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THE CYCLIZATION OF HYDROCARBON
MIXTURES.*

Introduction.

Tn. CONVrsion of non-aromatic h¥drocarbons into aromatics within
convenient temperature range constitutes one of the most |mportant
advances in recent hydrocarbon chemisgry.  The process Is attractive not
only for the Productlon of high-octane fuel, but also for the productjon of
pure aromatic hydrocarbons and for many potential uses in analytical
chemistr eBﬁ : .

onsiderable work has been done on the dehydro%enatlon-cycllzatlon
reactions of pure hydrocarbons, hut little has bee gu lished ori the con-
version of hydrocarbon mixtures in this way. In the present work, a pre-
liminary examination of the Tp055|b|I|t1es, ere.is no contributjon to the
%heory of the mechanisms of cyclization reactions, b(L{l'[ some Interesting
acts are disclosed and some potentialities of the dehydrogenation cycliza-

'[IOE pr‘ch]ss are indicated. o, i :

y“t ermal and “ catalytjc ” aromatizatjon two dlf,ferené rOCesses
are understood. In the first"the nature of the aromatic hydrocarbons
prodyced depends on the temPeratu,re, and in the second, on the catala/st
and the feed. . The thermal aromatizatjon of heptane, for example, wodld
lead to an equmbrl_um,mlxt}Jre (theoretlcglloyg of benzenf and 8t er aroma-
tics, while the cyclization of the'same hydracarbon would produce toluene.

Previous Work.

When the catalytic aromatization of hydrocarbon mixtures is considered,
reactions other than pure dehydro,genatlon-c clization must be expected to
Influence the conversion. For this reason_afomatization |n gene al [s,con-
sidered In the I|(§era_ture review below. There [s gonmder ble Rubllshed
work on the production of aromatics from other hydrocarbons, and only a
selection is indicated here.

Aromatics from Unsaturateds.

In 1931 Mailhe an&i Renaudie 1 heated mixed amygenes ug to 670° C.
for several_hours, and_obtained aromatics in the product, together wit
some tar. _ Taylor and Turkevich 2converted various hranched and straight-
chain defines’into mixtures containing aromatics using chromium sesqui-
omdegelattemperatures ranging from400° to 475° C. ~ Various defines and
paraffins were converted into aromatics by, Grosse, Morrell, and Mattox s :
octane was converted into @ mixture containing aromatics at temperatures
of 450-700° and contact times of 0-1-10 seconds over catalysts such as

* Paper received 24th June, 1942.
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c M VT on activated aIumrna Cyclic defines have heen converted
into aromatri gvarrous workers,4-56 and some simple cyclrc drolefrnes
Were simi arg onverted --s.o using Pd catalyst in"both’ cases. Usin
|dwasser and Taylor 1o investigated the aromatization 0
he%ane he tene nd hexene |somerf

e ro ccrzatron Involves dehydrogenation, and a useful
summary, of the I|terature on catalytic dehydrogénation of hydrocarbons
IS gIven”in the Twelfth Report of the Committee on Catalysis (NeW YOrK,

1940),

Paraffms to Aromatics.

gloffu reported as early as 1916 the conversion of hexane into tquene
an ot er aromatics using a stee tube at temperatures from 450
%25 C. More recen Lvth U.0.P. workers 3-12 ave converted hexane :
eptane jnto aromatics and unsaturateds over oxides of Cr, Mo, Ti on alu-
mina and over Crz()asqel the products An manv cases containing more tharé
50 per cent, aromatics.  Moldavski and co- W? ker513converte octane
heptane jnfo aromatics usi nﬁ CrzOggﬁ nd also z(nc oxide.

n their rather comFre ensive wo ese wor ers showed that n octane
Bassed over Cr3 gel at 400° C. produced mainly o-xylene and ey
enzene]gether th?omem and p-xyl ne Dno u | was converﬁd
Into J) ene, and buty benzene co vert o naphthaleng under srmljar
conditions Conv(ersron 0SSes were oun the 0 ero 50 ger cent
voumsofthe order of only 20 c.c. were used Their general 3onclusrons
were tha (Pcredase In the contact ti ern%reases aromatic a decreases
unsaturate rocar bons In the progducts from para] fins, whi enag enes
Pro duced are eg/lrgrbe Other cata sts used for the conversion of octane
ncluded T102 Ma02 on charcoal, MoS2, carbon on |ron turnings 14 and
nrckeI on zrnchoxrde15 F%r the aromﬁtréatron of th% ecanes ch omrum

orus and chronilum-molybdenum 16 have been use

rto avor carhon formation, whrch IS likely to accomP n v
%enatron at the h| er reaction temperatures when using nicke tay%e

has been. su % ted In a recent patentiz that the r actron s
carrred outint Presence of steam'in a chromrum steel tube.
Taylor and Jovis found that Cu- M catalysts are less active than Ni
for carbon-carbon bond splitting in dehydrogenation-cyclization reactions.

Naphthenes to Aromatics.

nvcfoHexane has been converted into benzene over various catalysts at
temperatures var g rom 190° C. t0 540° C. Moldavski and co-workers 1
e ?TIO 002 on ch rcoal, Mo ? active charcoal and carbo on
lron; Baandrnlsuse Nronaumlnaan aterioalumina alone. Zelins vzo
used IpaI adrum at 300° C to obtarn benzene as earIy as 1911 but recen I
e}ge ared to uene from c\yco exane ysi gN on’A 2& ezen
when Using atrnumm 1936, Iatre Koma ew vzz pro uce
toluene, benzene and methane rom cZohexaneb assrn overnrce
aluminim at 350° C. mrnazaco per 24 and c er-ch omrumz5 ave
also been used successfH Y. Jubhard%showed t Jlt Fe, Cu C ]a
oxides when mixed with a nickel catalyst reduced. its activity for this
conversion, while Zn, Mn, Cr, Ce, Th, ALand Be oxides increased |t Toluene
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has been |(Fent|f|§d as a produ%t from methyl cchohexane] using Al 3 19
and CUz4 rom dimethyl cycZohexane using Cu,2 from etly C Zohexane
usm d& ab and from cfchohe tane usmg Pt on charcoal. . While five-

ered carbon rings olfer great resistance to dehYdrogenatlon rings of
morgtthan six carbon"atoms 0ften undergo ring contraction under similar
conditions

Hydrocarbon Mixtures.

Dehlydro genation and cgchzatlon have been recognized by various
WOrkers as |mgortant processes for the production of im roved motor fuels,
Karzhev and others 16 have aromatlzed Grozny aV|at|on r[%etro Wlth various
cagi sts such Jas gger chromite, chromium, lum-molybdenum

ickel, products containing 80 per cent, aromatlcs being obtained In
Some Cases.

Uranlum titanium and thallium oxides have been used as catal sts in
%he aromatization of kerosene.z  More recently Koch zsI;]aroma Ized a
raction of synthetic gasoline with vanadium 0XIde and chromium oxide
supported ori alumina.

Mechanism of the Reactions involved in Dehydrogenatlon cyclization.

The mechanism of dehydrogenation-cyclization is_still a_hypothetical
matter, but_.some ofthf faCts found by workers ?tud |n%the fundamentals
oft reactlonsmay Iluminate certain technical aspects of the conversion
of non- ammatlc int0.aromatic ?adrocar ons.

Pitkethly and Steiner.2 considering the dehydrogenatlon cyclization of
he tane |ve ewdence sugportlng e|r suqﬂestlon that heptene Is an
|n ermediate ﬁro uet of the reaction only In ense ?]t It |s in equf

briym with t %/drogenated state They shoye at the ara
olefine e V\(ln]nhbnum IS oteta Ished under the conditions of thei egen
ments, which were carried out at 47/5° C. over a dehydrogenation catalyst
and W|thac ntact tlgte 0f 20 + 4 seconds,

Verheus, and Zul ervveg é)exammed a number of hydrocarbons

Eassed over Crz()agfel at 465° C., and concluded that where the |)]/drocarbon
tructure ermltso dlrectformatlon ofa six-membered ring, suc structure
are arom élze to a ar?e extent, but other struc%ures are not apt%rec? 3/
aromatized. In the a omatlzatlon of hédroca on mixtures, therefor
the Rercentage aromatics Pro uf%e drogenation-c %Ilzanon will
donth proportlono para In hY rocarbons with suna e structures.

a lor and Tur evitch2 studied e conversion of various defines,
|ncIu |n? 2-methy entene2 2-gthyl-butene-|, heptene-1, heptene-3,

5-meth X hex neZ%n octene-1, and concluded that the rate of conversion
of olefinic hydrocarbons into aromatics Is initially more ragld than that for
saturated g rocarnons, but that the deterioration in the activity of the
catalyst 1s also more rapid, They suggested that this latter fact is due to
the number of side reactions irvolved and deposition of carbonaceous
material on the catalyst surface.

The Catalysts Used.

The various catalysts which haye been used for the production of aro-
matics from unsaturateds, paraffins and naphthenes are the metals of
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Groy VIII Oo N| Pt and Pd), the transition metals of Grou sVand VI
& é) and U )and the oxides of the transition metash
rousIVVan\/ T|Zr Th, V, Cb, Ta, Cr, Mo, W, and U), either
srn%g or in com binat on Non- metas such as srhca gVeI and activated
n have also been shown to be active for & IS conversion.  Various

carriers have t%?en used andhthas ?en su%greste that carfrers ofan%/ meré
materral are efticient If they have a_large S ace area. Florida earth
similar materials, after tredtment with Water, dilute caustic soda, ammonra
etc., are suggested for use as oarrrer531 or catalg/sts used |n the deh %
%enatron of*unsaturated hydrocarbons. Activated granulated alumina
OWeVer, seems to be recommended by later Amerrcan workers

h ro&esgeso ring closure of Fg-=€ 32para atn oefrrﬁs of cogrse
involve de %rogenatr n. Inthe reactrons stu |ed or pure drocar ons
the proefss as Peen one purel o e enatronc |zat|on mvovrng
essentially ng scrssrono aCC on al some composrtron usoay
occurred.” Since It h een s own t Co and Fe were cata sts
hrch activated theCC ond, Taylor and Turkevrchzsug ested that these
metals are of douptful t%rlrt y Tor maximum _de 8/ rd/ena lon- ca/chzatron
ana, copper was re{ected ecause of the sintering bs ed at apout 400° C
[t 15 worth men |on|ng here, howev%r that Adkin’s catalyst, co
nromrte does not sintér readily at this temperature, and that co er
romite cata gsts appear to be actrve In the a omatization of hydroca on
mixtures.ss On the basis of his own fundamental work on actrvated
adsorPtron where it haq bef]n shown that oao e hydrogenation-d W
genat on catalysts exercise their actrvrtg ert eratures than t e
orresponding metal cataIPrsts and onsrde In e thermod namrca
requrrements & cc ation reaction, T lor_investigated oxide
catalysts. Tur evrch and Taylor zan Howar and Taylor 35 owedthat
the position of chromium es uloxide % for hydrogenatron deh?/dro
gena nreactrons cIarmed b{ zier and“Vaughen s to"he unique sonly
ne of degree. Qf Indjca ed t the actrvated a sorption o
carbonso oxide catalysts |sne |Og e below 300° C., but at |hertem era
tures there 1s definite” evidenc frntera tion between the gases and the
surface. In accordance with their genera theory, these workers considered
thep Sconversron of paraffinic into aromatrc hydrocarbons to involve four

Actrvated adso tron of the pa affr n on go the,surface.
Surface og%na lon | the formation of adsorbed
atrc and a sor e rogen.
Desorptjon of ydro en.
4) Desorption of afomalic.

The rate of conversion of Raraﬁrn Into aromatic would be that of the slow
est of these steps. It was conclyded that chromium sesquioxide, H:)rrncrpa }/
and other oxi ecatah(sts are |deal for cyclization, and that alt oug there
Is no data on the relative adsorption of aromatics and paraffing on the
atalyst surface, J Wﬁs assumedt at the paraffins can compete effectively
or tffe surface With the aromatics.

More recentIK/| Taylor_and Fohrer 5 have found that Cr£)s and to a
smaller extent Mo, Mn, Ce, and V catalysts are poisoned for aromatization
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gydefrnes Two com onent el catalysts of Cr2)swith Cu, Ni, Pd, MnO,
nQ, Mol 2, fS 2, and Sn02were studied for the deheydrogenatron
crzatron of n- heptane The Zr02 and Sn02 catalysts were superior to

Iaavs?o ‘Kamusher, and Kobvrskaya 1" have reported that glass and
srlrca el are inactive, whilst Zrc} d;t 0S2 are active In the
arom trzatron of W-Octane, an have pointed out that catalytic cracking
of the h %er drocarbons can yield either complex aromatics which losé
srde char S or ra ments which join together to form aromatics,

Efficient dehydrogenation-cyclizatio catalysts contarnrng |n order of
ffrcacg oxides, of the rHetaIso GrorrrrPsV JVoand IV ave been eveL é)ed
gGr sse, Morrell, and Mattox, 12 minor Pro ortrons 0 the metas
gosrte on varrous carriers yrmpregnat 1qt e carrier with a solution o
ecomPosabe compound of the ‘mefal. Their results show that at all

contacttmesavana lum- mov denum catalyst is less active than a simple
chromrum catal st, but that the chromrum molé/bdenum and chromrum
vanadium catal sts glve better resy t]sa longer Contact fimes than any of
the srno e meta cat sts.  The triple chromium-vanadium movb e um
catalyst is found to [e even more actrve than the double cata sts I
equal atomic proportions of the promotrnq metals were used |q]eac .Case
—and this ap easﬁo be the most reas?nagewa ofc%mé)arrn eactrvrt
of the various metals—then their results diifer from t eexPecte roma
consideration of the hxgothesrs dye to Griffith,3s who postulated that “ tn
optrmum promoter concentration s a function of the catalyst and not of t

pworh In connection with the Fischer-Tropsch process |nd|cated that
cobalt and allied metals are susceptible to poisoning by sulphur, but co Per
chromrte catal st_has been stabilized against sv har for hy dro en tlon
cata ysts g the incor ? ﬁtron of bariu g enurp trrsu ? Ft
teeir c1a|m as a o(ljesh A urrzattron ydrogenatr n catalyst, an
Its course, is a dehydrogenatjng agen
er Por and eI‘urkevrchyz fognd thagt vgater vapour was strongly adsorhed
on ¢ romrum sesguroxrde gel and was a m rked poison for thé tyclization
reaction, but no difterence’in activity could be detected for heptane Ieft In
contact with water and heptaBe which ha F been drreﬂ using [% ?R orus
entoxrde Water ap ears to eareversrbe poison, whereas ethylene was
ound ho J)orsont ecat t|rrevers| ly.
. Much 0f the pu Irshe ork IS very usef |, but caremust be taken in it
mte( rpretation, asdrfferené apgaratus and different ana( ytical methods sed
ecom arative stud [n the present work; a small part of the
published work was re eated In order to achieve some arbrtrary standard
conditions necessary for a comparative chemical approach.

Thermodynamic Considerations.

As earlg/ as 1931 Frohlich qbserved,ss that thermodynamic considerations
led to th conclusron that all the hydrocarbons are Interrelated in such a
manner that it should be possible to pass from one to another almost at will.

Thermodynamic considerations mdrcate the temrﬁ)erature anq gressure at
which a given reaction can occur to a useful extent, but can, however, be
only a general quide as care must be taken in the Interpretation of thermo-
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dﬁ/namic data because the values of free energy of formation, es ecralla/ at
the higher temperatures, are known accurateﬂ/ for only a very few hydro

(511937 Thomas Egloff, and Morrell 37 collected m ét of tBe work tgat
been done on the thermo namlc properties of hydrocarbons and dis-
cusse the differences between resu Its obtamed from caonmetnc measure
ments and those calculgte frjprfn Ramarh %rn ra-re 'ﬂoect 51 New reeh
ene |9rh %ua ions were enve or Strﬁl t-chain Qara s and olefines wrt
ate in oubebon and usmgt ese, a Rro Imate free- energg vaues

%aculated for drocarbon where other data were non- xrs en
W|t een ues for relevant hydrocarbons at 298" K.
K thus co ecte nous reactrons Involved in cycliz (}Jon have een con
sidered. Thermoaynamics, however, can_give ro indication of the rate
of a reaction, and as this s often the most |m ortant factor, the course of a
reaction 15 not indicated, But such stud Ives Information on the

temperature range n which.to look for
Re metho % dnrnt efo?lowrng ca?cu?atldlns is based on the accepted
relation:
= RTIO0, K s ()
A’-"m
or K .................................... (2)
Where

At = reee er chan
K = %um nt?r)h cons%ant
T = absolute temperature

It is obvious that if Aer= 0,k = 1, if AeTis +ve, « s less than 1, and if
AF e 15 —Ve, « IS greater than 1
When « is greater than 1, the reactron can be said to proceed to a
convenlentexte t—ie., it 'ﬁ germrssr le
aglproérmate linear relationship, within the limits of accuracy of the
free-energy data —
AT = A + B T o (3

I$ assumed for the reactions consrdered A and B are cp Bcalculated using
%eva Ues 0 AP’Tat 298° K and 1000° K. for standard free energies
ormaéron from gra{n hite and hydrogen at atmos neric ressure r the
Individual componants ofareac jon. ~ Equation d IS then, solved, and the
tﬁrrn er tltjrsreC 5?8 azero vaIuefor ar—the neutral equilibrium tempera-
The main assumPtron inthe calcullatlon is, then, that the vratlo]ns of the
free- energ}/] temperature relations Lps from linear are within the errors
Involved In the determination of the free enerl%y values,  Ewell s showed
the sr% nificance of the neutral equlilibrium te perature and pornfted out
tatte free energI)‘/Sl ttemperature relationship IS [inear If the specific heat

ch an Wwith tempgrature'is small. - Consider the fundamental equation for
area |on atT
AFe= At - TASTE s @)
Where AF2 = freg enertt;y change,
AH%— heat content chang
= entropy chang ean

T° = absolu e temperature
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If at T= K_equation (4) represents a reaction, the free energy change
involved at Ti |sg|verg E)y e%uatlon (5) — o £

AFo-”: AH °r + j/\AC/\rJ - TXAAS£+ - ' (5)

Since this factor Acp would be small in the cyclization reaction, the assum
tion of a linear relationship between A+« and temperature is justified, for
If AC_is neglected, equation (5) becomes :

AFE, = AHM - TxX\St e (6)

Usmlg fquatlons, AZ) and (3) and the data c%IIected by Thomas, E%Ioff, and
Morrell. sz many interesting calculatiops of the neutral equilibrium tempera-
ture for vario sre,actlon? at atmosphen% epres,s re have been made, some
ofwhich are given in Table I below, together with the constzint_sA and s In
the equation’A=« = A + BT. The accyracy of the calculations depends
In each case on the factor cp and on the free-energy values.

