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abually’ involved as a Tirgt-step hydrogenation .of carbon or formation of
hydrogenﬂcarbcnfproducts_similar*tq those already present in natural gas

or easily derived friém petroleum. It was soon recognized that petroleunm

and. natural-gas nydrocarbong offer rav materials suitable in their criginal
form, or after rearrangement to_neW leecu;ar-structure,.for use In synthesis
of chemical products. Further steps in the production of synthetic organic
chemicals involve.the addition or substitution of other elements such ag
oxygen, chlorine, nitrogen, or sulfur to the hydrbcarbon'structu:e;‘ Typical
methods for rearranging the hydrocarbon molecule and for converting it into
other products are shown ang defined in chert L,

v Probebly the most important msthod;uéed‘for-converting Petrolewn hydrc-
carbons torotherjcompoundS'isrdecomposition eiTected by Pyrolysis, catalysis,
brfelectric:ﬁischarge.x'Decomposition.as used ‘here also,includes,;in-many
instances, subsequent recombination of primary products inko. nevw compotnde,

ehydrogenation ang hydrogenation, alkylaticn, polymerization,'isomerization;
deéulfurization, gnd cyclization and arcmatization all ray be censidered as
jpecial cages of'ccntrolledﬂdeCOEPOSition or decompesition ana recombination.
mé fethods of oxidation, halogenation, nitration, sulfurization, and ami-

tien involve preliminsry decomposition of saturated hydrocarbens to ole-
fing and recombination with the 2ddeg elements... = . S

Dectmposition, oxidation, helegenation, nitration; and sulfurization
are:Turther discussed with the charts showing products obtained by ‘use-of
joirespective methods, Many of the profucts showil cn thess chartg-are ’
re of a seecond series of reactionsfor~ccnvefsicns'usiﬁg'the'primary
ducts zg starting materials. Some typical evamples of such reactions
shown in chart 4, and the Tollowing deserve specizl mentilon: Alky-
bion and hydrogenation have besen of especial importance in the production
high anti-imock blending agents for aviatiCn-gaSbliﬁe;?isomérizétion hasg
0 Used extensively to convert n-tutane or n-pentaine to isobutane or iso-
el Tor use in alkylaticn and in'aviation gasoline. 'Seléctive and non-
Lective polymerizaticn is used in the manufacture of intermediates For
agtica and synthetic rubbers as well ag in maxing motor fuels and lubri-
scdesulfurization 15 often a nécegenry process-ingtha;produétion of
201 Pusls s dehydrogenation {and somébines polymerization) togethor with
JCliration and eromatization ig used in the rreduction of aromaties ang
¢ ccmpounds, The develcpment of Processss using these conversion
tQOGS'received mach congideration before:andﬁduringithe recent wér, and
Poesses developed are nov being adapﬁed‘thpcacetime*nééés;-" R

gt

It hes been mentioned already that coal, potroleun, agricultural prod- -
8nd-other carbonaceous materials may‘be?used‘interchangethylas raw

?-1or hydrocarbon synthesis and manufasture of chemicals. . Hydro-

ynthesis and production of chemicals from matorials other thap
_UQ-§§S been used in.Geérmery and in CUr own country as a wartime

Lquid fuels, lubricants, materialg for synthotic rubber, and a

O of  crganic chcmicalS'Worenprcduced~ianermaﬁyifrémfﬁoal {or

C2308 natural gas), ST N -

‘ Ces ng coal or coke ag raw material are the produc-
U carpide for converaion into acetylene, the hydrogenation of

...D..
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coal to produ e gaseous and licuid hydrocarbons, and the Fischer-Tropsch ¢
synthes;s, which involves a pricr oxidation of coal or other cagoonaCeou
. material w1th oxygen cr steam. Natural gés may be used. in this process
“instead of coal and this application has received ruch interest 1"c—;-cen-t,]_sr_
It is dlSPussed fiurther with the chart showing proguots obtained by Oxﬂda*
tion (chart 8). Similarly, acetylene is produced alsc by decompogition qf
. natural gas or’ gas from.coal hydrogenatlon and 1s dlSCUSSed further Wlth?
charv T o .

