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By Harold M. Smiths/

Natural gas has been used. as.a fuel end source of energy azlmost from
its alscovery, but. its use.as a chemical raw materwal may be said to have
begun in 1918, when B“ao cs 2nd . numnnrev . snofed the presence of aicohols :
in the diluted acid .0il obtained - by ths SIIIurlc zcid treztment of cracge& 5
petroleum d;st111wues. waeve;, defeTOQHenu of the utilization of natural 7
. gas for chemical svntneses was ¢10w, purtlv Oecauce grroneocus idea s
L existed regﬂrdlng the nonrea t1v1t¢ of tne mydrocarbons composing ﬁatural ' i
“gas. . Data accumlated bty petrsleum chemists throus shout the world, parti-
cularly since about 1930, have shown thwt these hydrocarbons will resct
When activated by the effecte of Eén% t, pressure, chemical reagents, and
vnt' also that the. reactions can be mede to proceed at practicable

eeds and to prav1de bood. rields of useful products with moderate onoratlng
ondltlons, eSUeﬂ1~le if caualvets 2Te em plo;ed. As these results beceme
own, the p03310111ty of a s“ntﬂetlc orgenic chemical indusiry based upon
lese. reactions became apngrent ‘and today this industry is large and

0w1nb rapidly in 1rport9nue.

. In thig pape¢ tha sto"v of tne manx;acture of chemical products

£ om: natural gas ig told 51mp1g in graphic form. The ind: ustry is develop-~

'80 rapidly that some products mey have been cmitted, but every cifort

S been made to inciude all *nat are important or likely to become so.

he difficulty of keeping erorﬂatlon Oﬁ this t7pe up to date is shown
reference to 2m information cirewlard/ on the same subject publishad

‘%tne Buresu of Mines in 19 930, in which the important products are shown
& single chart, wheresas five cherts are employed for the same purnose

:Dresent, :

The Burcaa of Jlneq W7il welcone rep inding of thisg p
‘f0110v1ng footnote & c¢uovledtr is used: "Reprianted
ines Informatlon Circular, 7108.! _
etroleum cnemzst ﬁg eau of hlnes, Barflesville, Cxla.

Brooks, B. T.. and Fumphrey, I., The Action of Concenbrated Sulfuric
Acid on Oleflnb, Witn 4arulculai teference $o the Refining of Petroleum
Distiiletes: Jour. Am. C hem. Soc., vol- 40, 191€, pp. 822-856.

Smith, H, M., Pae sitle Utilizaticn of Wabural Ges for the Production
of. Chemlcal rrOQuch. Buresn of Mines Inf. Cire. 5388, 1530, 5 pp.

r, provided the
sm Bureau of
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It would be desirsble to-include brief-Gescriptions of some of the
processes, but operating conditions are so varied thet no simple metheq &
of explanation seems possible. The subject-ef -catalysts 2180715 50 " eoma
plex thet 1t cannoy be covered adequately in a report of this types The.
nontechnical reader is interegted-mainly dn:.the generad picture- :
the 10 charts; the technical reasder will be able.to obiain from.the refen
ences given such chemical and enzineering infdrmétion'as’is'géhérally
avzilable.

Chart T,

Chert I shows the genersl composition and major uses of natural gas,
The percentege of the various components in natural gas varies'greatly,.
but "wet® gos typical of much of that produced'liesgwithin the!following
limits in percent by volume: Methane, SOgSO percent; ét@gné,'5+10.pergént-
propane, 3-5 perceni; isobutane and butane, 1-2 percent; pentanes and,’
hexanes, 1-2 percent. Chart I 2lso indicates that portion of natural
gas, nemely, "dry" and "ligquefied" gas, with which this paper desls.

.

Chart 1T,

The upper greph of chart II shows the consumption of natural gas in
1938 for Jdomestiec, commercial, and industrisl purposes. Unfortunately,
figures for the guantity of natural gas used in the manufacture of gyn-
thetic chemicals have not been segregated, but are included under Mother
industrial® uses. The graph at the lower left shows the great incresse
in production of non-coal-tar synthetic organic chemicals from 13925 to
1938, However, statistics showing the proportion of increase due to
synthesis from natural gas are not svailsble. The graph on the right |
shows- the consumption of liqusfied propane and butane; statistics of the
amounts used in chemical menufacture indicate s considersble increzse
from 1936 to 1938, The 31 million gallors used in 1938 would represent -
zbout 1 billion cubic feet in the gaseous state. ‘

Chart III.