Where Ace = change in us%e%ific he t,Sat constant P,ressure of 1 atmos hereg.

Table |I.
Neutral
Reaction. ?r(;:qllrl)bl" A. B. Conclusions.
*°c.

1 n-Heptane to toluene, 283 60,700 -109 Reaction “ permis-
CH1I6—~"CM™MH 8+ 4H2 sible ” above

283°C.

2 n-Heptane to n-heptene-1, 610 30,900 - 35 Reaction “ permis-
C,HI6-——~C:HM + h2 sible ” above

610°C.

3 Toluene to naphthalene — 20 + 604 Reaction is not
and (sobutene, 2C7™H 8 “ permissible.”
-—->Cl0H 8+ CjH8

4 Toluene to naphthalene 1,355 142,300 + 87-4 Reaction “ permis-
and elements, 2C,H8 sible ” at very
———CI0H 8+ 4C + 4H2 high tem perature.

5 n-Heptane to naphthalene 199 135,500 -287 Reaction “ permis-
and elements, 2C7H 16 sible ” above
—~mCIH 8 + 4C + 12H, 199°C.

6 n-Heptene-1 to toluene, 129 29,760 - 73-8 Reaction “ permis-
CM™Hu ACTH 8 4 3H2 sible ” above

129° C.

7 Toluene to benzene and 115 9,300 -239 Reaction “ permis-
elements, C,H8—> sible ” above
CgHe + C + H 2 115_°C. .

8 cycZoHexane to benzene 253 49,800 -947 Reaction *“ permis-
and hydrogen, C8& I2 sible ” above

A C8H 84-3H2 253°C.

No calculations of the actual e(I]umbrlum constants at various tempera-
tures _areglve,n above, but these are, of course, Important when con5|der|n%
specific reactions. The reactions with the formation of naphthalene ar:
Interesting, n-beptane being unstable to this compound under the congi-
tions of cyclization reactions. In the present work naphthalene formation
was found to be quite general.
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Results (slmllar to those above Were obtained by Taylor and Turkevich,s

who consicered the simpler possibilities of the decomposition of hexane to
form — " i
araffing ang.define
EI ﬁer ara ins andS h%dro gen.
| er an owr araffing
bon and hydrogen.

efine a 0
S
4 |
romatics (benze (; ﬂdnhydrogen
These workers came to the foIIowmg conclusions : Two paraffins cannot
form her para '”PKt ee|m| ation of a molegule of hydrogen
nte clization 0 exane to enzene the equilibrium 1s completely on
thB side 0 benz ne at ﬁ
e}t qrog ena 1on 0 exane to olefine and cydohexane does not become
recableabelow 521° C,, but such denydr ﬁenatlon even above this

temperature, Is not a serious competitor to the cyclization to_benzene,
smce the olefinic product 1s unstable with respect to aromatics above

z:racklnp to olefines and Iower?araﬁlns decompositjon to elements, and
|3ﬁ]rop% onation are all seriou titors to cycllzat|? Generally,
It econcluded that the poss |It of conversmns 0 stralg t-chain
araffins, branched-chain paraffins, olefines, and naphthenes to aromatics
rE)ected Sn the hasis of t elow eneR y resgnance, structulre of th% benze]ne
ISIn |cated in man casesb t rmo namic calculations, but other
reactlons |nvo Vi ?t es litting of C-C om{s are sen?us ompetltors T
prevent undesirable reac on5| seems, therefore, that for t earomat|zat|on
82 smgdle compounds a catalyst which activates the C-H bond only should

Cyclization of Hydrocarbon Mixtures.

reliminary runs a chromium sesgmoxme catalyst pr epared from
chro cauii deposited on FIor| In was found to have lit eef ect, wh|Ie a

similar cata ysthprepare m%romlum nitrate was much more active ?

ecllzatl n. “The activit (ff these cat%ysts owever, was considerably
Increased by using activated alumina as the carrier.

Experimental Method.

The apparatus used consisted essentjally of a constant rate of deliver 3/
hurette, a catalyst tube, a receiver, and a gas meter. The feed was Intr
duced throu hamercu seal, the catal stt be heated in an electric furnace,
and the_receiver cooled in ice-salt, To observe the temperature of the
electric furnace a pyrometer accurate to « s° C at 350° C. was used.
catalyst was held in Rosmon In the tube by glass wool and broken ass
In orger tq avoid unhecessary cooling of the “catalyst and because o
endothermie nature of the reactions, a preheater was introduced, and t|s
vaporized the liquid feed at about 400° C. To facilitate the introduction of
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gases into the catalyst tube the end of the tube was fitted with a ground-

ass joint and interchangeahle s
g&? oug htﬁere wasa %t dLO rp ? ional slope on the catal¥]st tube, the
(ﬂ]mdcarﬁ e remained In contactw Ith the broken glass in the pre heater

enoug in some cases partly to decompose an? de osit talr
Latert e ag aratus wa mo ified an e cata P/SI tuhe aced |n the
vert|ca osm In order to decrease liquid contact time In reheater

an tof ||tate contlnual removal of the product with the recel er at the
[ower end of the ca&ayst tutr for the connection of catalyst tube and
recelver It was found agvisable to use a mercury seal. A manometer was
fitted and a sensitive flowmeter used as a gas detector. This flowmeter

CONSTANT FLOW BURETTE

Fig. 3.

was not used to measure the gas groduced and bg passes were introduced

for connectlnﬂ a gas-meter or apsorbing bottleS when necessary. The
apparatus Is shown’in Figs. 1 and

The Constant-Flow Burette.

Thg con?tant -flow b%lrette is shown in Fig, f When tge t%) 3 A S
closed and Tiquidis run from the burette, a partial vacuum is developed in A
The pressure in a_being, (Atmospheric —ac x p) inches of water,

where ¢ = level of liquid In burette bulb,

a = level of liqui |n tube—i.c., at the bottom of the inner tube for
consta

p= density of |qU|d
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The drrvrng head is then ab, and there is a on?tant refrstance to flowat s .
Hence since.a Is at atmospheric pressure the tlow will be constant for any
setting of a, it pressure at b IS constant,
Three notable disadvantages of this burette in the present work are :
first, the necess|t¥ for a frlter to revent interference wrth the cap |IIart)r/1
second, }he raée 0 Llow depen S nt e pressure at b and ? Ce varies wi
the gas formed in the catalyst tube, and third, the rate of wderﬂends on
the. density of the ohare galn the rate of flow cannot be measured
while a run is actual a/m ro%
Attemp)tswere magle to eliminate errors due to hack pressure by connect-

ing the upper part of the cataIXst tubg with the sllpm g tube of the burette,
and thus'm m%t e pressure & a an begua in all circumstances,  These
attemptsf ecause of condensation 0

vapours in the connectrnotube
It was found, however, that although the back-pressures were d erent
for different reactrons that durrn short runs the back pressure was nearl
constant, and consgt%uent the r?f flow was cqn tan(s The actual
rate was then found from lhe total liquid asse and t ure%tl%n oft
rpn. It was not possible, then, to use exact n¥ the same rate of ¢ %

all experiments, but conditions were approximately the same in most tases.

The Standard Conditions.

For a comparative st dcy of the reactions of varlous hydrocarbons and
mixtures some_standard conditions were required. . It was not required
that these conditions should be th% best possible obtainable for any pa ticu-
lar aro atrzatron reaﬁtron but that the conversion shouL ﬂocee t0 a
reasonable extent, earbrtrar%/ conditions chosen were therefore not the
Dest possrble conditignsfor the ar matrzatron ofan particular hgdrocarbon
By control mgfcondrtrons as near to “ Standard as ossible, experiments
maeuslngéi erenta paratus were made comparabl

The liquid space ve crty was 0-33 c.c. of liquid per c.c. of catalyst per

The liquid products were cooled at —5° to —14° C., and vapours which
passed through a condensin sprral at this temperature range were measured
asgas. The'preheater temperature was controlled at 250-300° C.

Preparation of the Molybdenum Catalyst.

20 grams of A.R. ammonjum mo aybdpate were drssolved in 100 grams of
0-800°A.R. ammonrum hydroxide dnd an equal volume of water. This
solution was ’ooured slowly on 250 grams of Grade A activated aIumrna
8-14 mesh Aorco which ad been heated at 350 C. for 3 hours étnd cooled
navacuum esrccator without desiccant.  Th emass wasstrrre ora bout
30 minutes when the solution was completely and uniformly absorbed by
the alumina. Thrs was drred aﬁ 100° C. for 1 hour dand then’lett overnig hé
at 310°C £ 10° C. The cafalyst was Introduced Into the reactor an
reduced by rr])assmgastream of dry hydrogen for 3 hours at 350° C and then
remaining ro%en was swept awa wrth nitrogen. It wag é hown that
for short runs the temperature of reductron of the catal yst not effect
the cycllzatlon reaction of n- heptgne The unpromoted catalyst thus
pre atret()jI cc]gntarned 2 per cent, molybdenum, and was In a very convenrent
and stable form
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The catalyst was regeneraed b swee |ng out any hydrocarbons Wrth
nrtro en, switching. off the furnace, assrng Warrvi/ ta

atrat 550° C. until the car onaceous e osrtﬂ n the catalyst ha
een reduced Remaining air was then swept out with nitrogen, and hydro-
gen passed for 3 hours to effect reactivation by reducing the molybdgnum

oxides.

Analytical Method.

A 25 theoretical plate Eacked column and laboratory distillation unit
for distillation of volumes of the order of 500 c.c. was constructed for
preliminary distillations.

Chemical AnaIyS|s for Aromatics.

When onl aé)oroxrmate mdrcatron of comPosrtron was re%urred the
aromatrcsw re estimated b}/ aniline Jsornt determinations befo and after
absorption wrt 9% per cen sulphuric acid, following the remova of the
unsat rates by abso g\on In 80 per cent, sulphtric acig. tratlon
methods appeal preferable however where more accurate knowled ge Is
re urred and, because of the smalt vqumes avallable from fractronal
dist| Ia(}lon the method of Mannln %@was examined,  Their
met ConsISts. In passin astreamo arrove e drocarbons and absorb
mg_th matrc nd u sgturated vaé)(?urs in a fitrating naﬁt]ure
earomatrcs an unsaturat 51 thuso tainedan Bercent
% éoara Inic_ material found by difference. The nrtratrn? solution is
heated to oo C to co Plete the nitration, dgfln which treatment tQ
unsaturate s are oxidized to form products soluble 10 water or caustrc soda
solution.  The nitrated aromatics. are extracted, with benzene, which é
removed bydrstrllatron andthe welghéofthe original aromatics s estimate
from the wer%hto the nitro-compounds.  These workers found the method
%ave results Correct to within £0-1 per cent, for mixtures containing 44,
5 per cent, benzene.
In the present work, for the mixtures contarnrn? 10-60 per cent, henzene
or toluene and a maximum of 30 er cent, unsaturateds the method wes
found. to pe accurate to 1 1 pe rP ent. Tge estimation of aromatics Wes
not_high If the nrtro -compounds were dried for a few hours in a vacuum
desrccatr Forh Ir? r1per entar%;eunsat rateds accurate results couId othe
obtained even when'anl additional absorher contalnln% 10 per cent su unc
acid was Introduced as recommende Manni eg
comparison of the tesults obtaine bY extraction of the nrtroc mBoun s
%fte ouring th nrtratrn mrxture into ice-cold water with those obtained
rati % Irectl a/ after th e same treatment and coohng for several
urst roug a tared sintered-glass Gooch crucible, showed. differences of
the order of"2 per cent, on the whole mixture for the estimation of benzene
and toluene. The second method of separation of the nitro-compounds
aso ﬁ;ave pure ¢ a/stal Ine products (dmrtrobenzene and trrnltrotoluene
were easily drieq, and'in many cases their g) urity was not measurab 3/
hmproved tf]y recr stallization. W n the nitro- o und? were extracte
owever, the pro uctswere usua ess pure, and t |rme ting points were
increased on recrystallization. The Mannrn%S epherd absorption train
was proved quite siccessful for the hydrocarbon mixtures similar to benzole,
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and frnallg the modified absorber due to Gooderham 4 was. introduced.
The method selected Was In 8enera| that of dlstlllatlon and fractlonatlgn

followed by estrmatro] ar matrcs un aturateds and rPar? Inics b
absorption-train metho su lemente y examinatio the nitrated
romatic_comp ounﬂs anq %rth r ex mination when necessary. Naph-
thenes were generally negligible throughout.

Estimation of the Unsaturateds.

The most usual method for the estimation of unsaturateds is by bromjne
absorption with estimation of the molecular wrerght from the distillation
range on the assumption that only aliphatic mono-olefines_are present.

Yerheus, and Zuiderveq so Used this method in similar catal t|c
cyclrzatron work, followed by removal of the unsaturateds with thiogl ¥
collic acid in a homogeneofu tPro lonic acid solution at rogm temperature
prlor to the_estimation of the aromatics b absorption In 98 per cent,

IPhurrc ac Treatmerf]t with thro%tyco E achd can be used for the
estimation and iso atlon of the unsaturateds, but the cost of the reagent in
this country IS, ﬁ ohibit |v%

The determination of bromine numbers for hydrocarbon mixtures was

udred In some detail.41  The evidence obtained s Ig%ested that bromer]

absorption cannot be ysed to estimate the actua ercentage unsatyrate
Erese t 1N complex mixtyres, alth oug usrn? t|trat|on technique of

ewls and Bradst]reetzrzlt 15 possible td'fin q[b]ckh{avaluefor compa atjve
Purﬁoses For the normal |xtures met, his work the absorption
rain gives satistactory results for the estlmatron of Unsaturateds, aIthngh
It _gives no Indicatign of thelr %ua litative composition. The methdd
seIectedf unsaturateds was therefore absorgtron trapn analyses supple-
mented when necessary by bromine-number d

Estimation of Paraffins and Naphthenes.

Paraffins and naphthenes Were estrmated together in the absorption
train, but the pro uctron of nabht enes.n s not ben observed during
Yhzatron reﬁc lons, %eneral analysrs or nag Eenes was not made,

% e Intrg uctr nofa ooled trap I, th absorption train it was
found otss le to collect small samples of parafhnrc constituents for further
examination.

terminations.

Determination of Sulphur.

The hydrocarbon mrxture was mtroduced into a Matheson Cook bomb
calorimeter qver (fOcc of water and ignited in o en to produce SUP
trroxrde which dissolved. The suI hj.rrlc acrd formed was IS0 at
rom ang other acids, such as C0 zan 3w |c mrg ht be present by
precipitation as benzidine sulphate, which was then hydrolysed at 50° C.,
and the acid solution titrated with standard potassium’ hydroxide.

Gas AnaIyS|s

drogen carbon dioxide, and the hydrocarbons were determined using
th % He ang Wheeler apparatus.

ur dioxide in r generatrn gases from the cata rt/St tube was not
estimated, but was detected by a dilute solution of p-rosaniline. - Hydrogen
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iulphlde in the gase?fom ul él ulgs was. estimated b Hsor tion IH
N a ue us sodli yrom eﬁ titration wit stanﬁar lodline an
sodium thiosulphate Solution after amdlfylng with hydrochloric acid.

Cyclization of m-Heptane.