Chart 5

‘Grhart -5 .shows diagrammatically the preduction of butadiens by severa,
- possgible methods neing soue .of - the possible raw materials.  The chart il
Jugtrates the diverse routes by which a desireéed organie -chemical may be
obtained. - Econonic consideraticns involved.usuaily detsrmine the chqic§
of raw materials ard routs. . Butadiene for .symthetis rubber was prodiced
from coal in Germany during.the wer, wherezs in Americe it wad made on &n)
extensive scale from ethyl dlcchol, which was cbtdined from egricultural’
sources or from petroleum; also, directly from petroleum hydrocarbens,
chiefly Tfrom butylenes and butanes. . The choice of starting material inm:
each instance was determined by the &vailability and need Tor the sever
types of materials, In Germany, coal was the initial raw material, but

actval butadiene production wag mainly from byproduct gasss obtalned in-
the byaroﬁenatﬂon of ‘coal... These gases were converteéd into acetylene an
ethylene by means of the electric- arc, and the aceiylens was converted *,
acstaldehyde and then te butaalene by tue aldol route. ' '

Char 6
. Chart G_Should bc uged for leference in- studylng charts 7 to 12, ag
it indicates the significance of the soveral . "boxes," brackets, and type
of lotte?lng used in them, - In:chart 6 tha terms usud have the- ¢ollow1ng
meanings: X

Primary. product. - A product obtaincd dir octly b the appllcatlon of';
the bagic mothod cf convermlon 1ndlcatcd in. the t1tle o* the 1nd*v1dualn
chart.

»

!,.. Pre¢erred source.. - Not ncuessarily thc only scurce, buu thse materlgl
reacting most casily.or with the ‘best yiclds relgtive to other natural- -gas
hydrocavbons (see remarks undor "Charte 7 to 11 - Gcnbwal“)

Dlrect USC, = A use (a) in »hﬂch no chemlcal ‘chatige ‘odours in’ the
substancc, . as. when it is.used ag & solvent or. anesthetic, or (b) when th z
substanco is completcly. destroyod as wnen used for ﬁuul Tho derCt uer
off sccondawy pveaucts are. 1ndlcated in bwackots.

Seconaa?J broduct. - A pwodvct made Trom.the pTlEﬂPV product " Cormon
names of sccondary productc and their derivatives are indicated in parenth
sis, Direct uscs are shown in brackets.

1k50
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CHART 7

PRODUCTS OBTAINABLE FROM NATURAL GAS BY DECOMPOSITION

THERMAL - CATALYTIC -ELECTRIC

GASES

HYDROGEN ACETYLENE ETHYLENE
Hz GeHe . . Crbig
Methare &nd Hawder Hydrocaroons Tethane, T inana Mothane, Cihans . Propane, Sutsee,

Heavier Thpeirocmcbens

F:J!_E_“. Nr:é:"":?_ [ W-W'r';* W‘-*:E"::‘-“'f Lampfitler :_U&I;M:: fr-"'-"e & waiding FUEL for cudting & wiiing - ANESTHETIC - REFRGLRANT * ACCELTRATOR for pist growts & fouit ripening
0 ekl
NIZATION g NABHTRINE, e ETr THE WALIDES (CHART %7
CESULTRIATON > e A ATIN ALASENT ASTERLOCIEE (oo B REENE A ar R e Ton T e ETNLIE SIS eyt sy, sthansiamines,
Anacmis L eefrigerant, ferti yer )y rirrie ac QEETIC ARID mnd ANHYDRIDL LGHART 8) CETYLENE (Twis cuke Datyl mleohol, coamatic ba:
mmmoniin i eate ;z.p\n < and fo ) ACETONE [SHART &) i & or & wvimtion geusting] FORMALSE AT OE CereT B
Ebling PN g dtriiving uncck:rnhra, ACETYLEND P";tfn";é":gm Dlech )L THES CHART) AT IR Ea Crrs Crnt) INTERNEDIATES For pl-ahts =na resins
".”J.‘J."ﬁ“i‘i.’:ﬂ;’:;‘ pharicl R 25 ASETns SRS SRR, ey s SRR
T DTOCHLORIE ACID | AW DS ey NE Ceyrbatic. rubpar intarmedineg) BUT¥LINE (Thrs CHARTY NESHERANE [ bign #nfi-kneck, meter Suel]
HYDROCYANIE ATID BT ATNE (TS cwATT) DUSOPROPYL [ high anti-wosck meter fuet] CXALIC ATID
anwmnm'r!-b SRAL PWOU‘-T% ETHYL ALCOMOL LSraAY 2 POLYMERS of £ THVLERE { tynthetic rubhecs
Fust L Aramatics, fi Fomae AR BILTIOE femaRT 1) TOYEBEREENE, sy GTr0s cmer) 200 plastiea, lobrioants mnd Aaanives ),
NORBRENATED. PETAOLEN  PROmICTS THIQEHE CCHART 1) ETHTL ETHCR Tancsiner sk |
[wvinticn gascline, muur{u;ss and lubricans] VINVL ACLYYLENE, chioroprere [ rumotr ETHYL HA\.ﬁl:cs Em.-r \.!D)ca {enrnT 8] :'Yﬁr_ng(-rn.s TR
HYDROSENATED VEGETRBLL Giv ore : EITL IrReARTAR (ChaRT 1 TOUITNE CTHIS CRART!
fate for cooking o A O, mra YL CTIADUFURIC ACID and DIETHYLSW AL VINYL ana NINVLIODNE CHLGRIOE, textias
Tor_nylon-typs plewrian Teror! nioring i e and plantics
INTERMEDIATES A ACETATL, plastics and rasing oy -
BYNTHLYE GA% far Fisched - Tropsch proctaa E;:\‘Ytr_m“: ;:m;ﬁn:{:?g.c?ﬁ*ﬂ:mn (]
=i . imsac;
sotvant], disamna (elyi intarmasiahe, 2o
AT et \dm{m\uenﬂ.nmzu et
mcryhonitri 7 7
Einane Gy { ot s
2iye aetlotves T plamti e
Scid, meth .u-,u-n[p.“m intere
e Lanewbe:
FROPYLENE BUTYLENE ISOBUTYLENE BUTADIENE
CHyCHOH, CHaCHUHCHy or CHeCHCH CH {CH3) CHCH, CHCHCHCH,
Fropanc, Balne, Heovier Mydrosartons Trtane, Mesvier Hydrocarbans isobutans , Buthne  Heavier Mydiotarbons Erane . Propene, Sutsns,

