (Chart

i

N

Chart I sghows the general ¢omposition and major uses of natural gas,
3e0us mixture or "wet" gaé‘pféduced'at the wellhead, as shown in the
yduare of -the chart, usually is scparated in the field in absorption or
- 2t-gasoline plants. - Nonhydrocarbons are removed wunder certain condi-
I nd the hydrocarbons are -sevarated into Ydry gas,""liguefied petro-
" (sometimes roferred o as LFG), and natural gasolins or condensate.
885 occours a8 such in some Tields., ‘When gas is produced with crude
ough field separation gives a wst gas.) Such separations are not
1y complete, and there. is some overlapping between the groups,
OF group separation or separation inte individual components is accom-
when Qesired by fractional distillation, or in special cases by

tive distillation, azeotrop;qj@istillation, superiractionation, or
Xtractive methods. : '

...5_
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, - Pata regarding uses of the several constifuents ars shown in char
Cherts T to 11, which show chemical products, are concernsd primarily

"dry"‘and'"liquefied‘petroleum“gases".hydrccarbons,- methane, ethane,

vane, igobutane, -and n-butane, o

Chart 2

sl Some data regerding the ¢onsumption and use of natural and ligu
rpetroleun gas are shown graphically.in charts 2a and 2b. Uhfortunatéqh
figures for. the guantlty -of natural gas used In the menufacture of gyns
thetic -organic- chemicals are not available geparately but are include
under- "other industrial’ uses, . Data on the uge of ligueied pstroleu
gases in -the memufacture of. synthetic rubber components were available
the flrst time in 104k, Data concerning the use of liguefied petrols
“in. the production of aviation gasoline end other motor-fuel . ¢omponent
not included,  Chart 2¢ .ghows annual synthetle production from all sour
of certain non-coal-iar chemicals gsince 1936. Ghart;Qd.shows.thafinp
-in-total production end gales of .non-coal-tar synthetic crganic chemi
from 1925 to 194k and production and sales of chemicals vaw materialsids
rived from petroleum from 1942 £o 1oLk,

Statistics shoving the ?ortionAof.this prodﬁction'using natural g
as the ravw material are not available,- : : '

Chart 3

_ Chart. 3 shows the general composition of crude petroleum and of
finery-processed. petroleun and also lists some nonpetroleum materials
suitable for hydrocarbon synthesis. Petrolewn ig an extremely complex;
mixture of hydrocarbons and other. subatances thet is found in nature.i
the solid, liquid, and gaseous states. Natural gas 1s a form of petr
leum that. congists of hydrccarbons and other.substances'(chart l)_tha.
exlsts in the gaseous state under ordinary conéitions of temperature sn
pressure at the carth's surface. The natural-gas hydrocerbons freauentl
occur, In solution with crude oil, Bydrocarbons identical with those
-natural gas, together with unsaturated gaseous bydrocarbons, are form
as byproducts in refinery operations during the manufacture of petrolpon
. products, by decomposition and conversion of natural gas, natural gas
or crude-oil hydrocarbons. Such hydrocerbone also may be made synthe
'from.nonpetroleum materials. These goseous rroducts, regardless of go
are lmporsant rav meterlals or intermedictes for chemical products.. ThE
Tact that the gaseous products of Petreleun mey be obtained by procesds]
the heavier fractions and, similarly, that heavier hydrocerbons may b
made from the gases is significant. Mothods whereby such interconversio
of petroleum hydrocarbons can be accomplished are presentsd in the ne
chart, . ‘ . . ) o o e

Chart k - -
Raw m&terials'ofherrthan vetroleum hydrocarbons were used for the
Tirst commercial syntheses of crganic chemicals. The processes, howe

l}-{-50 ’ : - lI- -
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