The nhe{)tane used had the following characteristics; refractive
index < 38775 den5|ty, D) 0-6836; hoiling range, 98-98-5° C,

fregzin
e§ )ﬁrp ?mmar FUnS were made on heptane, |wao ol these, when an ﬁ
mate 6 atom|c er cent, ch romlum sesc%ummde was used s t
Igsé at5 ° C., with |I%UId sgace velocity of 1-3¢.c./c.c./hr., yielded
containing 60 er cent, toluene. In another run usm% thee same
cromlum catalyst Sp ace velocity was ver¥ much lower, huf the toluene
mtﬂ AquId prodt%ctwa stlllaboH t 60 per cent.  This res&Jf SN ag[eemené
with the results of Groose, Morrell, and Mattox, who u this cat yst an
conclu ed that space velocities lower than about 0-3 c.c, cc/h do not
aBRrech hmp ove the percenta |eId of toluene, 1he Jwag)(
wher te ower gercenta o enum cata gst was ue
show very dif eentrr ults from these for the chromium cate}P/
conclusions on the effectiveness of the catalysts were reached from th|s
howe\{er because the preparations were not made under strictly identical
copditions,
Using t (estandard condltlons referred to above 250 cc of n-heptane
were passed over the standard molybaenum catalys L}/tat °C
Products : (GaS and carpon : the ga % s was assumed to be a mixture of
me hane and hydrogen teba5| of other [t)ublli]hed work, and the
[onwas vBos|e on t ecatayst 93 per cent, of the charge was a pale
yellow liquid which analysed —

Naphthalene 1 per cent,
Toluene 55 per cent.
Unsaturateds 5 per cent.
Heptane 40 per cent.
Overall conversion to toluene = 53 per cent.

The Effect of a Mild-Steel Catalyst Tube.

Observations on the effect of a mild-steel catalg/st tube on the cyclization

of w-heptane were mcon?lstent and are not thérefore reported in cetail.
There are certain qenera corblusmns which can be made, however, from
OVer 100 runs in mild-steel tu

1) Mild steel effects the cyclisation reaction.
A new tube enhances the reaction.

After some time the oxi esuI hldes aIemust be removed before
run to achieve consistently go dresu

Cyclization of Heptene.

Since pure heptenes were dlfflcult to pbtajn and the present work was
concerned maml§ Wltn thec |zat|o of t%/dJ%c rbon mixtures, technical
heptene was used in the expe |ments escr
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The technical heptene used had a bromine number of 165 £163 for pure
he tene% although the distillation curve indicated only 80 per Cent,
egte €s.

28 ?rams of technical heptene were dpassed over the molybdenum
Icr%?cl %e OIu_nder the stanaard conditions and at 550° C.  The products are

{ lgrremsof tar ” was deposited in the catalyst tube, extractable
oleum ether.

2) A black deposit on the catalyst was formed which was not
§actabtfe with grgamc solvents ar¥3 was therefore assumed to be
(

) 65 litres of gas were produced, a sample of which was analysed.

Gas Analysis COZ . . . . . N|
Ole(flnesen. Y Iper cent,
; )r/gen """" B mp%rrSSH%
zyr s . 40 Bercent'

g 185 ¥ams of dark g/gllowll quid which was distilled, fractionated
and analysedfor unsaturatéds, aromatics and paraffinic hydrocarbons.

In the anaI Sis o[ these frac jons tge absorpt on %am method did not
glve con3|stan results even Wlt an additional a sorber contamm? 10 per
ent. sulphuric acid to remove most of the unsaturateds The aroma cs
roduce were d|f |cutto nitrate é]uantltatlve and th ePnO ducts re uwe
%sta izing. e un?aturate were therefore esti eﬁed frci

Ine numbers of the fractions, the aromatics by using these valugs or
unsa]turateds and the Parafflns were estimated” by difference. These
results are summarised in Table |

Table II.
Product from Cyclization of Heptene.

Per cent

Fraction, . ) «20 Arom atics, Unsats., Paraffins,
°C of liquid ‘Dm per cent. per cent. per cent.
: product.

| 67-86 19 1-4310 20 34 47
I 86-93 18 1-4800 20 34 46
I 93-96 34 1-4550 27 38 35
v 96-110 16 1-4220 15 39 47
\ 110-187 10 1-4740 30 17 53

In the first four fractions the aromatics were tolyene and benzene, but
in fraction V were probably toluene and xylenes, as the recrystallized nitro-
compounds melted at 157°°C

Conversion Data.
Charge to aromatlcs L 14 per cent.
Charge to paraffins
Charg

e to tar, carbon, gas, and loss . . . 38 .
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From a consideration of these results it appears that benzene, toluene
and xylenes were roduced and_the Percentage aromatics jn the | nimd
Produ twas apout 22 per cent. There scon5|derabe 0SS bX decomp03| |on
nth ecatar}/trc treatment oftec nical heptene, and a spre mg of the dis-
tillation, range of the liquid product I |so talne In FIg, 4 ar shown the
distillation curvesoftec nical he Ptene and the product, Some Iymerrza

tion gceurs, and, ecauset 1S 1 ndl%ated the percenta e ynsatu ?teds In
Fraction V as calculated from the bromine nimber m ? e {00 ow
om the tech nlca

factor whrch mi taccount for th elow leld of {0 uenef
eteelitat omeof swas et e3 which Woudbe ore stable

mmetrrca ep enes r the con |t|o oftereactlon
T econsr era e pro uctlon o ar |ns is sur(frlsmg ut these are not

Ero uced main Iy r}/ crack mg r by disp rog rtiondtion, because these
turateds are presentin simila proportlons inall the fractions.  Because of

VOLOME PERCENT OFF
Fig. 4.

this.pr %ctron of paraffins, sogte conflrmato{y ana(!yses were made. me
orrlg eptene was examined further, and found”to contain ne e
atfins, A sample of the heptene product Was completely brom ted
washed free from broming, and the Ipro uct distilled from the bromo
compounds and separated |nto three f actlons The comdposmon of these
fractions was then esfmated apE) é)xrmatey by an anjline-point method.
me percentage paraffing indicated in this way are shown” in Table 11

Table 1II.
Paraffins in converted Heptene.

Fraction, ° C. Paraffins, per cent

<100 52
100-103 40
103-114 41

AIthough these results in themselves cannot glve an acc*trate estimate of
the compasition of the product, the previous analysis Is confirmed, and there
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i little doubt that considerable hydrogenation of technical h,erPtene to
ﬂ?rafflns.acco gam%d dehydrogenation,” cyclization, and cracking under
e conditions described.

Heptane-Heptene Mixtures.

_ The effect of unsaturatt_ed hydrocarbons,in the substrate on the cycliza-
tion properties of ﬁa,raf Ins vas observed by usmg various, mixtures of
w-he;g)tane with technical hevBtene Tuarb(igrl \t/he standard conditions and at

550°C. The results are shown In

Table IV.
Cyclization of Heptane-Heptene Mixtures.

Product. Arom atics in

unsaturateds-
free,
per cent.

Heptene in
charge,
per cent. Unsaturateds, Arom atics, Paraffins,
per cent. per cent. per cent.

10 6 24 72 25
19 15 22 59 26
36-8 35 — — 30
60 52 - - 33
80-6 72 11 17 39
100 82 10 8 57

proximately equal

In each case carbon and gas were produced in a
T ? ¢ s for the more un-

quantities, although noticeably more tar was produced

PERCENT HEPTENE IN CHARGE

Fig.5.

saturated feed stocks. When the results are plotted graphically (Fig. 5
It 1S seen that cyclization decreases Wltl}!] Increase In t%eghegtene orgte%t o)r
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the charge, although some of the heptene IS converted into aromatics or
narafini h%/droca ons I each ase.. Ita V\}J&ears alsq that the ;r)]ercentage
aromatics in the product falls off rapidly with initial increasing heptene In

the feed.

Stability of Toluene under Cyclization Conditions.

Toluene was examined under the condrtrons of ¢ gclrzatron reactrons A
few preliminary ryns with AR, to #Jenes howed a anrt;e In colour, odour,
and refractive |n ex 1200 c.. of pure toluene was therefore prepared
boiling at 11? EJ/ distil atlon of AR. toluene.  The tolugne was 25560
over moH] nm ¢ ﬁcyst at 500° C. under the stan ard conditions
described. ehorlzonta talyst tube apparatus was Use the run
was several days duration, urrngwhrch trme the catalyst was regenerated
and reactrvatedr after ever)y 8
Products . 1Ne 0as produced was analysed but was not measured.

Analysis 0 I(ejflnes ........................................ 11 per cent.
ogen less th nouoouun er cent.
Paraffins (n = 1-1 : 85 Ber cent.

There was some indication of decomposrtron in the preheater, but the
deposit on the catalyst was not extractable with organic solvents, and was
there 8re ass dt]o efar?

c.C. of a pale yellow liguid was obtained which was_distilled usin
the 25 theoretrcal plate still fractronated and analysed.  The analysis |
shown in Table v

Table V.
Product from Thermal Catalytic Treatment of Toluene.

Volume, D istillation Toluene, Unsats., Paraffins,
per cent. range, ° C.* per cent. per cent. per cent.

I 6-4 97-109 78 10 12
I 82-4 109-109 100 0 0

i 2 109-109 100 0 0

v 0 109-109-5 100 0 0
v 32 109-5 — 0 0

* = uncorrected.

Total Analysis : 97 2per cent. Toluene
er cent. Unsaturated Hydrocarbons.
12 Ber cent. Paraffin Hydrotarbons.

Toluene is thus reIatrveIk/ stable under the c?ndrtrons described, but
about 6 per cent ecomposr jon occuys and a small percentage of unsatur-
ateds s d%flnrtefg %rmed No 1paraﬁ“lns Were 30Iat d from the Ir%urd pro-
auct, but both paraffins and olefines were found in the gas produc

Cyclization of Heptane- Toluene Mixtures.

The effect of the initial aromatic content of the substrate on the aromatic
content of the liquid groduct In the cyclization of hydrocarbon mixtures
uas Investigated for heptane tqluene Ixtures.

The runs were all made at 550° C. under the standard conditions described,
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excepting that deviations from the liquid space velocity. of o-3 were un-
avol ablg, as ti]e rate of feed varie sll(é#]ﬁy vent% the denglty of the char\ge.
The gas produced was not measured. “The results are shovin in Table VI.

Table VI.
Cyclization of Heptane-Toluene Mixtures.

Overall Liguid product.

heptane
converted,
per cent.

Toluene in
charge,

per cent. Per cent, Unsats., Paraffins, Arom atics,

on charge. per cent. per cent. per cent.

100 —. 69 0-4 0 99
96 0 67 0-5 0 99
92 0 68-3 0-5 0 99
83-5 0 75-8 0-6 0 99
65-6 0 721 0-7 16 83
460 25-8 77-9 1-6 18 80
24-1 52-6 791 1-4 18 81

0 59-5 91-5 4-8 33 62

It aP,pears from the results in Table VI that the total gas, carbon, and tar
formation was greater for higher percentage toluene” charges. Parallel

Fig. 6.

with this is the fact that less unsaturateds were formed from these charges.
Although the same catalyst was used for the runs and was regenerated and
reactivated before each run, the mcrea?ed loss to aarbon, gas, and tar can-
not be due tq the Incomplete removal of carbon and Its conSequent catalytic
cracking activity, as the runs were made in the order shown, and this erfect,
like that of any deviation in_liquid-space velocity (due to the densities of
the charges), would be o'o osite tg the results found. Again, although the
losses were” phenomenally great for the pure toluene ¢ artt;e the general
tendency for increased Conversion losses with Increasing toluene in the

o2
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char e |s still shown kfg/ the results in TabIe}VI if this run is neglected
6 and Table VI it Is apparent that for the most. eco omjcal
%nyersmn of n-heptane a} 550° C. t e least argmatlc charge is desirable,
for the production 0 hl(t]h| aromatlc roducts, however, there IS an
E|mum range for the aromatics in the cha g %ars then, that at
50°C twot es of processes are active, cycll atlon and thermal aromatiza-

tloﬂl% ? mqne 656%er cent, and 8? er ¢ent, toluene runs there was
no overalf conversion of heptane jnto toluene, since from the general results
in Table VI the aromatics are lost to gas, carbon, and tar rather more
readily than the paraffin, it seems that heptane was converted into toluene
In predominantly aromatic mixtures.

Cyclizatlon of 2.2 4- Trimethyl Pentane.

??ﬂ Verheui and Zmderwegao compared the ¢ C|IZ<’:¥[I0n of vanog
gara S over rﬁ)l Crd) 3 catalyst with contact tinfes of 18-24 seconds
reactl %mg)erature of” 465° % teen hgdrocarbons were

examlne and of these, w-pentane, 2met entane and 2 ;2 :4-trimeth
entaewrentapprem Xromanze %hou in each case therew
on3| (f ede me formation, but no notable cracking. From distillation
data he co t|on of eactlon %asgs It was de ucedt at the form?
fl n erm ar Welg tcom oun soccurswn these hase materia

which ar not a prec|a Yaroma Ized 2 2 A-trimethyl pentang).
It was also ene ally conc (%ed that araf? ns wnh structures not readi
permittin or ation 0 a SIX- m bered nnr% are not agﬁrecla
aromatjzed, rh that, since there are orw agl
aromatlc%whlc would he expected on '[hl? asis, then, Uncler the %I en
ditions chromium sesquioxide does not effect Isomerization of the carbo
skeIe(ton althqugh some lower aromatics might be formed as a result of
cracking reactiors,

_ For the aromatization of many_hydrocarbon mixtures these conclusmns

pos&d flnltettheorencaltrestr]! tions, andt th(% t(51ermathataIy5|€ of 2

entane was therefore Investigated further ou

%o| W|n ex erimental work was carne(f Lﬂmere[ to find the cor?cs] tions
off?rm tion of arpmatics,.nq Si rge [r)]rocess was beTJnl(I] studied, and no gas
analyses were made, certain interesting facts were found.

Experimental.

(1) Pure2:2: 4tr|methyl entane twice redistilled from the Rohm-
Haas ro?ucth Pass over th monbdenum catalyst at 550° C,, using a
d Stee catays tybe and a liquid catalyst- sEace velogity of about
O3cc/cc/hr Pale yellow_liquid product was obtained, 50 per cent,
of the charge. ~ Lhere was considerable gas and carbon production.

Analysis of Liquid Product.

Aromatics 50 per cent.
Paraffins

Naphthalene
Unsaturateds
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There was, then, a conversron of 25 per cent, of the char ernto aromatics.
The nitro-co mpoun s prepared from the aromatics at 100° C. melted at
179° C. That these wore roma ccom un swa] r]owra) ?/re uctron t0
amines, dia otrzagon and coupling wit ptho xdaton of the
ofl nal hydrocarbon mixture wrth ka |ne e man%anate lelded some

s'In the product were then a
mezturle &c Xyl enes 0-Xy ene bern |3entna e&

66 c.C. of Rure 2:2 4tr|meth I Bentane were passedover a6
atomic per cen‘ chromium sesquroxrde alumina catalyst at450° C.in a
mild-steel catalyst tube. The catalyst. was prepare from freem o
nitrate and red ced in hydrogen. The liquid catalyst sp(ace velocity was

-33 ¢.c.c.c./hr alrtreso gas and a pale yellow liquid (89 per cent, of
charge) were produce

Analysis of Liquid Product.
Aromatics . . . . . 1 9 per cent.
Unsaturateds : o
Paraffins (by difference) : S 8
Gum (including some naphthalene) lessthan . 1~

Consi errnr% thg nr‘ro com ou ds obtained the aromatrcg rp esent were
proba ixe enes t er -with some benzene. ~Identification by
oxrdatron with alkaline per an anate was_not successful.
The unsaturated weenotr entified.  The aromatlrcs and unsaturateds
vvere then remove \{a bsorption 1n 98 per cent, sulphuric acid and_the
resr ueexamrne distillation indicated that the reat rpart of the residue
1% below 84° C. and that there was a 10 per cent, fraction at 74° C.

e refractive indices of various arbrtrarJ/ fractions were found, and some
areshown in Table VI, From these results it appeared that isomerization

non

Table VII.

Per cent, of arom atics
Fraction, ° C. and unsats.-free nf.
product.

f 64 15 1-3900
64-85° 35 1-3919
85-98 20 1-3945
Residue 6-5 1-4362
Original mixture 100 1-3979

f 40 61
40-50 1-3935

50-74 3% I\

2. 74

74-98 18 1-3948
Residue —_— 1-4185

t0 morehrgth branched compounds had taken Place However, alﬁhough
98 per cent., Sulphuric acid was shown not to arfect " iso-octane ™ alone, It
Wwas found that under the usual oondrtrons washrng wrth acjd of this strength
does not remove unsaturateds completel (Y and that the effect of acid treat-
menlttrnfthe (presence of such unsaturateds could account completely for the
results foun
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The production of b%th low rand %er -molecular- wel mpounds
Was Indicated, and furt er evidence for the former was obt |ne ?P deter-
mination of molecular weldhts of two fractions from a further distillation.

ThiS IS shown In Table V

Tabte V III.

Molecular weights.

Sample.
Found. Theoretical.

Original 2:2: 4-Trimethyl pentane 112 114
70-90°C. Fraction . . . 102 100 for C ,H,
112-1 114 for C84 18

90-112°C. Fraction .

From the gbove it would appear that considerable aromatizatjon of
212" 4tr|me%h Pentane IS é) ss%le under certain congltlons hut IS

accompanied by very considerable cracking.

Benzf.ru>2 12 - Trimethyl Pentane Mixture.

From thermodynamlc con3|derat|0ns It has been shown that the reaction
of benzene and 2327 A-trimeth Pentane t glve Eoluene and the elements
IS permissible In the tem erature an eof thé ¢ cuatlon reaction.  From
this indication and a consi eréxthon of the. cracking possibilities,

alk Iatlon of the a[omat cf ring with a denydrogenation catalyst might take
paeun er suitable conditions.