Heavier Myoiroaers o,

FUCL - ANCSTRE TIC
ALRYLATL [roetor ond _swishion gemeine ] ACETYLLHL nd DERWATIVES

= BUTADIENT  SulFoNCS
ALLYL ALCORGE, , xrolmn e aliyl ngv—wu.u“ ARTLATLS [inatar wnd v maatine ] rator and aviation gazating] MALBGEN D]
o Tpisstica], amiiyle ARTATIE ang G Eni baMPeTias asis for pmteteym} SRane SASLS. vulcammtion sccewrators
ALY, IR, aiyaeret, sytprepane and BUTADIENE. {THIS CHARY ) Xy POLYMERIZATION ano CONDENSATION. PRODUCTS,
ALY AL S

3ec - BUTYL ALCOMG, (cruwr o) BUTADIERL (THIS CaraT) opateris rovee, plastics and meting, vareisn
AROMATIC and CYELIE CH YL ILOROHYORINE {solvents], butylene BUTYLTHE (THIS GHART! and varmish o
anm-ru WETONE and CARBINGL tmmn-sl B0 Gerwertives torr BUTYL ALCONOL [CWART &)
SOPROEYI ETHER [arti- itk composrd., EoTYL WMERCARTAMI (CHART 11) fers BUTYLPHINEL , resin

A
o DLRIVAT IVES DAYBOBLIT YLINE , \iosctane
LRIVATIVES (CHART 31 CTHYLLNE ard Dm WATIVES
TERMEDIATED for plenties and rasns INTERMEDIATES for plastics end resing
YLEKE (THIS THARTY JSORLTYLENE cm_unn vus.w Sonatycic g
METHIL ETHYL HETONE [ sehmnt, cowasing or prisieey Tore ohyenl
Ry HM.IDLS(:HP.RT £l

ISOSUTYL MERCAPTANS {CHART 1Y

Sotuen
HALOELN \:vtnwm'wr.-s {feHant =) pm:-g\em Givesl
BITERMEDIATCS for plastics ans ~e
TN T £orvainty amemieal mhermadiere]

|wn.upn. ACTTATE [mokven:

A9 1 PREOYL ALLOMOL (CIART 8)
ety NEENE {CUMENE faviation gasaine] 3 COMPOINDS (CHRRT W)
i:voPRerL \-m.mr.st NE kit

HALLYL ALCOMOL. plasties,
L MERCAPTAND (CHART 1) METHALLYL CrHLOMBE {furigant ), methyl ghyccrol
PU_YMERB = wwwv.cnni.vm-w 1 ganelive Tk - NITRD COMPAUNDE (CHART 183
it PELYMERS [lubricant padizhen, ruboer subaii-
PAR~LENE SHLGROMYTRING [sonern, ayestore Taten, butyl Fubeer]
"o dtarmediste}, atatone, isonrosy scotate

300 Etber, propyine Siyeel snd aerhatives,
Poopyie:
TRRTRAT Trigh am-hnotk, metor ey

LIQUIDS
i |

BENZENE TOLUENE OTHER CYCLIC COMPOUNDS-
CYCLOPARAFFINS
Cete Cefatrs CYCLOOLEFINS !