At present thers are four basic methods of converting naturel—gas
hydrocarhons to other products. These sre nsmed, defined, and i1lustrated’
by examples in chert III, "Dehydrogenation" is considered as one type
of "decomposition" and included under that headings A few words concern—
ing methane may be needed. Although it is the major constituent of natural
gas, 1t was not chosen to illustrats the reactions bacause in most instdncs
it requires severe operating conditions, and the reactions are diffieult
to control. Methane can be decomposed by heat to give unsaturated gases
and aromstic liquids, but extrems temperatures are necessary, and the ]
Processes are not economically feasible at presents Oxidation of methane
is being carried out =t present, and chlorination of methane is possible,
but it is difficult to control the conditions so as to give a good yield
of a single product rather then a mixture of three or four products.
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-CHART II

CONSUMPTION OF NATURAL GAS
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Nitration of methane is possible 12 operating conditions are drastic
‘enough. Thus, methane, the most trevalent of all hydrocarbon gzses, is’
more Tresistant %o chemical trezizz-% than the. others, and its rszctions
‘are less typical as is oftﬂn triz Zor first members of an homologous
gseries of compounds. The utilizzion of methane other than as a gassous
fuel is s%ill a problem awsitinz sziution. :

This trief discussion rega- -z methane 2156 brings out the fack
o] op -

8
‘that for each hydrocarton there iz one set of erzting conditions ,
"temparature,' pressure, ahd contzs: time — that will provide optimum yields.
For this resson’it is ofien desirzile fo segregato the hydrocarbons as
individuals or small grou‘os. -¥oT zzample, if it is desired to decompose -

g, then any butane, pentane, or other
should Tte removed. Thess hosvier

e products under conditions suitadle
ne and ethane would resct very
uents to decrease the extent of

ce TJTD""?;EII

propeme thermally 0 p‘o

acompounds rezct o proauce aniesizzh
for propsne. On the other hard, ==t
-litile, and would serve largely = i
the pronand decomposition,

-+ Chart IV gives in some deizil the ralatlonsmm Datween variocus
ea,ctlons that may Ye applied to z<hane. o a.ttem"ot is made %5 show the
echenism of the reactions indissizj - simply the over—sll results. The
+} sign before 2 product nsme mzz=3 that the product is =dded, =nd the
-) sign means that the product iz romoved. Text books on organic

emistry describe the- conditiozs —=der which such resctions will oceur,
‘The chart is by no means complets =ud ig presented only to illustrate

he types of I‘e;cumn possible iz iZs synthesis of products from £zseous
drocarbons.

tl} m

Bl

:-::il‘t _v'

) Chart V ghould be used for rzTirence in studying cherts Vi to X, as
b indicates the significance of 323 several "boxes, " brackets, and types
f lettering used in tnem In cke= V the ferms used have thes following

Preferred sgurce.~ Mot nees
Eactlng most easily or with th“ k

¢

Direct use.—~ A use, (1} in ¥=*71 no chemical change occizrs in the
as when 1t is uged = :lvent or anesthetic; or, (2) wlen

ce is u.amzﬂeuelf r_es:'t'.'i,- as when ussd for fugls The direct
Ses of sec\’wdar} oroduc s &rs ir~"zzted in bracizebs.

0w
i
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Secondary product.- 4 product nmad

names end uses of secondery products and th
in parentheses.

Charts VI - IX, ‘

Charts VI, VII, VIII, and IX show the davel
from the primary products obiained Ly the applic
of hydracarbon conversicn. shown in chart III. Spsce does not permit pa
all secondary products. Tor example, ons compeny 1liste about 85 organig
Chemicals, of whick they say:. "In producing all those chemicals, olefings
derived by processing natural gas are vsed either directly or indirectis
as raw materials and in most cases as the most important raw material
Willizms shows a chart of 71 products thst can te made, beginning wit

Just one olefin, isobutylene. & company manufacturing nitraetion produc
-lists SY derivatives as an incomplete list of those that can be made -
availsble easily. These date show the inpracticability of listing 211-thg
-products, and indicats tha magnitude of the indu$try bveing built with
natural gas as a raw meterial. It ghould be mentioned that a well-eg-
tablished group of organic compounds also is being prepared from the
bentanes, which are not constituents of "ary® or MliguefiedM natural 288,
They ara present, howevsr, in n

orrent of chemical synty
etion of the four methe

atural zasoline.

Chart X.

Certain constituents of nstural Zas are not hydrocarbons and usuvelly
are present in relztively smell smounbs. Some of these materials, such
as helium, are . valuabls even wien present only to the extent of 2 few

h as hydrogen salfide, are a source of trouble and.

percent. - Others, suc

must be removed even when they are present in smail gquentities. Hydrogen
sulfide is an example of one of the generally objszctionable nonhydrocarbon
gnses, which may tecome valusbls when it

is removed from the other com—
ponents of natural zes and converted into useful products.