Amlxture 0f 558 ercent urethlo hen free benzene and 442 er cent,

ure 22 :4-frime ¥ Hpentane sse over the molybdenum
cat J st at 550 (f (}J e test dard co |t dons escribed above. The
pro ct was distilled, fractionate and analyse
Products.

10 per cent, of charge as gas, carbon and loss.

90 per cent, of charge as a colourless liquid with a 5|I ation range of
e éThe distflaion range %or the qharge was 80-95° C) :
Analysis.

The analysis of the product is shown in Table IX.

Table IX.
Analysis of Fractionated Liquid Products from Benzene-iso-octane Run.

. M. p. of
Fraction, Volume, Rei;rc?ec)tlve Unsats., Aroms., Paraff., nitpro-
°C. per cent. nff. ’ per cent. per cent. per cent. compounds,

°C.

1 74-80 8 1-4905 98 58 32 88
2 80-83 45 1-4697 18 50 32 86
3 83-90 26 1-4554 29 35 1 35-0 87
4 90-110 6 1-4700 10 49 4 179

The aromatics in fractions 1.2, and 3 were assumed to be benzene from
the melting points of the isolated nitro-compounds. The aromatics n
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fraction 4 were probably o- and ra-xylenes. . The nlfro-compo,unds isolated
from this fraction were reduced, butthe amines could not be isolated satis-
fa,ctorll¥<. .On diazotization, however, a dye was obtained b}/ coupling
mmh ,al aling %-naPhthr”, Neithe the,dlz?zo-dp{e nor the amine hydro-
chloride could ,ecxsta 1zed satisfactorily for characterization.

The total liquid product had the following composition.

48 per cent, aromatics.

40 per cent, benzene.

g Per cent, mixed. xsylenes.

35 per cent, paraffins,

15 per cent, unsaturated hydrocarhons.
0-1 per cent, naphthalene.

Thus bo&h the percentage benzene and F :a -4-trimethyl pentane had
decreased. The reaction"must have |nvolved the benzene present, since
benzene alone under th% same conditions was, not changﬁd. Since, how-
ever, the formation OJ,X, enes was fou ?wqen |so-octan alone was treait]ed
unger the same conditions, the possible alkylation of benzene with other
E%drocar ?ns by contact cata%sel r IS not decided eléher way by these results.

nzene alone ‘was stable urider the same conditions &s Shown by the
experiment below.

Benzene Run.

Pure thiophen-free benzene was treated under the standard conditions
described at 550° C.

Products.

cas : 1per cent, of charge. The gas did not contain unsaturateds.

carbon : A light deposit on, the catalyst unextractable with organic
solvents. This deposit was noticeably less than jn other yuns. .
80Lé(1161i€: . 98 per cent, of the charge as a colourless liquid boiling at

Bromine number = Q
» < = 15012, 1-5013
Original benzene : nm = 1-5011, 1-5010.

Discussion.

The production of the considerable proportion of paraffinic hydrocarbons
during the cyclization of technical hepteng is rather surémsmtg. Taylor and
Turkevichz2 using. small quantities of %Tl catalyst gl 0.) found that the
[l)ercentage paraffing Eroduced In the cytlization of h gtene-l drO#Fed from
3 per cent, at 4247 C. to 2 per cent, at 474° C.  SinCe the paraffins are In
similar proportion in all fractions, of the,ﬁro uct, It apgears that they are

roduced b ca_tall){tlc hydrogenation during the deh genatlon reactions.

hermodynamicafly the conditions were favourable for héptene production
and the fact that this was realized to_a considerable extent suggests that
the conditions aerroached hydroi%e,natlon equilibrium conditions Closely,

In Fig. 5 for heptane-hepténe mixtures it 'is apparent that aromatization
of heptane |s decreased considerably by small quantities of technical
heptene, and the Initial presence of Unsaturated compounds in the sub-
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strate thus considerabl Iy limits, the efficacy of"the ¢ gchzatlon reaction.
This seems tq e In accordance wrth the discovery - that cyclization catalvsts
are poisoned Irreversibly by ethylene, The onversron of heptane
toluene even in redonhnantl omatic mixtures tavourf the. assumption
made by some workers that para ns can compete ef y with aromatics
forMhe cataI st surface unlder clvc lization co Pons
uch mor exp errmenta WOrK s necessary efore any general conclusrons
can ema eont e isomerization of 2 : 2 : a-trimethyl"pentane by cycliza-
tion catalyst, and th work IS bej ng con#nued | see sdesrr bIe thaé
ore atte trons Jaar tot Inic ortono h)e products aﬂ
att ormatron of argm atrch ons oud not e taken ast
onv Indication of isomerization. Fort [p pose much greater volumes
f the substrate must be used than hereto and attention given to the
qualitative nature of the products.

ective

Cyclization of Mixtures containing Sulphur Compounds.

Preliminary mvestrPatron Was carrred out on mixtures containing var
mg pro ortrogs of sn] gmgo}t H}rom two asgects The resist

o1sgning by sulphur and the desulphurization capacity of the cyc za
t|o catalysswast sted together with the effect on the ¢ emrcaI composr
tion of thé products from squhur containing charges.

Experimental.

Moly bdenum and chromium formrn stable sullohrdes might be exgected

Bo act as desul hurrzrn? catalysts. bdenum rrsth e
carmF a desufphuriz ngrcata (}11343 Lhr)w en orte

on charcoal an other rrrers he trlsu e was therefore grec Itate

on act|ve charcoal rred at 110° ith this catalyst a 30 rcent

redt{ctron nttht%tad sulphur for & srngle Eass was obtamed runnrng entzoe

raction wi ro is of several ex| nts |

aBPeareaNthat f)or egst resu?ts the cata Syst shoulé be treated wrrth h gn
hide at mtervals A catalyst wa (lore pared b){ dePosrtrn 083 d

rtions and treating wi

c? gumrce int errmolec ar prop % ge
[o e at 300° C. At this temperature reduc ons m total SU\P

zoefractmno 14 éaercent when using aliquid catalyst space eIOC|t o
9cc c.c/hr, and 2 Ipercent when using 0- 3cc/cc/ wereo btairied.
Inth|s preliminary work hydro en Was assed with the feed to reduce the

tp ur compoun s.t0 hydrogen sulphice. ~ When considering cyc |zat|on
aysts ever it wa aepdo rent é atanew hncrpe migh De'invo ed
srnce th e yarogen required to reduce the sulphur comp un S, cou

gg ied, un eﬁ surtabe conditions, Pv the ¢ clrﬁatron reactro[t Itself
rto 'test the capacrtﬁ of the cv ation Cata vsts for desu phurrzatron
an their resistance. to stlphur poisoning In a suitable time, a search was
frrst made for the hr%hest percenta%e suIRhur In the charge whrch could be
desulphurized efficl g The conditions, used were ve] ev similar to the
standard condrtrons deScribed above evratrons from {] se being due to
variations. In the feed-rate probap xcause grncreasrn density of the
feed with increasing content of carbon disulphide, ~ This material was used
Ina 110-120° C. benzole fraction to give charges of various sulphur contents.
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In T%ble f( the experimental results are shown and in Fig. 7 are expressed
graphically.

desulphuri&atkjn of
CARBON DISULPHIDE MIXTURES

08 01 oS 0
PERCENT SULPHUR IN PRODUCT
Fig. 7.
Table X.

Desulphurisation of Carbon Disulphide Mixtures.

Temperature : 550°C.
Contact Time : 35-40 seconds.

Sulphur

Run Input, Feed- Product, cas Sulphur liquid Desulphur-
rate, produced, in feed, ization,

no-. ¢.c. c.c./min. c.c. c.c per cent. product, per cent.

o per cent.

47 40 1 33 3200 1-14 0-10 91

48 35 0-875 32 2600 1-7 0-33 80

49 35 0-875 30 2400 3-0 0-49 84

50 34 0-875 30 2200 4-2 0-53 87

51 35 0-875 30 3200 11-2 0-85 93

The catal shwas reg(enerated with air before each of the runs above until
no, more § detected with p-rosaniline) was evolved. In
this way sulgtwr d|0X|de Was foeand to be resent even w (en air had been
assing ours. roqen was passed to re uce the oxide,
25 was formed, mdrcatrnl%t at sulphur was combined on the catalyst.
%zwere not estimated in the presence of each other, for It as
assumedt at the reactions shown would 'go to completion above 500° C.

Excess S02 SO-+ hx—>s+ hd
AII' . "02 - o2
ExcessHZS SO2-THSm hao+ s
Hydrogen .. . S+ H hs

The pr?ducts of runs 47-51 Were examlned for aromatics and unsatu rated?]
In Table X1 it can be seen th at]t e percenta eunszﬁurate S increases wrﬁ
mcreasrn? sulphur content of the charge. tou this increase 1s small,
It 1S significant that the aromatic content of the roduct falls over a similar
ranq The true conversions were certainly greater than indicated In
Table X1 because the experimental losses were great as small volumes of the
order of 100 ¢.c. were used.



204 GREEN : THE CYCLIZATION OF HYDROCARBON MIXTURES.
Table XI.

Run Charge S Per cent, unsats. Per cent aromatics Overall percentage con-

no. per cent. in product. in product. version to arom atics.
47 114 121 80-8 2
48 1-70 14-2 78-3 7
49 300 13-8 79-8 3
50 4-20 150 76-7 1
51 11-20 17-4 76-7 1

Catalyst Desulphurization Tests.

In order to test the c? ﬁlyst a Iongi run was made char mg 25-3 per cent,
su ]phur as car on disu |de In a 110- 120 gnzole rat

he conditions d escrle aove were used, and samples of the product

Were taken at intervals, At somewhat longer intervals the hydrogen
su_P [ ernlt as was estimated.

ne st Was t en reactivated and further charge passed. It was
obvioys tha %prous evolution of X ﬂ%en sulphide was tagrng place mtﬂ
secon| sta%e ut no estlmaélon the gas could be made. ~ During the
reactivation, however, ?nsr eranle sulphtr dioxide was evolved when arr
was passed over the aaY

In Tables XI1 and X1 are shown the results for the first and second
stage runs.

Table X II.
Desulphurization—First Stage.

Run Duration, Yield of liquid Sulphur in liquid Sulphur in gas,
no. mins. products, c.c. product, c.c. g./hr.
52 60 22 0-91 —
53 120 48 0-87 0-50
54 180 113 2-28 —_
55 245 180 3-60 0-49
56 335 250 —

57 395 340 3-92 _
58 425 380 5-56 0-17
59 520 510 7-00 —
60 525 515 — —_
61 690 691 0-10
62 840 861 7 88

63 910 941 7-54 _
64 920 951 — —
65 1040 1051 8-36 0-13

Tabte X III.

Desulphurization—Second Stage.

Run Duration, Yield ofliquid Sulphur in liquid
no. mins. product, c.c. product, per cent.
66 60 35 6-61
67 150 95 7-96
68 270 221 6-30
69 315 277 12-8
70 395 372
71 505 — 10-1

72 520 384 11-9
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sth qhomde was rod ced mthe[) (i'[lVﬁ'[IOﬂ roceis and as
moy enu suI |des are ve ysta Ie It 1s probable that some sulphur was
sorbed by the cata st carrier. The tests made were extremely severe,
and the act that the_catalyst desuI?hurlzed to the extent of 60 er cent
after @ 17-hour continuou$ run, without reactlvatlon and wit o% %
added hydrogen, indicates that it Is very stable to sulphur, althougr
these results it is ex ected to be Progresswey Pms ned over ve ?
periods. It ma¥ e tound, however, that when lower- Bercentage sup U
charges are treated no pol omn% 0c urs and that no sulphur IS absorpe
on the, catalyst carrier.. The second- %qe experiment shows (Fig. 8) that
the poisoning observed is in part reversi

desulphurization runs

BEFORE REACTIVATION
AFTER REACTIVATION

0 5 10
DURATION HOURS

Fig. 8.
Thiophen Run.

A 1 per cent, fuIPhur Sas thloghen m|xt¥re was made in hexane and run
OVer a new cata)x using the conditions of previous runs.  The results are
shown in Table XIV.

Table XIV .

Charge : 198 c.c. 1% sulphur (as thiophen) in hexane.
Product : 111 c.c. in three fractions : average percentage sulphur = 0 34 per cent.
28 litre of gas.

Vol. liqguid Duration Percent. S. Percent, benzene
product, ofrun, in liquid in liquid
c.c. hrs. product. product.

Run
no.

78 31 — 010 60
79 30 1 0-53 60
80 50 1 0-38 51

Thiophen s th much more difficult to remove under the conditions
stated ?han IS car on Isulphide, %ut the results indicate that the catalyst
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Is staple to sylphur in the charge when in the form of carbon disulphide or
thiophen, and effectively desulghurlzes In both cases.

D i

Although the wark reparted here is not extensive ang no |I?ht is thrown
on the processes of gtols ning and d?sulghurlzatl n, an |m|oor, ant lencwle
IS indicated—that coméa X catalysts where the complexity is Lfe ot
to the cat?l st hut to the substrate iself. 1t 1 cl ar‘hﬁt With.a mo Iybde-
num catalyst the processes o %yc Ization and desulphurization proceed
to%ether. |t has been observed tefore 43 that molgbdenum sulgrn IS an
active catalyst for hydrogenation-dehydrogenation, as 1s molybdenum

oxysulphide.4s o

XWHe% {He spent catalyst from the desulphurization runs was analysed
however, the pro orﬁlon of Mo to S was (-81 atoms t]o 1 atom, herice it
ap;i)_%ars that the catalyst was a mixture of oxide and su phide.

e greater resistance of thi rPhen to decomposition 1S tpro,babl due to
the sta |I|t2/ gf the thloghen,rl glts(?_lf,, out the fact that this com ,?_und
IS decompase L%nderc l\zatlon conditions, together with t er[])osm Wes
of conversion of near bol |n% non-aromatics td benzene and the stanilit
of ﬁhe latter under thes% conditions, serve to Indicate the FOS iple use df
cyclizatjon catalysis for the production of pure aromatics. In this connec-
tion 1t Is Worthx of nCPte that some nitro enou?_comdpounds are converted
Into ammonia and hydrocarbons during the cyclization reaction 4

Conclusion

Table XV shows the most important experimental results which have not
been tabulated abpve, and [t can be seen that naphthalene formation was
quite (C;eneral In the cgcllzatlon reactions studied and usually formed about
1 per ¢ent, of the product.

Tabte XV.

- Products : percentages on
C;'tlyliy'g‘t "g‘gsj charge. (Liquid.)
Tenré\p., carbon,
© velocity, etc.,
er cent. Aroma- Paraf- Naphtha-
vihv.ihr. P tics. Unsats. fins. lene.

Feed. Catalyst.

Benzole Copper 500 0-3 - Increase Increase — 1
chromite of 8% of 9%
n-Heptane Moa0 3 on 550 0*3 7 53 4 39 1
alumina (toluene)
Technical heptene  Mo,03 on 550 0-30 38 14 19 29 —
alumina
Toluene Mo,030n 550 0-31 3 95 1-2 1-2 —_
. alumina (toluene)
2:2: 4-Trimethyl MoaOa on 550 0-30 50 25 1 24 1
pentane alumina
2:2: 4-Trimethyl Cra03on 450 0-33 11 1-2 12-14 73 1
pentane alumina
Hexane with 1 per Mo80 3 on 550 50
cent, thiophen alumina

< v oo A W N e

Crao 3 from chromic acjd, on floridin as carrier, showed ne%l%l,ble actlvlta/,
whereas when the sesquioxide was prepared from chromjum hitrate, using
the same carr(ljp . the aromatics and unsaturateds in a hydrocarbon mixture
Wwere Increased by 16 per cent.
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ogpg r chromite and mola/bdenum gulnmde on various. carriers were
active, but the Introguction 0f activated alumina ncreased the activity of
these and other catalysts considerably. -~ Activated alumina alone was also

Vanous mixtures were passed over a molybdenum-alumina catalyst
and 1t was_found that n-heptane is more easily aromatized than technlcal
heptene.  The reactions of other mixtures are dlscussed and OXY ene Was
identified from the aromatization of 2:2° tnmethy nfane.
o0° C,. 2 :2 - 4-trimethyl pentane was converted into 25 per cent, aromatlcs
but thIS conversmn wa accomPanle 0yextenswe crac mgv

Desu;f urization nd aromatization of benzole fractions erefound to be
technlca Ily Inseparable rocesses The activities of vanous cata ysts for

desulphurization were stu led Cy bdenum su g) ide showed reater
gCttlsV(Ijt tﬁfgan caﬂrgnnulr)n sulphide, except when the former was prepared

Ut ,

generaf eycycﬁlzatlon of hydro 1arbon mixtures results ings readlnﬂ
of thé distilfation curve, for atlon 0f gas ang carbon and an InCrease. |
aromatic an unsaturate rocarbons. At the same time hydro ena}lon
reactlons tah gace roduct from such a reaction will therefore

e end on the conditions oft reaction and on the nature of the substrate.

By the choice of sujtable condltlons and b¥ varying the comPosmon of the
substrate, |t|s posnbleto achieve several different redctions at the same time,
uskngasmge catalyst. .
N a late g E e continuation of this work will be described, and the
Si n|f|cance f Some ofthe results ma be seen n a different perspective,
he author wishes to express h aP reciation for the mteresta dencour
0?ement shown by the Iate Professo . Nash and by Dr. T. G. Hunter
this Department.

Department of Oil Engineering and Refining,
The University,
Birmingham.
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SPRING TENSION BALANCE FOR C.F.R.
BOUNCING PIN.*

By P. Draper,j-

Introduction.

an Instrument was designed in 1939 b%]_D,. M. Clement, of the Srhell
Laboratory, London, for atcurately deter mmg the tension of the leaf-
Spl‘ln%ﬁ and npIun er-spring on the C.F.R. agju table-leaf-tgpe bo_un(fln?-

In, the standard instruc 1Jor\s for setting being Inadequate, particularly

en testm%, |9 -octane fuels, , ,

After consideration by the Knock Rating of Aircraft Fuels Panel Sub-
Committee of the Institute of Petroleum “detail alterations were made,
and the final ai) aratus Proved 50 succeisful that it has been emplooyed for
some time Ln almost every C.F.R. installation in the United Kingdom and
Inmany laboratories overseas.

Development.

The A.S.T.M. instructions for the setting of the old-tg/?e pin Rave the
imies Of the free deflections, due to a permanent set of the Tower a dupBer
I,eaf,-s;[)rlngs. These deflections were gquoted in the AS.T.M. procedure
InSIX y;fourthé of an inch, and their limits were ~inch_for th? lower
leaf-spring an Inch for the ubpper leaf-spring. ~ The plunger-
sanc t%nsmn ngust_be within 10-1-25 Ib, o
_ The above detlections were measured with an initial contact gap of 0-005
inch and thT, n tmen re (Tzved, , _

For smpl Ity, these deflectjons are now designated in thousandths of
aninch with thé gap just closed when the pin is I position, thus —

The limits for the lower leafare .. 0-042-0-057 inch
The limits for the upper leafare . . 0-099-0-114 inch

It has been experienced that the deflection-load characteristics of all
g rlngs supplied are not similar. . Springs in service become buckled and
so [ose thelr elasticity; new springs have not preusel}/, similar dimensions
and elasticity. ~Cons (%uently there has been no definite. knowledge or
control of the forces of the Springs acting on the _ﬁ)ln. This Instrument
can_determing true spring tensions in grams while the springs are in

osition.
pThe deflection-load characteristics of a number of springs gave the

* Paper received 18th July, 1942.
t Asiatic Petroleum Co., Ltd.
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following average fl%ures for the forces in Mgralns when the spnngs were

deflected to the extent given by the A.S.T.M: upper and lower limi
Force in grams.

Lower leaf-spring deflection 0-042 inch 180

0-057 245

Upper leaf-spring deflection 0-099 380

0-114 440

Plunger pressure 1b. 454

1-25 Ib. 568

ment.

Th$ instrument is simply a be m balance 9 mches |n I th glvoted on
% nife-edge (tsee rawmé)s and 3to g% Th ea y IS clamped to
the flange of the bounci gpln y, and made r|g| byt tightening of

bouncing-pin assembly may remain in the engine or it may be hel

ert|ca V|ce

Th elnner end of) he beam, is forked, and bears at two points upon the
#Jndermdeofathm c}am which 1s att ched to t%e t? of th gm roF%rudll;n%
P inary line, th roug the two Dbearing point

Zhumbscrew No Ear fthe pin need be dismantled for this purpose 2

rom the pin og/ |ma?
asses thr gh th vertlcal axis of the pm thus a true value of the Torces
quwe to eectteermgs may e determined. A jockey weight on

the outer arm balances the combined force of the spring to bé testéd and
the weight of the pin and col?ar The %eam IS calliPrategd forom 150 to 570



DRAPER : SPRING TENSION BALANCE FOR C.F.R. BOUNCING PIN 211

grams ?t intervals of 10. Areadlngma be made to haIfadlv élon WhICh
Is the [imit of accuracy. (The av weight of the pin and the small

ra
clamp have been aIIowgd for in the caqlbratlgn of the beam.)

Application

It should be ap Ipremated that the Iower Ieafs ring provides a downward
force restralnlng he movement of the bouncm§ In, and thus causm? the
?n acts to coe only durlng detonatlng condi ons T e upward force

anett * B?{erea orte ?8r e o ﬁnc?r\{\émf)vl%ran e tea?gprln§ ounce
?alnst 1S this n “ butter 7 force w (ftheet?rmm s tne duratlon

electrical contact o the contact points, an refore the sensitivity of
the circult.

4 (X) i f

SIDE ELEVATION

After the bouncing-pin assembly has been dismantled for cleaning and
re-assembled, the spring-tension”should be checked in the following
sequence —

L Plunger Tension.

Swin a3|de the two leaf-springs by loosening their mounting screws at
the_en Sﬁ1t e lower. cross-bar

aise the pin until it touches the plunger, and attach the pin-clamp
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to the pin so that there is & inch between its under face and the bouncing-

ptMount the beam and ad#]ust the Plunger tension to 455 and 570 grams,
marking the positions of the adjusting Screw for future reference.
vef the plun er et at 53P qm
e figure_on the beam-scale Tlush with the inner surface of the jockey

welght WI|| give the force in grams.)

2. Lower Leaf- spring Tension.

Reassemble the two leaf-springs, seelnlq that they are correctly aligned,
and set th contacﬁ%l to aﬁgroxlmate 0-001 INch

Attach t J)In clamp to t gln so that there |s inch between its
under face and the bognc&ngn ¥

ount the beam an st the spring-tension screw so that the contact
?a{) Just closes at 180 and 245 grams marking the adjusting screw for

uture reference. .

Leave this spring set at 180 grams.

3 Upper Leaf-spring Tension.

The UB war( tensmn ofthls spring can be determined onIY gmeasunn%
the compined force of all the sprlnggs and thence by calcufation. This |
obtalned by continuing to load thebeam until the pIunger IS about to be

mgued
he' Uﬂ)ers ring tension-screw should be adjusted to give heam Ioadlng
?f 270 and 330 grams marking the positions of the adjusting screw f
uture reference.
The setting should be left at 310 grams,
The method of arrlva at the abov f|%ures is as follows —
he total downward tehsion of the thre qnn 0s 1 €q Ufl| fo the sum of

the ten5|? %of the Plu ger and the lower leaf-spring, less the upward
tension of the upper lear-3pring.
Total downward tension = 530 + 180 grams.
_Tin- 440
- 710 _ 380 gram s-
= 270 and 330 grams.

From. experience it has, been found thaﬁ for maX|mum knockmeter
sensitivity the nett bal ancmgll force of the Run er and upper leaf-s nnﬁ
?hould be aboth 130 grams. ~ Therefore 530 and 4 quams nave been chosel
Rr thg |n|t|a005e_tt| %O]Fatm B $prings The total downward tension is

emo e the s rln -tension ratus and set the contact gap to
0003 et R A P

ouncm p|n |st en set for operatlon and a minimum of alteration
shou\d be made within i] e limifi gmarlis made on the adjusting screws.
No alteration Is permissible outside these limits.
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Subsequent Setting.

A 55-60 knockmeter reading should be obtajnable under stand%
COH?IIIOHSO oper t|Bn Y very siight adjustment of the contact gap wit
the limits specified above.

For testm high-octane ffels it may be necessarz to increase the down-
ward tensiofi of the lower lear-spring to a maximum of 245 ?rams See
[nstitute of Petroleum Standad ethods 1942 EFor testng% the
17° Motor Method |tmag enecessary to increase the tension to 300 grams.
o B oo Al ine sktings of th

should not pe niecessar o alter the settings of the plunger or
leaf- sprln g, but the sensmw{y ofthe knockmete? dep engs nt ese reTgtp
ettm? (Provided that the lower leaj-spring is exertmg sufficient down-
ward Torce to prevent the recording of “combustion préssures ™)

N o tes.

The following approximate figures may be useful —

One notch on the Iun%rscrew IS equivalent to approximately
1561rams tension on the plunger
ne notch qn the Iower srﬁ)nng -SCrew is equivalent to approximately
1ograms tension on the pi
ne notch qn the upper spring-screw is equivalent to approximately
10 grams tension.

Care should be taken that the readln% of the number of notches of turn
of the upper spring-screw is not a false one on account of the backlash.
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OBITUARY.

JAMES ROMANES.

In the sudden and premature death of James Romanes at the earI a%
of 56, Great Britain | ? fone Ff Its most| talented and respected ﬂ]eo %g(J
an authontreswor eld geo (t]g Following his education at In-
ca e Eroce(ed Chrrsts Co e%e Cambrld%e wher g his
|nh rited InclinationS an hstan Ing_abilities were con entrate
o-e0logy, and he there obtaine SNatura Sclence TnPos IstC ass
In 1008, and Natural Science Tn Part 2, 1st Class Geology, In 1909,
He was_Harkness Universit X (? ar in 1911 and ecame an MA. In
1912 For a trme he remained at t e Unrversrt% as lectyrer and coach
ﬂeology, whilst engaged on research work, thereby becoming acqualnted
many students w osou%ht his advice an guidance when burldrn?
a\reeran later acquired disti c]tlr(){t One of hrs eﬁrhest associations tt]
oll was on, an expedition that for |ts otgectt determination o
rospects |nthe astern Andean foothills ot Bolivia, a task which Involved
ears’ absence in remate and Inhos |taB c(ounr
eEuro ean War of 1914- 18 cause reak In rofessional activi-
ties, for he at once Aorneit Ué) and o tarnrf a.commission In a Border req
ment th twas eve tuaI rafted to Gallipoli. At Suvla he was grave g
wounded when lead mP IS _com anK In an attack on Turkish po3ition
and was reﬁ)orted Ilfed: .indeed, his obrtuar¥ notice aPJJeared In T
Times, and Nis family went into mournrn eovenng om his woun
he accepteda ost with the Royal FI Jrn Corps, where hiS sclentific accom-
plishments were %urclw reco nized and a phe In Investigations of a
confrdentral natur hen peace was_proclaimed and e secured his
releas from the Army with the rank of C IoneI he renewed his connectlon
wrt the etro eum mdustr\xl hecame a partner in the firm of A. Beeb
Thompson_and Partners, Where his ]great rqanizing, scientific and co
mercl Iabrhtres found full scope in difecting a dsup rvising togograg |ca
and geological surveys connected wrt etroleum and wat ects.
Rom nes Was closely identified with orI exploration in Trinidad, B rbados
Germany, Portugal, Trak and SR/rra and amon%st his various forer n excur-
sron?]was one to IceIand and another to Tenerr He contributed articles
the Encyclopaedia Brltannlca nd sour{t 3/ Press artlcles to
attract ﬁ hlrc Interest in the London Water Sur%p% %/gro osals to re-
char]get e depleted London Basin with water from the Thames at times of

Romane; had served ?P the Councils of the Geologdcal Society . and
Instrtuteo Petroleum, and he was very actively associatéd with the Mining
Club.  He was a uqrfted and lucid sPea er and wrrter and in debate he was
blunt ana forcetul, but always willing to conce e a Ipornt which merited
respect His great charm of manner” and nd of d humour attracted
g friends, and at West Byfleet his ready er |n|gness to e g In any social
orp triotic movement led him to_take a keen interest in golf and to initiate
the Home Guard movement in his district. AR T
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Geology and Development,

760.* Drilling in United States Levelling Off at Reduced Rate. Anon. Oil Wkly,
11.5.42, 105 (10), 33.— The daily average rate of well completions in April was only
slightly below the March rate, and nearly as many wells were drilling or rigging on
1st May as on 1st April. 1366 wells were completed in the four weeks ended 25th
April, 1942, a daily average of 48-8, compared with 50-2 for March.

North Louisiana, Mississippi, New Mexico, West Texas, the Texas Panhandle,
New York, Pennsylvania, and West Virginia have had more completions during the
first four months of 1942 than during the corresponding period of 1941. 1999 wells
were drilling on 1st May, 1942.

D ata are tabulated by States and districts concerning the drilling activity in April
1941, March and April 1942, the cumulative completions during the first four months
of 1942, and the activity on 1st May, 1941, and 1st April and 1st May, 1942.

G. D. H.

761.* Florida Leasing Activities Showing Increase. 1. 0. Heyck. Oil WKkly, 18.5.42,
105 (11), 41.— Much of the acreage under lease in Florida was leased late in 1939 and
early in 1940. At present 3,605,000 acres are under lease, and they lie in five general
areas : (1) Panhandle or West Florida (948,500 acres); (2) west flank of Ocala uplift
(780,100 acres); (3) east flank of Ocala uplift (180,000 acres); (4) south-south-west
flank of Ocala uplift (666,400 acres); (5) Everglades basin (1,030,000 acres).

1) D
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In October 1941 marine leases were granted along the west and south coasts of
Florida, and some 12,000,000 acres have been taken up on eighteen-month geophysical
options. G. D. H.

762.* Typical Oil-field Structures ; Complexly Faulted Dome, Eola Field, Avoyelles
Parish, Louisiana. Anon. OQOil Gas J., 21.5.42, 41 (2), 50— The Eola field is along
a trend associated with wedging sands, but it lies some distance from the old shore-
line. The beds thicken towards the Gulf, and the coastwards dip is broken by salt
domes and by faulted domes not definitely known to be associated with salt, which is
generally considered to be Jurassic in age. The faulted domes may be due to com-
paction of soft formations around salt cores, or to adjustments in a subsiding wedge
without being localized by salt or other resistant plugs.

Eola is a roughly oval dome on a broad, gentle regional nose on a seaward-dipping
monocline. Most of the faulting cannot be traced above the Vicksburg, due to rapid
facies changes rendering correlation difficult. The throw of the faults decreases
upwards. The northerly closure dies out in the Cockfield.

The Cockfield and Sparta sands carry oil, but the main production is from the
Wilcox. The different fault-block segments behave differently and have different
bottom-hole pressures, although the water-level is the same.

The Cockfield is predominantly sandy and of near-shore or lagunal origin, with
much carbonaceous m atter which may be the source of the oil. The Wilcox is a black,
silty, lignitic shale of shallow marine or lagunal origin.

The Wilcox production is not limited to the upper part of the form ation, and as the
Wilcox locally is several thousand feet thick, the possibility of picking up local shore-
line trends is very great. The same is true of the Sparta, Cockfield, and still higher
horizons.

Surface and subsurface geology are of little value in locating these deep-seated,
complexly faulted domes. The reflection seismograph with the guidance of regional
geology is responsible for most of the discoveries made so far. G. D. H.

763.* Results in South Caesar will Influence Carrizo-Wilcox Play. F. L. Singleton,
Qil Gas J., 21.5.42, 41 (2), 70.— The first commercial Carrizo production of South-
west Texas has recently been found just south of the old Caesar field. Three wells
have revealed the existence of an important reserve, and a second 50-ft. sand has been
found. Production is spread over a mile in a north-east—south-west direction on
an elongated structure parallel to the Caesar field fault. The discovery wellwas
completed at 6552-6557 ft. for 127 brl./day of 42-gravity oil on (-in. choke.

Tho second sand, showing salt water and a little oil in the discovery well, is105 ft.
deeper. It was logged as carrying gas-distillate in a second well.

The discovery well seems to be near the apex of the structure. Dry wells have
been drilled which appear to lim it the field to the south-east.

The area was leased on the basis of subsurface work, checked by geophysics.

The discovery has led to special attention being paid to other old Pettus sand-fields,
many of which are practically depleted, but which can be regarded as favourable
prospects in the light of recent developments. Deeper drilling is already under way,
at Tuleta and West Tuleta. G.D. H.

764.* April Completions Show Small Increase ; Fewer Drilling Wells. Anon. Oil
Gas J., 21.5.42, 41 (2), 11— 135 more wells were completed in April than in March,
but the increase is partly due to Working on a weekly basis and making April a five-
week month. 20% of the completions were in the Appalachian district, which had
40% of the gas-wells. Ohio and Michigan showed considerable increases in activity,
with Illinois and Indiana slightly ahead of March. Illinois completions were only
22% of the number for September 1941, and Oklahoma and Kansas had only 50%
and 60% respectively of the activity at the corresponding time.

The numbers of completions in April and types are tabulated by States and districts,
with the footage, and the numbers of wells in certain depth ranges. G.D.H.

765 Location made in South Dakota for Test to Pre-Cambrian. Anon. Oil Gas]J .,
21.5.42, 41 (2), 89.— Nearly 5,000,000 acres are reported to be under oil and gas lease
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in South Dakota. The first deep test in Hughes County is to be drilled to the pre-
Cambrian, which is estimated to be not more than 4500 ft. deep. It is on a 30,000-
acre lease on a magnetic high. A teston the other side of the Missourihad oil showings
in the younger form ations. Tests drilled to the north and east found strong artesian
flows in the Dakota and Sundance series. One found much gas in the Dakota. Little
information has become available on three oil tests undertaken in South Dakota
last year. G.D.H.

766.* lllinois Production Trend may be Reversed. H. F. simons. Oil OasJ., 18.6.42,
41 (6), 16.— The lllinois daily production of oil in May was 281,000 brl., compared
with 287,000 brl. in April, but it is felt that the downward trend may end after May,
as has happened in previous years. The downward trend may be stopped by new
discoveries or extensions, by multi-zone production technique, or by a well-planned
deepening cam paign.

During May there was evidence of an increase in wildeatting. In numerous cases
there are possibilities of two-zone production, but not many pools seem favourable
for deepening.

Secondary recovery programmes are becoming commoner in Illinois. Repressuring
and water-flooding are being employed.

Tables show the new field discoveries and extensions in Illinois up to 9th June,
1942, with the location, depth, producing form ation, initial production, and number
of wells; the number of permits for wildcats and pool wells issued each month since
October 1941 ; and the completions by pools and form ations so far this year.

G. D. H.

767.» Kansas Wildcat Campaign Keeps Near Proven Areas. Anon. OilOasl., 18.6.42,
41 (6), 66— Fifteen new producing areas and new oil horizons have been discovered
in Kansas during the first half of 1942. Only one discovery was over 3 ml. from a
developed area. On the north-western extension of the Central Kansas U plift no
discoveries have been made north of the Ray pool. Wildeatting declined 50% in
the first half of 1942 and the percentage of dry holes was doubled.

A gas discovery was made in Barber County, where two new oil-zones were found
in old pools. A new Burbank sand-pool was found in Cowley County and a Missis-
sippian pool in Marion County. The finds ranged from the Pennsylvanian to the
Cambrian in age.

The Barber County gas discovery was in the Viola, but the well also showed oil
saturation in the base of the Lansing, top of the Mississippian, Viola, and Simpson.
A series of isolated developments are rapidly merging into a single stratigraphie trap
accumulation on the south-east flank of the Central Kansas Uplift. Schweizer is the
mostnortherly of five producing localities on the Peace Creek trend, and was discovered
in February. The Smyres pool produces from the Mississippian chat. The Ray
pool has been extended westward in the Reagan sand. At Lindsborg, which has also
been extended, the Viola yields oil.

There are a series of north-east to south-west trends south of the Central Kansas
Uplift, and a majortrend parallel to the main high from Zenith north-west, and another
parallel trend is developing from Cunningham at least into Pawnee County. How-
ever, many ofthe poolsonthe subsidiary trends were abandoned or had small quantities
of gas and were not developed beyond the two-well stage.

A map shows the oil and gas discoveries in Kansas during the first half of 1942.

G. D. H.

768.» May Completions Hold Steady at Rate of 45 Daily. Anon. Oil GaslJ ., 18.6.42,
41 (6), 84.— 1421 wells were completed in U.S.A. in May, 846 being oil-wells. During
May 1941 2669 wells were com pleted, 1879 being oil-wells and 554 dry. The indications
of May 1942 are that wildeatting is still relatively near the 1941 level, but that the
40-acre spacing for oil-wells and the 160-acre spacing for gas-wells have greatly cur-
tailed developmental drilling.

There were thirty-six more completions in Illinois in May than in April, and thirty-
two less in Kansas. There was little change in the other States. The new Paluxy
discovery in East Texas and the Tuscaloosa find in East Central Louisiana willprobably
increase wildeatting in those sectors.

DD2
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The May operations are summarized by States and districts with the number of

completions, oil, gas, or dry, the numbers in certain depth ranges, the footage drilled,

and the number of wells drilling. G. D. H.

769.* Pressing Development Work in Alberta. Anon. Oil Wkly, 29.6.42, 106 (4),
46.— Areas not yet developed along the 20-ml. proven length of the Turner Valley
oil-field are being intensively drilled. Efforts are being made to extend the field
both north and south. In the northerly extension a well has been drilled into the
upper and lower porous producing zones of the Madison. This well is on the east
flank of the structure.

Outside Turner Valley the main contribution to increased production has been
from Vermilion, where there are sixteen producing wells. G.D.H.

770.x Discoveries in Los Angeles Basin Fail to Maintain Reserves. L. P. Stockman.
Oil GasJ ., 2.7.42. 41 (8). 54.— The Los Angeles Basin had produced 2,834,508,909 brl.
of oil up to the end of May 1942. Al but a very small proportion of the production
has been obtained from the Repetto (L. Plioc.) and the Puente (U. Mioc.), except at
Long Beach, Inglewood, and Potrero, where the Pico (U. Plioc.) is productive. The
basin has four structural trends parallel to the coast, and each trend has several
fields. These trends are the Beverly-Newport line of shearing, the Playa del Rey-
Wilmington trend, the Brea-Olinda-Montebello trend, and the Coyote Hills uplift.
The Los Angeles Basin resembles the San Joaquin Valley in having many fields on
the rim of the basin, accumulations following well-defined lines of folding and faulting,
and general structural trends running north-west to south-east.

In the last ten years discoveries in the Los Angeles Basin have been few and far
between, Wilmington being the only majordiscovery. Deep drilling revealed additional
zones at Montebello and extended Dominguez westwards in 1939. |In 1940 the
Miocene Sentous zone was found to be highly productive at Inglewood, but the slow
development has prevented its assuming importance. Turnbull Canyon, discovered
in 1941, is only of secondary importance. The structure is a plunging, faulted nose
cut off by a fault, with oil at about 3500 ft., probably from the Sycamore Canyon
sand (U. Mioc.).

This year oil has been found at Buena Park at about 8900 ft. It is believed to be
on a north-westerly-plunging nose, and may be from the equivalent of the Bell zone
(Plioc.).

Unless a new line of folding is discovered it seems unlikely that many major dis-
coveries will be made. Recently there has been a tendency to explore the rim of the
basin, and in the east, where only relatively shallow drilling is necessary, previous
work has shown heavy oil with doubtful com mercial possibilities.

The area between El Segundo and Playa del Rey is to be tested, and deep sand
production may be sought in the old Salt Lake field. Many believe that deep pays
exist in the old Los Angeles City field. Only one well has been completed at Yorba
Linda. This gave 766 brl. of oil and 276,000 cu. ft. of gas/day from a depth of about
2300 ft. A deep test is being drilled at West Coyote.

The Los Angeles Basin fields are listed with the discovery date, number of producing
wells, cumulative production up to the end of 1941, type of structure, depth, oil
gravity, and average pay thickness. G. D. H.

771.* South Kansas Discoveries Open Shallow Pennsylvanian Trend. Anon. Oil
Gas J., 9.7.42, 41 (9), 56.— The discovery of Lansing-Kansas City lime production in
the Lake City field proves a new trend running from Sun City in the north-west to
Medicine Lodge in the south-east, a distance of some 20 mIl. The new Pennsylvanian
discovery at Lake City was in an old well plugged back from the Arbuckle. Sun City,
10 ml. to the north-west, also produces from the Pennsylvanian, the discovery well
again having been plugged back from the Arbuckle.

The third Pennsylvanian sand discovery well on this new trend is 1 ml. south of
the Whelan Mississippian chat pool. This was completed in the Elgin sandstone
with an initial potential of 3,900,000 cu. ft. of gas/day.

A table summarizes the geological data for the three Pennsylvanian discovery
wells in northern Barber County, Kansas, and a map shows the positions of the wells.

G. D. H.
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Geophysics and Geochemistry.

772.* Resistivity Method oi Locating Oil and Gas Pays. 1. L. Harper. Oil Gas
11.6.42, 41 (5), 64— Electrical resistivity exploration has been carried out in and
near oil-fields in various parts of the U.S.A. and Canada, the areas examined including
jocks of most ages from Tertiary to the Cambrian. Both alternating and direct
current were used, being supplied by a generator or batteries respectively. The best
results were obtained with direct current.

The field procedure is briefly described, and a short account is given of the results
of some of the investigations.

Under average field conditions 150-250 ft. in depth penetration can be done in an
hour after the station is set up, and three to five stations can be occupied in a day.
Depths of over 7800 ft. have been examined, and oil and gas can be located from the
surface before drilling, the depth of the accumulation being indicated quite accurately.
However, itis not known whetherornotthis can be done underallgeological conditions.

G. D. H.

Polymerization and Alkylation.

773.* Economics of the Alkylation Process in the Production of High Octane Gasoline.
R. G. Lovell. Petrol. Engr, March 1942, 13 (6), 27.—W hen planning the installation
of an alkylation plant a survey of the availability of butylenes and isobutano in plant
products must first be made. Consideration must then be given to the largest amount
of butylenes which can be economically segregated for alkylation purposes, as this
will determine the size of the plant to be installed. The surveying method is illustrated
by considering hypothetical outputs and analyses of cracked gases, pressure distillate,
and straight-run gasoline from a conventional refinery operating prim ary distillation
and cracking plants and equipped with vapour-recovery systems. The availability
of butylenes will depend on such plant factors as depth of cracking, vapour pressure
of stabilized pressure distillate, blending agent employed, etc. The quantities of iSO-
butane available from vapour-recovery systems, stabilization of the straight-run
gasoline and of pressure distillate, should next be ascertained. If these quantities
are insufficient to balance the butylenes available, the suggestion is made that a natural
gasoline of 26-27 |Ib. Reid vapour pressure be obtained, stabilized in the plant to
about 14 Ib. vapour pressure, and the additional isobutane required extracted from
the overhead product in a depropanizer-debutanizer unit. By taking a naphtha
cut on prim ary distillation in addition to the gasoline and blending the mixture with
the stabilized natural gasoline, an increase in the amount of straight-run gasoline
base stock for premium-grade motor fuel could also be obtained. Flow diagrams
of the various units are provided. R. A. E.

774.% See Supply of Aviation Gasoline Enlarged Through Hydrofluoric Acid Alkylation.
Anon. Nat. Petrol. News, 29.4.42, 34 (7), R. 131.— The new process is summarized
as one in which isoparaffin hydrocarbons are alkylated with mono-olefinic hydro-
carbons in the presence of liquid HF. It is claimed that propylenes, butylenes, and
pentylenes may be alkylated either singly or together, thus making possible the use
of very large quantities of cracked gases. The reaction takes place in the liquid
phase, and since liquid H F boils at 20° C., tem perature must be kept below 20° C. at
atmospheric pressure. In the batch process described liquid isobutane and liquid
HF are introduced separately into a line and mixed by charging through a pump,
the butylene, or butylene and isobutane, then being admitted to the line. The
mixture passes to a cooler*where the reactions proceed, and then to a settling tank.
The hydrocarbons are fractionated, unconverted m aterial being recovered overhead.
Alkyl fluorides, produced as side reactions, are decomposed in contact with granular
NaF or HF, the recovered hydrocarbon being recycled. H. G.

775. Patents on Polymerization and Alkylation. Anglo-iranian 0il Co. E.P.
546,037, 24.6.42. Appl. 23.12.40. In a process for the polymerization of olefins for
the production of motor spirit a solid phosphoric acid catalyst is used, composed of
erf/iophosphoric acid, copper orthophosphate, and calcium orifwphosphate. The ratio
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of oW/iophosphoric acid to the copper orifiophosphate and calcium ori/iophosphate is
higher than the ratio 4:1:1, but not substantially higher than the ratio 8:1 :1.

H. Wolthan. U.S.P. 2,281,613, 5.5.42. Appl. 13.3.41.— Polymerization of
m aterial selected from the group consisting of butadiene— 1-3 hydrocarbons and
mixtures of butadiene— 1-3 hydrocarbons with copolymerizable compounds having
a single C-C double linkage in aqueous emulsion in the presence of mercaptana
having at least 6 carbon atoms in aliphatic linkage.

C. N. Kimberlin. U.S.P. 2,281,979, 55.42. Appl. 21.10.39. Process for the
removal of over-polymerized constituents from polymerized oils by treating with a
mixture of low-boiling petroleum hydrocarbons and a light oil boiling in the lubricating
range.

K. Smeykal and K. R. Leuna. U.S.P. 2,282,499, 125.42. Appl. 1.9.38. Im-
proved method of depolymerizing polymers of low-boiling olefins by passing them at
an elevated temperature over a surface-active clay catalyst in which the clay itself
is the effective catalytic component. Depolymerization is effected in the presence
of an appreciable amount of steam, which operates on the clay itself to maintain the
catalytic activity thereof. H. B. M.

Drilling.

776.* Drill Stem on Rotary Rig Cleaned with Steam. Anon. Petrol. Engr, june
1942, 13 (9), 44— The pipe in the rat-hole is belled at the top and steam is connected
to it. When the drill-stem is run into the rat-hole at the beginning of a trip out of
the hole, or when waiting to set in another joint of drill-pipe, it is steam-cleaned as
it is run in to remove drilling mud, old lubricant, etc. Part of the waste cleaned
from the drill-stem and mud from the rotary hose drain down into the rat-hole pipe,
and part drains off to the side beneath the rotary floor through a number of holes
about 2 in. in diameter cut with a torch. When the rat-hole fills to the surface of
the ground it overflows on to the ground through the 2-in. holes. A. H. N.

Transport and Storage.

777.* Reducing Internal Corrosion of Gasoline Pipe-Lines. w . A. schulze, L. C.
Morris, and R. C. Alden. Oil OasJ ., 6.11.41, 40 (26), 172.— Although some 12,000
miles of gasoline pipe-line is in existence in the U.S.A., most is of recent construction,
and only thirteen companies operate lines of more than 200 miles in length. Methods
adopted by them for combating internal corrosion of the line are tabulated. Apart
from procedure designed to reduce the quantities of air and water entrained and the
use of scrapers, three methods utilized are : (a) removal of oxygen by means of sodium
sulphite, (6) removal of water by dehydration of gasoline, (c) use of mercaptobenzo-
thiazole (Rokon) dissolved in the gasoline as corrosion inhibitor.

One company previously using sodium sulphite has now discontinued the practice,
and another, whilst still injecting, reports little tangible proof of the value of the
addition. One company which reduces the moisture content of products pumped
by 40/50% by means of bauxite has found the process beneficial, but it is pointed
out that a disadvantage may arise due to introduction of water into the line during
maintenance and retention of water in sections of line in hilly country.

The experiences of 2 years’ operation with inhibitor added to gasoline at two
pumping stations on a long line are recorded. Observations were made on test-bars
weighing 500 gm. prepared from the same steel as the line, and inserted in the line
at distances up to 100 miles from the injecting stations, and com parative observations
were made on a section of the line more distant from the inlet end and where no
inhibitor was injected. The results show very little corrosion of bars up to 100 miles
from the injection point, but increasing with distance from that point in the case of
inhibited gasoline. Bars in the uninhibited section showed rather severe corrosion.
Losses in weight of bars after scale removal expressed as percentage per annum were
nil from an inhibited section and 2-2-5 for uninhibited sections. Measurement of
rust and scale from sediment traps on the intake side of pum ping stations over a period
of 6 months yielded comparable results, although differences in scraper usage and
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flow rates may have contributed somewhat to differences in scale removal in various
sections of the line. Examination of a small number of pipe-sections removed tends
to confirm the value of the inhibitor, and so a third inhibiting station is shortly to
be installed. Since the life-period of the inhibitor will vary with the type of gasoline
pumped, careful control is necessary to decide the length of line which one station
may protect. Intermittent injection may produce the desired effect, but further
research on these problems is required. Another company using the process on a
50-mile section of 6-inch pipe-line found that it gave increased line capacity with
reduced scraper usage, but that the cost of the inhibitor plus injection expenses did
not justify its use. The economics of inhibitor usage are discussed. R. A. E.

778.* Method of Determining Pipe-Line Corrosivity Due to Soils. Paul F. Marx.
Petrol. Engr, Feb. 1942,13 (5), 29.—The theories of a variety of authors are discussed
and the principles of J. F. Putman are used to derive a fundamental equation con-
necting corrosivity with the specific resistance of the soil.

An instrument (of which a photograph is given, but which is not described) has been
developed to establish the degree of corrosion and to predict pipe-life. Correlation
of results given by the instrument and by U.S. Bureau of Standards pipe specimens
shows that it should have practical use in construction and reclamation programmes.

A variety of data obtained with different soils, etc., are given in graphic form.

J. C

779.* A Practical Application of Zinc Anode Protection to an 18-in. Pipe-Line. C. L.
Brockschmidt. Petrol. Engr, Feb. 1942, 13 (5), 74.—A detailed description, with
many graphs, of a successful protective installation to a pipe-line in highly corrosive
river-bottom land. Seven years after laying, the pipe-line began to spring leaks with
increasing frequency and zinc anodes were finally installed.

Data obtained are given in the form of curves showing (a) soil-resistivity profile
of terrain, with data bearing on the corrosion problem, (b) and (c) pipe/soil potential
profiles for a series of six surveys made over a period of 830 days from the time zinc
was connected, (d) current output of each cell of ten anodes, (e) and (g) zinc/soil
potential, (/) open-circuit voltage zinc/pipe. Much of the data is also tabulated.

A few general suggestions are made for improvement in future installations.

J. C

780. Practical Methods for Storing Volatile Liquids. D. E. Larson. Nat. Petrol.
News, 1.4.42, 34 (13), R. 105.—The subject is discussed principally from the point
of view of the minimizing of losses which are discussed under different headings.
Sundry charts, which are reproduced, permit losses to be calculated and facilitate the
choice of the most suitable type of storage. A means of assessing storage costs is
also given. The classes of service to which the basic types of storage are best suited
are : 1. Atmospheric tanks with fixed roofs and conservation valves for fuel oil,
kerosine, low-volatility products. 2a. Breather roofs for gasoline in tanks that
remain full or nearly full. 26. Balloon roofs of large volume for gasolines in slow-
working tanks. 3. Floating roofs for gasolines in tanks that work either continuously
or intermittently. These roofs offer maximum fire production. 4. Pressure tanks
are the only practical means of storing natural gasoline and similar light products.
5. Underground storage is so expensive as to be justified only onthe grounds of
national security or because of city regulations. H. G.

781.* Savings from Painting of Gasoline Storage Tanks.  Anon. Oil GasJ., 16.4.42,
40 (49), 51.—Tests conducted in the New York Cityarea over anentire summer

period on tanks filled with regular grade gasoline and having standard gooseneck con-
nection showed the following losses expressed as percentage by weight: painted black,
9-2%; unpainted (average), 8-4%; painted aluminium, 7-28%; painted white,
5-60% ; sunshaded, 5-18%. In the case of a 1000-brl. tank, it is estimated that the
cost of labour and material for painting the whole tank white would be paid out in
one and a half summers by the value of the gasoline saved, assuming the white paint
has no effect on evaporation losses in winter months. Painting the roof only would
be paid out in just over half a summer on a similar basis. R. A. E.
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Crude Petroleum.

782.* Viscosity of Crude-Oil Emulsions. Wm. Woelflin. Oil Gas J., 19.3.42, 40 (45),
35 Viscosity determinations were made mainly on brine-in-oil emulsions of both
small and large particle size. The apparatus consisted of a reservoir with a paddle-
stirrer from which a uniform mixture flowed to a funnel, the rate of flow being adjusted
to keep the funnel constantly overflowing. The time of efflux of 100 ml. of sample
was measured. Results were correlated with Saybolt Universal seconds by means
of determinations with transformer oil, glycerine, and various crude oils, using the
A.S.T.M. viscosity-temperature chart to convert observed viscosities to the same
temperature. There is a straight-line relationship between Saybolt and funnel
viscosity. Results are expressed in terms of “ viscosity ratio ”—i.e., the ratio of
the viscosity of the emulsion at any temperature to the viscosity of the clean oil at
the same temperature.

Using artificially made emulsions, the effects of particle size and of brine content
were determined, and are shown by means of curves. The effect of particle size
becomes of importance only at over 30% concentration. With increasing brine
content viscosity gradually increases to about 40% brine, then abruptly to about
70-80%, at which stage there is generally a phase inversion to brine as the external
phase and brine-in-oil emulsion as the internal phase, causing a drop in viscosity to
just above that of 100% brine. Near inversion point the viscosity is very high, and
the emulsion at this point, especially if the brine is finely divided, can be considered
as a plastic solid. The conclusion of practical importance is that crudes should be
pumped at low brine content or at extremely high brine content, although the latter
case will involve pumping a very large volume of fluid.

A few experiments carried out on temperature effect showed theviscosity ratio
for a given brine content to be independent of temperature. J. C

Gas.

783. The Thermal Properties of a Wet Gas. G. G. Brown and F. Kurata. Petrol.
Engr, Dec. 1941, 13 (3), 23.—Enthalpy-entropy and temperature-entropy diagrams
for wet gases, such as condensate, are presented, together with examples of the calcula-
tions necessary for their construction. The diagrams can be used for accurate calcula-
tions involving thermal properties—e.g., the computation of the drop in temperature
accompanying a free expansion. J. C

784.* Eliminating Hydrate Formation in S. Texas. F. H. Dotterweich. Petrol.
Engr, March 1942, 13 (6), 83.—Production of high-pressure natural gas in S. Texas
producing areas is being accompanied by many problems relating to hydrate formation.
The conditions existing, however, do not warrant the installation of dehumidifying
plants in gathering lines, transmission systems or cycling plant operations. In most
cases hydrate formation is induced only at infrequent short intervals, and heaters and
heat interchangers are being employed. The work of Deaton and Frost is of great
assistance in the design and operation of such equipment, and illustrations of the
application of their data are given. In the removal of condensate in cycling plants
three general methods are being used : (1) high-pressure oil absorption, (2) extreme
cooling and separation with or without dehydration, (3) moderate cooling and separa-
tion. Application and operation of heaters and heat interchangers to permit satis-
factory condensate removal and avoidance of hydrate formation are described.
Insulation of the entire conditioning equipment to eliminate effects of variations in
temperature and atmospheric conditions has been found to be of great value in a
plant of the third type employing low-pressure oil absorption. The method employed
in this plant for dealing with gases of varying character from different producing
wells is also described. R. A E.

Cracking.

785.* True Vapour Phase Process in Advanced Stage of Commercial Application.
Anon. World Petrol., 1941, Ahn. Ref. Issue, 12 (11), 76.—In the T.V.P. process
excessive gas formation is avoided by using as the heat medium for the vaporized
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cracking stock a recirculated highly heated gas stream. A T.V.P. reforming unit
recently constructed at Buffalo, N.Y., handles 1400 brl. of heavy and 800 brl. of light
naphtha per diem, producing 91% of 401° F. E. Pt. gasoline of V.P. 9-3 Ib. and O.N.
750. The addition of 1 c.c. of lead increases the O.N. to 82-5. The combined
vapour-phase thermal cracking and pyrolysis of the recycle gas results in very complex
reactions, including polymerization, isomerization, dehydrogenation, hydrogenation,
and alkylation. The total cost of the plant is given as S100 per barrel of heavy
naphtha processed, so that the process wquld appeal to small refineries unable to
afford the high investment costs of modern catalytic and reforming processes. An
interesting potentiality of the process is the production of butadiene by increasing
the reaction temperature and reducing the reaction time, treatment of a Pennsylvanian
gas-oil giving 5 03% of butadiene out of a total yield of 14-94% of C.4 fraction. A
10,000-brl./day unit would thus produce approximately 25,000 tons per annum of
butadiene. Aromatics may be produced at lower temperatures and longer reaction
times, yields of 3-28% and 3-65% of toluene being obtained from E. Texas gas-oil
and 200/400 111 naphtha, respectively. Details of yields from a semi-commercial unit
are given, yields of up to 94-5% of gasoline being obtained, while the gases introduced
show up to 50% conversion to gasoline.

A new T.V.P. cracking process has been worked out to operate on a reduced crude,
but no operating date is at present available. C. L. G

786.* Polyform and Gas Reversion Processes. E. R. Smoley and V. O. Bowles.
Oil GasJ 6.11.41, 40 (26), 143.—In the U.S.A. approximately 100,000 brl. a day of
naphthas, propane, and butane are processed in polyform and gas reversion plants,
of which fourteen are in operation and four under construction. A.S.T.M. octane
ratings of gasolines which can be produced with satisfactory yields from various
charging stocks are : from straight-run heavy naphthas 76-80, from gas-oils of all
types 74—#6, from reduced crude 70-72, from heavy cracked gasoline 76. Inclusion
of propanes and butanes from refinery or natural gas sources is advantageous in pro-
cessing and provides additional quantities of high octane gasolines; about one-third
of feed to existing plants consists of C3and C4fractions. The spread between A.S.T.M.
and Research octane ratings of the gasolines produced ranges from 9 to 14 points.
Aviation fuels meeting Army specifications and having an octane rating up to 91 with
addition of less than 4 mis. T.E.L. per U.S. gal. can also be prepared. A description
of the naphtha polyform process with provision for intake of C3 and C4 fractions is
given, together with flow-sheet diagram. The application of the process to cracking
of crude oil is illustrated by flow-sheet and described. The plant considered has a
crude capacity of 22,000 brl. a day and replaces the conventional type of crude topping
and cracking unit, a thermal polymerization unit, and a gas compression and absorption
plant. Crude is charged via heat exchangers and a heater convection bank into an
atmospheric topping tower, and straight-run gasoline is removed from the top. Heavy
naphtha and kerosine side-streams are withdrawn through stripping-towers, and below
the kerosine draw-off a straight-run gas-oil fraction is removed. This gas-oil with
admixture with propanes and butanes is charged directly to the gas-oil polyform
coil, where 3475% of gasoline per pass is obtained. Heavy reduced crude from the
bottom of the atmospheric tower is charged hot to the polyform viscosity-breaking
coil after admixture with a side stream from the heavy tar stripper and propanes and
butanes. Conversions per pass of 14-16% are obtained. Light recycle stock from
the base of the fractionating tower is charged to the recycle coil with admixed pro-
panes and butanes, yielding 25—32% gasoline per pass. The C3 and C4 fractions for
these three coils are obtained from the stabilizer overhead, and consist of approxi-
mately 25% butanes, 75% propanes. Heavy naphtha passes over the absorber to
remove C3and Carecycle from the residue gas and the enriched naphtha is charged to
the naphtha coil.  All four coils discharge to a common separator tower, the bottoms
from which pass to the tar stripper, where fuel of the desired gravity is removed as
bottoms; overhead fractions pass to the bubble-tower, and a side stream is removed
for admixture with reduced crude prior to entering the viscosity-breaking coil.

The economics of butane and propane conversion in a naphtha polyform unit are
discussed, and an example is given of a method for obtaining high yields of 100-octane
aviation base and 73-octane motor fuel from casing-head gasoline of 26 Ib. vapour
pressure. This method involves separation of isopentane, n-butane, and isobutane,
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followed by distillation to yield aviation base-stock and heavy naphtha. The heavy
naphtha and n-butane would be charged to a polyform unit to produce motor gasoline
and a butane/butylene fraction which would be charged to an alkylation plant,
together with the ¢.sobutane, producing aviation alkylate and n-butane for recycle
to the polyform plant. Blending of alkylate, isopentane, and aviation base-stock
provides the 100-octane aviation base. Yield-octane relationships obtained from
plant data when operating on 45-octane number mixed Texas naphtha with additional
propanes and butanes are presented, and similar data provided for Californian naphtha
of 58 octane number from pilot-plant operations. R. A E.

787. Patents on Cracking. G. C. Connolly. U.S.P. 2,281,919, 5.5.42. Appl. 6.12.38.
Method of cracking hydrocarbon oil to form lower-boiling hydrocarbons which
involves contacting the oil at cracking temperature with a catalyst comprising a
composite gel of silica and alumina containing up to 1% of an oxide of an element
of group Il taken from the class consisting of beryllium, magnesium, and cadmium,

K. M. Watson. U.S.P. 2,282,273, 5.5.42. Appl. 7.6.40.—Method of conversion
of hydrocarbon oil by oatalytically cracking a relatively light oil in the presence of a
powdered cracking catalyst and under sufficient pressure to maintain a substantial
portion in liquid phase. The vapours are separated from the catalyst, and one
portion of the catalyst containing liquid reaction products is returned to the cracking
operation. Another portion of the liquid reaction products substantially free from
catalyst is subjected to pyrolytic conversion, together with a residual hydrocarbon
oil. Cracked vapours are fractionated from this conversion process to separate reflux
condensate from the fractionated vapours and at least part of the reflux condensate
is passed to the catalytic cracking stage.

H. E. Drennan. U.S.P. 2,282,602, 12.5.42. Appl. 15.3.38. Method of conversion
of low-molecular-weight olefins to hydrocarbons of higher-molecular-weight, which
involves contacting the olefins with a catalyst comprising a moisture-free mixture
of phosphorus pentoxide and a metal oxide selected from the group consisting of the
oxides of copper, magnesium, iron, zinc, aluminium, tin, and nickel. The mixture is
previously calcined under moisture-free conditions with a binder which produces a
carbonaceous residue on heating.

G. Egloff. U.S.P. 2,282,855, 12.5.42. Appl. 29.6.40. Process for the conversion
of hydrocarbons which involves heating a flowing stream of the oil to be cracked to
a catalytic cracking temperature, while maintaining a dispersion of finely divided
catalyst in the said stream. The resultant heated oil and dispersed catalyst is passed
to one end of an elongated reaction zone, and the resultant conversion products are
removed from the other end of the zone. A portion of the conversion products and
catalyst are returned to the reaction zone, and from the remaining portion are separated
cracked vapours and catalyst containing residue. The vapours are fractionated to
form a reflux condensate, and afterwards to condensation to form distillate and un-
condensed gases. The distillate is recovered, and regulated quantities of the un-
condensed gases are returned to the reaction zone.

J. E. Ahlberg and C. L. Thomas. U.S.P. 2,282,922, 12.5.42. Appl. 20.3.37.
Conversion of hydrocarbons by cracking hydrocarbons heavier than gasoline in the
presence of an alumina-silica catalyst resulting from the co-precipitation of hydrated
aluminium and silicon oxides in an aqueous menstruum containing ammonium
hydroxide. H. B. M.

Refining and Refinery Plant.

788.* Solvent Refining Units at Ponca City Refinery. Anon. World Petrol., 1941,
Ann. Ref. Issue, 12 (11), 81.—Duo-sol, furfural, and methyl ethyl ketone units for
the solvent refining of motor and industrial oils have been installed at a Ponca City,
Oklahoma, refinery. These are integrated with the centrifuge dewaxing process
used to dewax oils, which has been modernized to utilize hexane as the solvent, and
also with the Bari-sol process. The Duo-sol plant handles 1600 brl. per day of
heavy vacuum-distilled lubricating oil, and the furfural plant 1200 brl. per day of
light wax distillate. The raffinate from the former is dewaxed in the hexane dewaxing
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unit, and that from the latter in the methyl ethyl ketone plant. A 130° F. melting-
point wax is produced from the M.E.K. crude scale wax. The Company’s motor oil
contains methyl dichlorostearate for greater film strength and thialkene to reduce
oxidation tendencies. a

789.* Obtaining Asphalt Flux by Reducing Michigan Crude Oil. J. C. Albright.
Petrol. Engr, Dec. 1941, 13 (3), 82.—A skimming plant, operated by the Producers
Refining, Inc., to produce a variety of products, is briefly described. It utilizes a
Michigan crude of mixed base, predominantly asphaltic, processing 2500 brl. daily.
A variety of overhead and side streams are yielded, together with a residuum of 15°
A.P.1., part of which goes to the vacuum reduction side of the refinery. The various
conditions of operation—for example, temperature and degree of vacuum—to produce
different products, such as S.C. 5 and S.C. 6, from the bottoms, are quoted. J. C.

790.* Blending to Improve Refinery Products. R. G. Lovell. Petrol. Engr, Feb.
1942, 13 (5), 41.—It is demonstrated how, after debutanization, the residual pentanes
plus may have their vapour pressure raised to normal requirements by blending in
n-butane, remaining from the de-isohutanizing operation. This, incidentally, will
have a beneficial effect on the octane number. Curves are presented showing the
amount of a natural gas component that can be substituted for another component
without altering the vapour pressure.

Boiling ranges of blends can be predicted, less accurately, by an involved method
of calculation, or by an easier graphical method.

It is shown how slight alterations in methods of plant operation may help to give
bottoms of desired characteristics, when recovering isobutane and butylenes.

Other advantages of control of distillation range, etc., which are not indicated by
the ordinary knock characteristics, have been demonstrated by the author by means
of a car fitted with a variety of unusual instruments, enabling the following to be
observed:—

Temperatures o f:—

Gasoline in carburettor bowl.
Air to carburettor.
Gasoline—air mixture at carburettor discharge.
Gasoline—air mixture at front-centre-rear of intake manifold.
Exhaust gas from each cylinder.
Exhaust gas composite.
Barometric pressure.
Air saturation.
Intake manifold vacuum.
Power (relative in terms of equivalent grade).
Air-fuel ratio ; each cylinder and composite.

Comparative, controlled tests with this mobile laboratory have shown that narrow
distillation range and a low 90% figure and final boiling point gave a distinct improve-
ment in performance, and it is considered that the better behaviour of the fuel in
the engine is due to more complete atomization.

isoPentane has an octane number of 89 and n-pentane of 69, so that substitution
of n- by iso- would be advantageous. It is suggested that isopentane be added to
butane and pentane-free stock to bring up the O.N., distillation range, vapour pressure,
and gravity to such points that the specifications for 91 octane gasoline are met by
adding the maximum amount of tetraethyl lead. Since iso- and n-pentane differ
only little in vapour pressure and boiling point, separation would be difficult, requiring
many trays, a high tower, and a high reflux ratio.

In general, response of hydrocarbons to tetraethyl lead depends on two factors :
the base octane number and the chemical composition. The latter depends on the
nature of the crude and the type of cracking practised with total sulphur content as
the principal depressing factor in lead susceptibility. The sulphur compounds
apparently react in the burning mixture to give lead sulphide, which is inactive as a
knock suppressor. A chart is given showing the degree in which lead susceptibility
is affected by the initial octane number of the base stock (assuming sulphur com-
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pounds to be negligible). The effect of sulphur compounds is shown graphically from
results obtained with a Californian straight-run, blends of this with heptene and blends
of heptene with butyl mercaptan.

Some general inferences are made relating to the effects on the refining industry
of the need for stock of high quality (other than cracked products) for aviation gasoline,
and the consequent possibilities for the refiner. J. C.

791.* Complete Extraction of Liquefied Petroleum Gases. J. C. Albright. Petrol.
Engr, Feb. 1942, 13 (5), 131.—A description, with a flow diagram, of a refrigerating
or sub-cooling system, installed by the Cabot Carbon Co. at its \\ alton refinery,
Texas, to obtain fuller extraction in the naturalgasoline plant. Originally con-
ventional practice was followed by absorbing the fractions from the rich gas by means
of two absorbers in parallel, with the absorption oil and gas cooled to the lowest
temperature practicable by ordinary atmospheric coolers—i.e., about 90° F. This
temperature was not low enough for complete extraction of propane and butane
necessary for the production of L.P.G. (liquefied petroleum gases). An additional
absorbing column, built in two sections, has now been installed, to follow the two
primary absorbers. Only the oil is chilled (to a temperature of 50° F.), the refrigerant
being liquefied propane. There is a series flow of gas from the base to the overhead
outlet, but an oil-collecting tray removes the oil from the lower part of the upper
section to be withdrawn and passed through another propane chiller (the temperature
again being reduced to 50° F.), from which it is immediately returned to the top of
the lower half of the absorber. The unabsorbed gas from the top of the secondary
absorber is used for fuel and carbon-black production, whilst theabsorption oil from
the base passes to a still. JeC.

792.* Influence of Alloy Additions on Corrosion Resistance. C. L. Clark. Oil GasJ.,
19.3.42, 40 (45), 48.—Results, obtained under specific operating conditions, for cor-
rosion resistance of steels to hot petroleum products are presented graphically. They
indicate that exactly comparable results may not be obtained from A.P.l. strip
specimens and from commercial tubes, but that both types of test show that increasing
chromium content imparts increasing corrosion resistance. Increased silicon content
and the addition of aluminium seem to improve the resistance of actual tubes to a
greater extent than in the case of the strip specimens. The character of the crude
and variations in operating conditions may shift the various curves, but it is con-
sidered that the steels will retain their relative order of merit, and the curves should
therefore serve as a useful guide in the selection of steels for refinery service. J. C.

793.* New Grapeland Plant Features Flexibility in Operation. W. C. Westbrook.
Oil GasJ., 16.4.42, 40 (49), 33.—A description is given of the construction and opera-
tion of one of the newest condensate-recovery and gas-cycling projects in Grapeland
field, East Central Texas. Facilities are provided for processing up to 53 million
cu. ft. of wet gas daily, and the plant at present handles the output from six producing
wells, residue gas from the high-pressure absorber being injected into one injection
well by compressors at a pressure of 2500 Ib. Separate flow-lines from each well
deliver gas to individual primary separators for initial separation of heavier condensate
fractions, which re-enter the system with the rich oil-stream to the high-pressure
re-absorber. After passing individual meters, the combined gases from the separators
pass to three absorbers, the first being the high-pressure absorber operating at 1600
Ib. pressure. The rich oil-stream from this absorber is combined with condensate
from the primary separators and passed to a scrubber, where hydrates are trapped,
and from thence to a high-pressure re-absorber operated at 400 Ib. pressure. The
low-pressure re-absorber operates at 70 Ib. pressure, and the flash-vapours from the
high-pressure re-absorber and vapours from the depropanizer feed-tank are recycled
for re-absorption and fractionation. A centrifugal pump feeds lean oil to the low-
pressure re-absorber and to the suction of a high-pressure pump, which feeds the
high-pressure absorbers.

The still operates at 80 Ib. pressure and has eight trays in the stripping section
and twelve in the fractionating section. The depropanizer and debutanizer are
described. The kerosine stripper takes its feed and reflux from the stripper
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section of the still, and is built into one column with the lean oil reclaimer, which is an
atmospheric fractionator, the feed and reflux of which come from the hot-oil circulat-
ing header at 480° F. Overhead vapours from the reclaimer are condensed, and pass
to an oil-water separator. The oil level is maintained by a liquid-level controlled
pump delivering to circulation or storage. Lean oil for heating the still, strippers,
etc., is circulated to the oil-heater from a surge-tank equalized in pressure and tem-
perature with the bottoms of the still. Plant fuel-gases are supplied by the light
fractions flashed in the high-pressure re-absorber. Auxiliaries, control methods,
and safety devices are described. Maximum daily production expected is about
65,000 gal. motor fuel, 25,000 gal. butane, 2500 gal. kerosine, and 500 gal. fuel oil.
R. A E.

794. The Performance of Refinery Gas Absorbers with and without Intercoolers.
R. M. Jackson and T. K. Sherwood. Nat. Petrol. News, 29.4.42, 34 (17), R. 134—)
Data, relative to full-scale refinery operations, are given for the operation of an ab-
sorber working on mixed gases. It is shown that the use of intercoolers increases
recovery, the advantage gained being greater in the winter than in the summer,
owing to the lower temperatures prevailing in the winter. The work afforded op-
portunity of comparing observed data with the results of standard calculation. It
was concluded that, with the exception of calculations involving methane, agreement
was good. H. G.

795. Patents on Refining and Refinery Plant. U. B. Bray. U.S.P. 2,281,667, 5.5.42.
Appl. 22.7.33. Method of refining petroleum oil which includes mixing the oil with
liquefied hydrocarbon gases having a vapour pressure greater than atmospheric,
cooling the mixture to a temperature sufficient to congeal the wax content, passing
the cooled mixture through a settling tank, and afterwards separating from it the
remaining portion of wax by filtration.

V. L. Chechot. U.S.P. 2,282,033, 5.5.42. Appl. 3.11.39. Process of refining
viscous hydrocarbon oil which involves adding to it a small quantity of finely divided
mica and talc and afterwards separating from the treated oil the mica-talc mixture
containing entrained acid-sludge.

W. J. Mattox. U.S.P. 2,282,231, 5.5.42. Appl. 19.441. Method of separating
ethyl benzene from a mixture containing essentially ethyl benzene and isomeric
xylenes. The mixture is fractionally distilled to remove a relatively lower boiling
fraction containing m- and p-xylenes and ethyl benzene from a residue of higher-
boiling o-xylene. The relatively lower-boiling fraction is subject to catalytic hydro-
genation to form a naphthenic hydrocarbon mixture, including cycZohexane and
dimethyl cycZohexanes. The mixture is then separated by distillation into dimethyl
cycZohexanes and an ethyl cycZohexane fraction, and the latter catalytically dehydro-
genated to give ethyl benzene.

M. A. Dietrich. U.S.P. 2,282,710, 12.5.42. Appl. 14.6.39. Method of inhibiting
the deterioration of hydrocarbons in the presence of metals normally active to catalyse
deterioration. Incorporated in the petroleum hydrocarbons is a small amount of
an organic compound having an amino nitrogen atom and a divalent sulphur atom,
each singly bonded to adjacent aliphatic carbon atoms in open-chain configuration.
The second valence of the sulphur atom is satisfied by a member of the group con-
sisting of hydrogen and aliphatic radicals.

L. U. Franklin and W. H. Weeks. U.S.P. 2,284,273, 26.5.42. Appl. 20.7.39.
Method of sweetening sour petroleum oils containing mercaptans by suspending in
a flowing stream of the oil, in the presence of an oxygen-containing gas, a substantially
dry solid mixture of asbestos, and a substance capable of reacting with the mercaptans
to form sweet sulphur compounds, and of regeneration by the oxygen-containing gas.

W. H. Rupp and K. E. Thorp. U.S.P. 2,284,592, 26.5.42. Appl. 23.3.40. Pro-
cess for the recovery and segregation of hydrocarbons containing three carbon atoms
in the molecule and fractions containing four carbon atoms in the molecule derived
from the cracking of petroleum oils.
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C. D. Marshall. U.S.P. 2,284,607, 26.5.42. Appl. 3.10.41. Method of dewaxing
a waxy petroleum oil-stock by admixing with it a solvent in amount to maintain
the mixture fluid at temperatures near, but somewhat above, final dewaxing tem-
perature. Then a second portion of solvent is added, and the mixture so formed
finally chilled to dewaxing temperature and the wax separated therefrom.

H. B. M.

Metering.

796.* Dew-Point Recorder Utilizing Photo-Electric Relay Safeguards Gas Line Against
Freezing. J- A. Setter. Petrol. Engr, Feb. 1942, 13 (5), 134.—A description, with a
schematic diagram, of a novel dew-point recorder utilizing a General Electric photo-
electric relay. Continuous readings are given of temperature at which condensation
occurs when natural gas enters the Denver metering plant of the Colorado Interstate
Gas Co. The gas passes through a gold-plated U-tube, immersed in a freezing solu-
tion, fitted with plate-glass windows, above which are mounted a General Electric light
source and photo-electric relay. When the gas is chilled a film of condensate is de-
posited on the inside of the U-tube, reducing reflection to the photo-tube, which
operates to disconnect the cooling coils and connect heaters to warm the solution.
The process repeats when the condensate disappears, and a recording-bulb-type
thermometer records the temperature of the solution, giving a curve similar to a sine
wave. The gas pressure is also recorded on the same chart, and from the two records
the dew-point is calculated. J. C

Chemistry of Physics and Hydrocarbons.

797. Heats of Isomerization of the Nine Heptanes. E. J. R. Prosen and F. D. Rossini.
Bur. Stand. J. Res., Wash., 1941, 27 (6), 519-528.—Calorimetric measurements have
been made which yield values for the differences in the heats of combustion of all the
nine heptanes except 2-methylhexane and 3-methylhexane for the liquid state at
25° C. Values for these two in reference to n-heptane were determined from the
corresponding values for the differences in the heats of combustion of n-hexane,
2-methylpentane, and 3-methylpentane, and of w-octane, 2-methylheptane and 3
methylheptane. These values for thé differences in the heats of combustion which
are also the heats of isomerization in the liquid state at 25° C. have been combined
with calculated values for the differences in the heats of vaporization to give values
for the heats of isomerization in the gaseous state at 25° C.

A description of the preparation of the heptanes is given. The calorimetric pro-
cedure was the same as that in the work on hexanes previously reported. The follow-
ing values were obtained :

Heat of isomerization AH for nC,Hie = iC7H 16.

lsomer. Liquid. Gas.

25° C. 25° C. 0° K.
k.-cal./mole. k.-cal./mole. k.-cal./mole.

«-Heptane _ — —
2-Methylhexane - 1-30 + 0-25 - 180+ 0-29 - 121+ 031
3-Methylhexane - 0-72 £ 0-25 - 118 = 0-29 - 042+ 031
3-Ethylpentane - 014 + 0-23 - 0-52 + 0-27 + 0-48 + 0-30
2 : 2-Dimethylpentane - 342+ 0-28 - 445+ 0-32 - 3-40 £ 0-34
2:3- - 2-18 + 0-26 - 2-80 + 0-30 - 171+ 0-32
2:4- . . - 254+ 016 - 340+ 022 - 2-32% 025
3=3 . - 2-44 + 015 - 324+ 021 - 223+ 0-24
2:2:3-Trimethylbutane . - 300+ 0-22 - 417+ 027 - 302t 0-30

O

. L.

v
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798. Free Energies and Equilibria oi Isomerization of the Butanes, Pentanes, Hexanes,
and Heptanes. F. D. Rossini, E. J. R. Prosen, and K. S. Pitzer. Bur. Stand. J.
Res., Wash., 1941, 27 (6), 529-541.—Values are reported for : (a) the standard-free
energy of isomerization divided by the absolute temperature AF (6) the relative
amounts of the several isomers present when at equilibrium with each other for the two
butanes, three pentanes, the five hexanes, and the nine heptanes, all in the ideal gaseous
state for the range 298-1000° K. The results are presented both in tabular and
graphical form. Comparison is made of these calculated values of the equilibrium
concentrations with the directly measured values reported by other investigators for
equilibria involving the two butanes, two pentanes, and four hexanes.

It is concluded that at 298° K. the normal isomer is thermodynamically the least
stable in each case, with the exception that 3-ethylpentane is less stable than n-
heptane. Relative to the other isomers, the normal isomer increases in stability with
increase in temperature, and at 1000° K. is among the most stable of the isomers.

At 298° K. the 2 : 2-dimethyl isomer is in each case the most stable, but it rapidly
becomes less stable with increasing temperature, and at 1000° K. is among the least
stable of the isomers. D.L.S.

799. The Alkyl Nitrates. Anon. Chem. Tr. J., 9.1.42, 110, 35.—Sharpies Solvent
Corporation in E.P. 540,150 of 1940 describe an improved method for production of
alkyl nitrates, particularly applicable to manufacture of propyl and amyl nitrates.
The process comprises treatment of an aliphatic alcohol with nitric acid of 35-68%
concentration, removing the nitrate by azeotropic distillation under a reduced pres-
sure, and returning or adding to the reaction mixture that component of the reaction
products which is in excess of the equimolecular proportion in the distillate, so as to
remove both products of reaction in equimolecular proportions and to prevent an
accumulation thereof in the reaction mixture. Auto-oxidation in the esterification
vessel is prevented by removing the alkyl nitrate from the vessel promptly after
formation. Urea solution is also added periodically in quantities sufficient to inhibit
oxidation. R. A. E.

800. Chlorinated Olefins. Chem. Tr. J., 20.2.42, 110, 207.—E.P. 542,086 of 1941
issued to Shell Development Co. of California describes a method for halogenation
via substitution of unsaturated aliphatic hydrocarbons with the aid of a catalyst at

temperatures about 300-310° C. in the presence of less than 2—3% oxygen.
R. A. E.

Analysis and Testing.

801.* Test Methods for Control of Gasoline Treating Processes. A. W. Trusty. Petrol.
Engr, Jan. 1942, 13 (4), 58.—The effect of excess sulphur and polysulphides on the
lead susceptibility and gum-inhibitor requirements of gasoline has emphasized the
necessity of proper treating. Several easy methods of testing stock, developed as
aids to the refiner, are described. These comprise —

(1) Hydrogen sulphide in raw stock by reaction with acidified cadmium chloride
solution.

(2) Mercaptan content of sour stock, by two methods :—

(a) The “ copper number ” test: addition of ammoniacal cupric sulphate
to the H2S-free stock until the blue colour persists.
(6) Addition of excess silver nitrate solution and back titration with am-

monium thiocyanate.

A knowledge of mercaptan content is valuable in copper chloride treating, in caustic
washing, and in doctor treatment. In the latter treatment it acts as an index of the
correct quantity of free sulphur for making the “ break.”

(3) Litharge in Doctor Solution by acidification with acetic acid and titration with
ammonium molybdate, using tannic acid as indicator.

(4) Butyl-mercaptan test. Addition of this reagent gives an orange or brown
precipitate if the gasoline contains corrosive sulphur.
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(5) Peroxides in gasoline by means of thiocyanate.
In addition, methods are described for the analysis of caustic soda containing
sodium sulphide and mercaptides, using potassium iodide-iodate reagent. J. C.

802. Fluorescence Analysis Reaches Practical Development Stage. F. B. Taylor.
Oil Wkly, 22.6.42, 106 (3), 27.—The fluorescence shown by oil has been used to detect
oil in mud streams, in cores, old and new, and in the examination of lubricants and
lighter stocks. o . . .

Ultra-violet rays striking an atom may drive an electron into a new orbit, and the
return of the electron to its former orbit may give out energy in the form of light.
Not all atoms can give rise to fluorescence, and certain wave-lengths of ultra-violet
light are needed to cause fluorescence in those substances capable of giving it.

Several sources of ultra-violet rays are available. Observations of fluorescence
must be made in the dark.

Experience is necessary to interpret the meaning of differences in the fluorescent
colours. It may be necessary to dissolve the oil in a solvent in order to observe the
fluorescence. In some respects the method is over-sensitive, and therefore all indica-
tions must be interpreted according to the circumstances. Thus cores too tight to
give commercial production may give brilliant fluorescence.

Substances other than oil may give fluorescence. G. D. H.

Motor Fuels.

803.* Sulphur Limits in Gasoline. Lowry and Egloff. Oil GasJ., 11.12.41, 40 (31),
52.—A reasoned plea is made for the relaxation of sulphur restrictions in gasoline,
and is backed by reference to many well-known authorities.

In parts of U.S.A. there is still in operation a sulphur maximum of 0-1% for gasoline.
This low limit was derived arbitrarily at a time when the sweet, relatively sulphur-
free crudes of the East and Mid-continent were abundant and were the main sources
of motor fuel. The newer, cracked spirits from Texas, California, etCj, caused anti-
pathy because they differed in colour, odour, gravity, and sulphur content, but in
all respects except sulphur the prejudice has been overcome. Strong evidence is
presented that only free sulphur and mereaptans are harmful, and these are invariably
removed by careful refiners. Other sulphur compounds, such as thiophenes, are
harmless. Actual corrosion in motor-car engines is shown to be due mainly to water
condensation, and in present-day cars is prevented by control of jacket-water tem-
perature and ventilation of the crankcase. A wide variety of examples of the use of
high-sulphur-content gasolines, without deleterious effects, are quoted, including an
abnormal example of a mixture containing 5% carbon disulphide, which caused no
damage. Further arguments are based on diesel-fuel specifications, and perhaps the
authors’ strongest point is the fact that high-sulphur-content spirits have been used
on the West Coast for 15 years, in all kinds of climates, without causing any unusual
wear.

It is necessary to raise these unjustifiably low sulphur limits to prevent wastage of
natural resources through excessive refining of motor ~uel. J. C

804. New Specifications Issued by British Petroleum Mission. Anon. Nat. Petrol.
News, 24.12.41, 33 (52), R. 408-R. 410, R. 416—Revised specifications for twenty-
one products, including four new ones, have been issued by the British Petroleum
Mission in Washington governing requirements of the British Government under
lease-lend arrangements. The four additions concern finished alkylate for blending
into 100-octane aviation gasoline, low-cold test distillate or residuum for lubes,
Columbian lube distillate, sodium—Aaphtha—sulphonate (soluble cutting-oil base).
The specifications are given in full, together with a list of the official test methods.
The following specifications are unchanged : pool motor gasoline, white spirit, gas oil,
?ie?el ciil, marine diesel, marine fuel, W/D gas oil, special refinery gas oil, and Admirglty
uel oil. H. G

805. Indian Power Alcohol. Anon. Chem. Tr. J., 30.1.42, 110 (2854), 125—In-
creased attention is being paid to the use of power alcohol from molasses as a blending
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agent to conserve motor-spirit supplies. