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| oy  production of 011 durlng ‘the- early 6ﬂfelopmnt of now’oil fields
sua,_ly _cgomoqmpd. by Iarge @J.am:.tles of naﬁ:ca_.. ‘BaS, Smce zn most 4.1eld.s
anddr nressarg, is’ the maifn soured of- ¥he™ energy causing the 0il to mbdve through
Cinde” the wells a.nd. uhenrﬂ to the surface his: coincidént production -

L. ‘gas wlll contlzro,n as long a8 preﬂenu day produclng mathods are udeds
n..’rally ;.he ugs of tHis gag 18 restrzc-‘ced ‘and markets are not réadily avalla.'ble.
it quentl ) é.la’.f‘ge portz.on of the gas nrod.a.«.cad a.t such- t:.mes is oft‘.en was e,ed.

oing blown fn%o the aii, :itTo

mhn magm’cude of gas Wc«Sue 1s rall broug,ht out in the fo.»lowing s tate-

“GnJy a. few ou’csta 1d1ng ea‘a.-*mles need 'ba cited to show the ENOT~

“mous proquction of gas that o ccompames the discovery of- new sourcess In-

TApril, 1927, the:Ventura - fisld produced npnrox..mauely 210, OOO 000 cubie:

" feet of gzas a day, and during the swimer of 1927 Alamitos T-Eelghts réached

. a peak gas production of 102,000,000 cubic feet a day; on December 1, 1928,

g.s a result of the summertsg dnepe drilling in the Tiong Beach field, “surplis

Sgas’ production amounted ‘o 125, OOO 000 cubic feet a day. It is est:Lmated
that in Jamary, 1929,  the Santa. T Springs fieid will hive a @aily gas

5 roduction of 387,000, OOO cubic feet from the recently discovered Buckbee

0il zone. Of this amoun" 274,000, 600 cubic fest:a day will be the surplus

above the ameunt reguired for ﬂsld. and plant fusl, taken out by whility
comoratlons, and that used in reprassu.rlnb the I{eyer s.:md. whlcn 1168 o

ahove the Buckbee zonef. _ ERETI R

Another 1nstance of a large volme of gas being wasted is founcl in the ,
Murner Valley field of Camada.® Here 250,000,000 cubic foet of gas is being burned
! ‘1y" in flambeaus, as thers. is nc 'oresen’c ‘outlet. for the ga.s except at 'Oronlblt.a.vﬁ
: It is estimated that, $30, OOO 000 to $40,000 OOO Wou..d be required to build -

The Bureau of Mines @il welcome reprmtmg of “ms pager, provided the J.OllOW‘:f
Ang footnote acknowledgment is used:— Y"Reprinted from U. S. Bureau of Mines '
nformation Circular 6388.1

Associate petroleum chemist, Us S Bureau of Mires. |

iiler, H. O., Function of Fatural Gas in the Produchion of 0il: A report of
Sﬂgi Bureau of Mines in cocperation with t.he Amencan P troleum In'stitute, 1929,
- EPe

Hozlett, A, J. Rucky Mountain Producers Visit f"urnr—*r '\Talley, F:Leld. as Guest of
Canad%ggs. Nat. Petrole News, vol. 21, Oc». 2, 1929, pp.’ '?3-'?6.
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a pipe line to Winnepeg,' the nearest industrial center, which 1s more ihgh 800 .
miles distant from the field. 'Bven willi such a-line in operata..on, only a part
of the preseni open flow from this field would be ussd commereially.

These illustrations are typical of the gas loss in oil fields all |
over ‘the :world;:snd within the last few years a %arge a@m’ﬁ-‘oz".tl?o?ght ana »
enginesring effort has beén directed toward finding means of utilizing this gas.
Profita.'bly_. ' . . > 18

ODM! e

One possible method of utilization is in the mamifacture of chemical

products, rand mmch :work has been dore on the various.types of reactions that
might be, of commereial value. Ths reactions offering means. of approach to the
~problem may ibe :divided roughly into three gemeral classes: (1) Controlled.
oxidafion, either with steam, or by oxygen, or by gases containing oxygen;
(2) -ipyrolysis, the breaking wp of the hydrocarbon molecules with heat -and the s
uniting of these parts to form new substances, or, in the exirere, the de composi.
‘tion to carbon and hydrogen; (3) chlorinetion, the replacement by chlorine of

‘more, or less hydrogen in the hydrocarbon molecules. :

AR The .Burean of Mines has been actively studying certain of these res

tions ‘for some time, the purpose being to develop simple znd economical means

for utilizing gas which otherwise would be wasted. The Pittsburgh station has _

been studying ‘the “oxidation processes particularly, and the Bartlesville station

has ‘besnifvestigating the possibilities of Pyrolysis, exclusive of cracking
10 ' 16 :elements carbon and hydrogen.:. . - :

F MANUFACTIIRE NOF rHEVS AL

direct 10

<y photBeme '0f the products which are obtainable by the various reactions ar
~#indicated fid the accompanying chart, the data for which have besn in a large par
obtained {from ‘the literature.. A% present very few:of these products can be
obtainedyor i5 commercial basis by synthesis from natural ‘gas, and in fact some
of ;the ;products have been found only ‘in relatively small smounts in laboratory
experimentss «In jthe present-day 'develop.me_n't, of: chemistry, howeve ry that which
‘is curigus- $0day becomes -commonplace fomorrow, so that in studying the possibili:
ties of sthese ‘various reactions the “chemist makes no apology for ‘considering the
-apparently ingsignificant products that are of minor commercial importance at ;
present. : : :

e

& hrief ‘@escription of the princisle reactions by which natural gas
ey e transformed into other dh@mical‘proﬁucts'follows. The more important
- 8pplication of these products is alse indicated ab the same bims.

- may be

- O'xidatilonl

"Becently there has been mmch interest in the hydro-

genation of oils. An important method of obtalining the necessary
- ‘hydrogen is by the intersction of matural gas and steam at tem-
‘peratures of about 500 (. or lower in the presence of catalysts

such as iron oxide. fThs Products are chiefly hydrogen and

carbon dioxide. The latter is. removed by suitable scrubbing,

ard fairly pure hydrozen is thms’ obtained. Its major uses are

as a reducing agent in the Process industiries; the hydroge~

nation of mineral ang vegetable oils and coal; and the synths tic

production of ammenia, which is widely used as a refrigerant,

— -
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and in the mamfactme of J.e.L t‘:.llzer

Me’ch,.,ne also reacts - with steam abt 90000. (1652°F ) in the presence
5§ suitable ca+a1vsts to give a mixztu “n‘co*zta:.mng ons volume of carbon monoxide
nd three volames o1 h\rdrogen- ‘

~

G?:T_d. + HBO CO + SHB

This mixture of carbon monoxide and Igdroaen (wa. r—gas) is the Dbagis for geveral
catalytic syntheses. (1) - Ab high pressures (50-200 a’ﬁmospheres) and at tem~
poratures of 200 to 400%C.  {B32-7520%.) in the nresemce of suitable catalysts
water gas yislds me $hanol (HF’tﬂyl or wosd a aleohol). HMethanol is used widely as
‘solvent, a denaturant, and an.orgabic 1n’*e~1red1aue in the zormatzon of other -
ompounds.  (2) At atmosmwer.uc prsssm*e in:the.prgsence of" iron or‘cobalt
talysts many comounds Ty e formed,~ Among . them 11qu:td r.,,rdrocarbons and oxy: -
;genaued compounds which céuld:be blended with gasoline. : Lcetone, a valuable *sol-
' émt and mue“medlaue Tor "lluI'DCell'lllOSB ‘iacquers and emlos:wes may be o‘oto,lned

_ Methane, with the preper catalysts and under suitable -conditions of
empera*urﬂ and *3ressu”e may.be oxidized directl; by o Jgan, or oxggen-—con a,ln:l.ng
ses such as air or NOg to .Lormalaeh;yde" LT R S
G“A-i-@g 7@}2{}+H20- o .

rmaldehyde has in recent years become of much importance in the synthesis of
sins such as bakslite. ‘ﬁ"omald.erdrdo &g also & valuable antiseptic.

- PV olwsi‘f"’

Then methane is suogected. to tempen.tures of i, 800 to 2 aOOO‘ﬁ"a it brea.ks
or Mcracks!, At slightly lower temperatures *the parts geunite , ‘bt form new’
‘ucts as they C’.O"’lblllB. The higher r)i,rarocf_,rbon 22568 '~zlso breah up ‘and reunite
ve var:-.ous nrOr,mcts d.:!.f ferent from ths pa.rﬂnt sun.atancesa AT saff:.clently

cuss:s.on of proauctu.on of- I“raro~en by oaldatlon. I s 'nagor tses are as a
7 ng agent in the process industries;: the-hydrogenation of minerzl and vege-
bl 0113 ancl 000.1, a.na the SJIJ. le‘tlc ;_:.roo.uc’mon of ammoma,, which is widely used

~ Other gases ;ormed. in uhe -oyrolvsm O'F‘ r,a‘"ural gas are acetvlene bat-

_ ethylene, pronylene and tutylene. AcetJJ.ene is used in welding and ¢ubtting

= " and may be used to orepare a:c,e’cs.ldeh;c.e, whlcn is furtier used in silvering
I'Ors‘ or in the prelahrau&on of medicinals’ S‘U:Cf.L as cﬂloral a SOOOI‘l“‘lG. ta—

ol eIlt?Ifal com-)os:Ltlon as ﬂemral m‘obur. ﬁ_-.th,;lene has reé.entlJ come :|.nto usge
;n:.ng fmi-&ss. It is also “:Lnd use as an anesthetlc. Bowever, its major

-3 -
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for water—-cooled motors. Ethylene is alsc the basis for a series of Important
lacquer solvents. If desirved; ethyl. alcohol, widely used as a sqlvent and
also in the preperation of other compounds suck as ether, may be prepared from'
ethylene, - -Again by the proper reaction with chlorins, ethylene «chloride is
2 thJ.s is ‘s valuable solvent, especially for fats and essential: oils, - 2§
and 15 also used as an anesthretic. P.ccmylene finds use as an anestheiic, . a.nd N 1

also in the synthesis of isopropyl alcohol, which is being substituted for

ethyl alcohol with good resulis in ceriain-instances. Bui::;rlene is also used
in the 'preparation of certain butyl alcohols which are being used as solvents
1n the chema.cc.l 1ndustrles. _ . :

o Iﬁle pI‘lnc:i.Pal llq‘il“ ds formed in the oyrolys:Ls of hydrocar'bon gases

are 'behzene, ’coluene , and xylene. - Benzene is a valuable product and forms the
'bas:.s of, ma.rry of - ‘our chemlcal ovrocesses, -Thus we obtmln aniling ‘and ths ent:l.“
series “of aniline dyes, and many ex;plos:.ves perfumes, ané medicinals, in
adchtlon benzene is an excellent solvent and a-zt:.lmock motor fuele. ~Toluene :
the - ‘bas:u.s of the fama.l:.ar TeaTs (trmltrltoluol), of ‘dyes, and of saccharln,
a’ Sugar ‘substitute 200 ‘fimes as ‘sweet as sugar. Xylene is s:unllarly used in’
the synthes:.s of dves and other products, and also t0 a 1arge extent as a sol-
vent. :

) B 11&3 resmt:.ng from ‘05;‘1'01‘[813 are chlefl,,r napthalene anﬁ. anthr
‘dare Naohtha,lehe is'well known as an insecticide in the form of moth 'balls.

It is 2lso the basis for the important indigo dyes. Anthracene is used in the
synthesis of e2lizarin dyestuffs. Finally, under certain conditions of craclung

we obtain carbon black, widely used in meking ink, ‘compounding rubber, and as a
plgment for ‘paint..

SRa s - Mhl orination

Chlor:n.na.tlon is egenerally a:oplled. to methare, although the other gase
may be cn}.or:.na,ted.‘ From methare four products may be made: Methyl chloride, .
‘mudh used - refng@rant, methylene chloride, a sclvent; chlorozorm, a gensral
anasthetlc, 'solvent “and-intermediate in the forma ion of other compounds, carbe;

tetrachlorlde, an solvent used in ‘flre extlnguis‘}ers e.ncl medmlnally :|.n conba.tt
ing’the "hook: WOrm. : 7 Co .

In conclusmn 1t should. be po:mted out that even if thm technical
difficulties’ attendant “Gponthe commrclal production of the various products .
mentioned are solved “the ‘économic side of the problem- should receive serions’
considerations : S:ane however, ‘the raw material under cons:.deratlon is virtuall;
a waste product,? “any retu.rn “however sm.,ll -would be profitable and an aid to
- conservation’of: éur nz-ttural résources.- Moreover, ‘it has happened many “times 1:1
the devslopment of the chemieal industrles ‘that the large production of a chemi:
cal product at an attractive pr:.ce has stimidated its uses For exarmale, benzene
which at present is %00 hlr-v'h :Ln'prlce for' wﬁespread Gise as an antiknock medium
in motor fuel, would undoubteuly e - attractlve to many refineries 4Af available
a2t z more moderate cost. “Fifally, most of these _processes, while’ tney may
a:opea.r sm'ole “on paper, proha‘bly will zot be rea@* for .general use foi ‘several
years, as’ there sare “many techmcal difs 1cu1tles ‘to be solved before comerclal
application is feasn.ble. Chen” the p::ocessas ‘are ready for cormnerca.a,l use zﬁany
of - the prasent keconom:l.c h1ndrances may nave d:.sa_ppeared. But, regardless of

837 . - LR pee -4
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onomic considerations the study of these reactions involving the unse of natural
s is of imoortance both at pressnid ard for the future, for as mentioned pre-
ously, that which is a chemicel cariosliy todzy becomes the commorplace and
orta_.nt cremical tomoroow.