£ thmne, Propanc, Butane, Ethars, Propase , Butene,
avior vigeric o i Hewvier Hydro:atnees INDENE S
5QL\.'ENT‘ on.u:wr CLCANENG RGLHT mv:n‘r Dlwr_h'l’ CIEANSING mGLNT - STYRENE
METOR
T amznln:s‘ Toluene. (THIS CRART), Styrent Bf.hZYL mu_m:s. :-nanldghydz. prrrov XYLENE 8 OTHER
emz,-u.ncnvn: BrfiBsptic, SraMAiE synthests wnd ntermedigien
st e Gt gt Homies i Fraene iy INTERMEDIATLS o cyestufls and prarmaceuticn, ALKYL BENZENES
e =, planties, pharmaceticus] NETELEYELON pokate] |
BERTNT ML DM AU, lara o waziven NITROTOLIENES [ high sapiesres, tiitressloene . . o
CHICRSSCKTINCS st BENTENT AALIDES TR * - Kmsural G, Hewvier Hydrocartons
nd pharmacecticnt inter - TOLUENE SULFONIC ARIDS, tohiene darivatives, BT TS e
eryltrichiorocthane, ATAGEHTS for cyea=fY and aiher argarie syntheses
LR ATE L T eymAtetic rubber potythmrs,
5 motor fumi] PaSTicE, Ana resita, | Styrene fo & :clgn\_ymr
i 5 with butadi e ruober, a
z i ,ch:':u m-n] Acrylic meid oo P"‘:‘ﬂ‘.‘/’m e ,
Maf;-: ARV DRIDE. Al resing

NITRORNIENES {atves], arometic srires

T e T o rsan inei]. raatica
i, SIS REIS L mter meciBle For ngie.
type plastics]

: SOLIDS

CigFlia <
Maturas Gan LT Netural Gas !
- mac:m:ml
i balocScar ALIZARTY GvES ACTIATED CARBON
e BTN, NTERMCoTES TNTERMLOATES for cyestuffs and prarosceaiosis BRIGULITES
r}m-esl:m‘r:u TATHTHALEHE nu‘ AN waxea] CARBIM BLACK. by (8] £hbnoe! Processa il furnace.
i RAPATHALENE SULFGHIE ACID, el £33, () Thermsl decomponil Sy
PHTEALE ACID bnd ANHVERE - satere. alkyd ingredinet used It Fubber umlpn.lnﬁinq ang
reina automative, 1ire manufachueiog , Foment T ik
TETRASS DLCAHYORSNAPHTHALENES [2owinta] T B togrediemt i impuialide Janpesttions, H
ALRYLATED NARHTHAL EHES [ Toa] Siestesses, eameis 8od tmaostel o H
[Rears wd sstios, lubritants, T awa Ceram- :
REAGENT in gheel procasning




Chart 7 to 11 {General)

ln preparing charts T to 11, products shown. ag derlvatlves of a partic-

hydrocarbon are not necessar113 produced im commercial pract1ce from
hau PJ¢TOC&£DOH or from & hydrocarbon as the criginal raw material. They
includ=d, however, a8 tpey uould be bro uced as shown 1f desirable to
80, :

. Examples GF compounde of thls type dre the “““eons," which are shown
a3, gecondary products obtainable from.nataral-gas hydrocarbons by helo-
ggnatlﬂn. These refrigerants are produced commercially, according to best

ilable information, from carbon tetrachloride or other compounds derived

Gm nonhydrocarbon raw materials, Data on raw materials actually used in
mmercial. production of s"niheulc chemleals are not revealed by mahy

u;acturers.- : o e

Sn ce. does hot permlt naming aTl posgible” derlvatlves or secondary
roducts. - For: example, ofie company lists -85 organlc chemicals, of ﬁhlch
Eey says "In producing all these chemrcals, olefins derived bJ processing

natural gas are:used either directly or 1na1reutly ag rav material.’ ' Dis-
ure of .sclentific information Trom.enemJ sources since the recent war ..
Shou that Germen teckhmicians produced 37 or more chemrcal products fronm
ce?ylene. - An- American company menufacturing nitration products from
snatural-sas hydrocarbons lists 5h derivatives as an incomplete lisgt of
e that can be made available, A hendbock show1ng uses and appllcatlons
ﬁhemlcals shows butyl alcchol as a reagent in makrng 122 dlfferent com-
g@unds. These date show the impracticability of llstlng all productes and
e the posslbrlltles oft chemical producticn with natural gas as a
erlal The use of heavier petroleun hydrocarbeons, whlch are non-
feous under ordinary conditions, as initial materials for chemical producF
also should te conelderce.' ‘ o y L - o