Some natural gazes hive 2. compasition of nearly 100 percent carbon
dioxide. Carbon dioxide from this sowce may be of value if the wells
from which it is rroduced azre geographically situested so that the gas
mey be utilized economically.. So far, no ecoromic use for nitrogen in-
natural gas has been daveloped. -
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Much of the informztion contained.in thig circular was obtained
directly from companies in the petrolsum znd chemical industries in
rele to requests for data relating to hydrocarbon utilization. The re-
gonse to these “bouosts was gratifying, and the writer is plessed to
aoknowledge his indebiedness to 211 who contripvutede

The writer is also porticularly appreciztive of the Cr1t101s ms of
e paper by members of the Petroleum Division both a2t Bartlesville and
the other stations and field offices, by members of petroleun cowpany
Jaboratories, by Dr. H, B. Hass, heed of the Deportment of Chemistry at
Purdue University, Lafeyetite, Ind., and J. C. Walker, general superin—
endent, Chemical Division, Cities Service 0il Co., Bartlesville, Oxlez. .
The charts were drawn by Ralph Wright and ?usse11 ﬁlm_elrlbnt of the

Bartlesville Station. ,

General

- BROCKS, BEN JAHIN T. * Synthetic Organic Chémicals from Petroleum ~ An
' Amerlcan Deve;opme-t. Ind. Engz. Chem., Ind. Bd., vol. 31, No. 5,
May 1939, »p. 515-B19. -

_ELLIS, CARLETCN. The Chemistry of troleun Deriv atlwes. Hew York,
vols I, 193k, 1285 ppe; vol. II, 1937, 1’04 ope- - ‘

FROLICH, P.K. Chemical Trends in the Pe*rolgum Industry: Ind. Eng.
Chem., vol. 30, Auzust 1938, mp. 913-9/L.

FROLICH, P.X. and VWIEZEVICH, P.J. Chemical Utilization of Natural and
Rnfiqera Gasese Ind. Eng. Chem., Ind. Zd., vol. 24, .Wo. 1, January
1932, pp. 13-17. |

MORRELL, JACQUE, Developments in Hydrocarbon Chemistry. 0il and Gas
JOU.I‘., vol. j?, I‘cuo )-i-}—]-’ MEI- 16 19)9! PP' jTO_“"’Q 59! 37—58'
¥ e

e

WHITMORE, F.G. Ovrgenic Chemistry; D, van Hostrand Cb., New Yori, 1937,
1080 pp. '

WILLIAMS B. C. Cre:ting n"us+r1°s, 1915~1939 - Petroleum. Chem. Ind.,
vol. Ui, No. 5, Moy 1939, 2. H95. -

-

hermal and Cstslyvtic TDecomoosition

3

DUNSTAN, A.E., HAGUE, F.N., and VHEELER, R, V. Thermsal, Treatment of
‘Gaseous Hydrocarbons. I. Laboratory-Scale Jperation. Ind. Eng.
Chem., Ind. Ed., vol. 25, No. 3, Merch 1934, pp. 3Q7-314

Reactions of Pure Eydrocarbens. ¥New York, 1937.

» CARLETON. See rveference 2.
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-

11, FREY, ¥.E, Pyrolysis of Saturated Eydrocarbons, Ind.:Eng; Chem.,'Iﬁd
Bd., vol. 25,-Wo. 2, Februsry 1934, rr. 198-203, :

12. FREY F. B:, AND HUPPKE, ¥. ¥.
Propane, and the Butanes.
January 1933, pp. 5h-5g,

Bquilibrium Dehydrogenation of Ethane
Ind. Eng. Chems, Ind. Ed., vol. 25, ¥,

13« FROLICH, P. K., AID WIRZEZVICH, 5. J, Cracking and Polymerization e
LOW—MélecularfWeight Eydrocarvons, Ind, Zng. Cher., Ind., Zd., vol
Ko. 9, September 1935, ppe 1055-1062. . . . -

-

.. Polvmerization and 41wvlation

1% 3BIRCH, S.°F., DUNsTay, AJE., FIDLER, F.iv, PIM, F.B., 4D TATT, 4,
Octane Isoparaffinic Fuels. Ing, Eng. Chem.j Indy Bd., vol. 31,-No,
July 1939, pp. 88lgo1, _— S o

15+ ELLIS, CARLETON. Sec reference 2,

16. FREY, ¥. B., AWD 9P, J.
Hydrocarbons. - Inc, %
19364 poe 1439-704s5,

g8 NoncatalytiQ;AdditionAOf E

thylens to Papaps
ng._Cheg., Ind. Ed., vol. 28,

Fo. 12, ngember,

17. IPATIEEF, V. N. Catvalytic Polymerization.of Gaseou
Phosphoric Acid. I, Propylene. Ind., Fng, -
No. 9, September 15935, ppe. 1067-1069

s Olefinsfby-Liqul;
Gham,, Ind. Ed., vol. 27

18, ' : _ Catelytic Refining'&ethqu. Cil 2nd Gas Jour.., vols .37
No. 36, Mar. 30, 1939, pp. 36, £3, 91, 93,

19. IPATIEFF,'V. N., ABD'CGRSON, B.B. Ca;é;ytih Polymerization of.GaseouS'
Olefins by Liquid Phosphbric Acid,”  IT. Butylenes.. Ind. Eng. Chen, ,
iy Ind. Ed., vol. 27, No. 9y Septembsr 1935, pp, 1059-1071., ;

3 20, KEITH, F.'C., JR., A0 WizD, g. T The Thermal Conversion of Low
Molecular Weight Hydrocarbons to Motor Fuels. Chem. and Ind., vol. %h
No. 27, July 3, 19%0, pp. 532-538. ~ , o ,

WAGNER, ©

2l. RIDGWAY, C. M., WAGNZR, G. 2., anD SWANSON, H. R
ization. Nat. Petrol News, vol. 28, Fo. 45, o
- '50-52, 5455, -

+ Products of Polymer-
ve %, 1936, pp. L7-us

Hydrosenstion

22. BHCOWN, C. L., 4%D GCHR, =. J. The fydrosenstion of Olefin Polymers
41

for the Manufacture of Hign-Octane-Numbar Fuels. - Proc. Second World
Fetrol. Cong., Paris, 1937, vol. 2, Pp. 285-248,

23s ELLIS, CARLETGE. See reference 2,
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Slle Chlorination

A . ELLIS, CARLETON. See reference 2,

sthane, " o

y Mo, 1,. EASS, Hs B. The Chlorination of mﬁt e and Its Jomolegs. Sci, Petrol,,
vol. L, London, 1938, p 278;L2794.

ion gf o R ! ‘-HASS. H. B., McEEE, Z. AND WEBZER, K PAUL, ‘Syniheses from Natural Gas
s VOls <

-
T,
Hydrocerions, Identit ty of Monocnlorldeq from Chlorination of Simpler
FParaffins, Ind. Eng, Cﬁ W., Ind. Zd., vol. 27, ¥o. 10, October 1635,
pp. 1150-1195. . . . : S .

.

Nitration._

“ELLIS, CARLETONW. = Ses reference 2,

. EASS, H. B., HODCE, 3. 5.. 41D V&J‘““BIL” 3. He Witration of Gaseous
Paraffins, Ind, Ing. Cher., Ind. Bd., wol. 23, Ho. 3, March 1936,
PDs 33534k, . :

Oxidation
(ELLIS CARLZTON. See roforence 2. : A

HMAREK, L. ®., AND Tu?ﬁ, D. A, The Caﬁalyfic Cxid tlon of Organlc Come
pounds in the Vapor. Pnaae. Chemicaleatalo Go » Ine., Hew York,
1032 Lj‘bO Ppe , N o ) ’

WIEZEVICH, P. J., A¥D R QLICH
Hydrocarbons at High
Ho. 3, March 193k,

I, P. X. Direct ion of Satursted
ressure. Ind. Bng. Chem., Ind. 4., vol. 25,
Toe 267-276.

Alcohols

BROCKS, AMIN T ic Alcohols snd Relatad Products fram Petro-
terials. Ind. Ange Chem., Ind. Zd., vol. 27,
282y II, Manufactors of Alcohols and dsters:

Glycolg

GE0N.  See reference 2.

cCLURE, H. 3.

Industrial Applications of Glycols. Ind. Eng.
Chen, , Wewe Ta

the
+» vole 17, Fo. 5, ¥ar. 10, 1933, o 1492153,

Ethylene

CARLETON, See reference 2.
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57« LOWY, ALEXaNDIR Shart of Recent t Alinhaty
Chen., News 23,,

vele 10, Jan, 1¢,711

Acetvlene
e

38, FLLIS, CARLATON, Ses refersncs 2.

339. LCwy, ALEXANDER, £ 3 : ¢d from Acetylone,
R ‘ Cnpm Jews Ed,,

riv Ind, 3
ov 10, Yz 20, 1035, r. 156,

Lo, SCLOFT, GUSTAV, Nar
Cracking., Praas

, ; JeCe hutor Fudl Trom:Q
waction by the vatalyitic ® VetoreGas Reaction. Ind, ma:
Cﬂemu, Iﬂdo -J\.«.-, V{Jl' 29, 3.\?00 f":, I'=—‘C:f’ ]9 7' L\f‘ Jj_’:?“‘jf}gl
ul!_. iL] AT o
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3 2y Ppe 1130-131h1,
B3, INDUSTBIAT avp SHGINERRING SHEMIST: VOUSTRIAL X
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EDs 9Du“90
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