. Ghert 7

- The decomposition of natural-gas hydrocarbens into sﬁaTIef reactive.
lcs (prlmarv Produy cts) which may recombine during the operation to
}arger hydrocarben molecules, either aliphatic or cyclic, or which
© separated and uellmzed as 1reermsd13te vroduceo 1n the producticn

.Tﬂese primary products umually are more
to cherlcal manlnulatlon than tne orlgrnar molecules.

(pyrol&tlo), thermal catarytlc, and*elecirical methods are
essfully to the decompesition of potroleum and natural-gids
The first. two of these have found greatest application. The
-2rc has been reported o have been uged suceessfully For decomposi-
Of  natural-gas hydrocarbons; it wes used in Germany during the war Tor

educticn of acctylene from natural gas or from byproduct gas from coal
1ation. ‘ . ‘ - S

lmary p“odacts from.natural gaq decompooltion showvn in chart T do
.ldO allphatlc hydrocarbens containing more then four carbon atoms
88 commion homologues of acetylenhe or butadiens “that ray be formed.

~T-
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Becauge of the attention given to some of these primary products in Tece
Tryears, more individual mention is deserved than can be given in the char

Hydrogen is produced from netural gas by thermal decomposition Wit
congurrent production of carboh black. Another process for productiod g
hydrogen from natural gas (by reaction with steam) is shown in the nexy
chart (chert 8) and discussed in the accompenying discussion, Both of,

: these.methods .are used extensively for the production of hydrogen for iy
in the hydrogenation of oils, in the manufactire of .amonia, and Tor ‘oth
- 1ses. i , L i

.= . The production and chemistry of acetylene received much attention
long.before methods were evolved for its produttion from natural-gas hy
carbons. Although acetylene presents some mechanical difficulty in hanall
because of its tendency to explode under pressure, its use in chemicgl
thesis has attained a position of importance in American synthetic pro
It is used as the basis for the manufacture of 'z number of commercial iy
ucts and was used widely in Gerwany for production of chemicals needed’
throughowt .the war. Ordinerily; acetylene 1s produced for commercial
~from nophydrocarbon materials, but has been obtained from nstural-gas
hydrocarbons. vy thermal decompositidn or by use of electric-arc crack

Ethylene is an importent constituént in refinery gas produced in“ihal
‘renufacture of gasoline from nongdseocus potroleum hydrocerbons., It i
readily- produced by pyrolysis of natural gas, - Propylene, butylene, an
-“-isqrbgtylensuare produced similarly. These unsaturated hydrocarbons ﬁr
of the type known as olefing and form the bagis Foér the mamifacture o
broad series of organic chemjcals, Ethylene, which has been termsd a.
"building block" for organic synthesis, is the starting point for the
ercial production of more than 50 products, ' A correspondingly lergs
ber of products ig obtained from propylene, butylene, and isobutrlens
the wanufacture of aviation fuels and alkylates, these olefins arec of priz
lmportance, The production of butzdiens has been discussed previcusly:
(chart 5), ’ '

Besides heavier aliphatic kydrocarbons, not included separately ir
the chart, that may be formed as the ‘resuit’ of decomposition of natural
' gas hydrocarbons, a group of pycliq'comppuﬁ&s_may_be:formed; which inclix
benzene, toluene,‘xylene,*and'oﬁhar.aromatic.com;ounds.' However, selet
cuts of heavier hydrocarbons from petrgleun used ag fecd stock in cataly
aromatization gives high yields of benzene or toluene, and much of the
toluene needed for vartime demends was obtained by this method.

The use of natwral gas forhthéfproductidn_of carbon black was -ond
its first non-energy uses. Threg methods, imown as the charnel,- thermal
decomposition, and furnace procosses, ére used for the produétion’ of Car
bon black. Fach process yields a profuct of ‘different” tipe ospecially
suited Tor specific uses, Carbon bldck is an esgentisl ingredient in tl
ranuracture of automobile tires and other rubber goods and in the produ
of »paintsg, inks, and other mwaterjals. A type of carbon black known 2

"acetylene black”;ié,produceifby_ﬁhéfelé?tfi;dl'dégpmpésitioﬁ;pf'accﬁyien

150 - e e
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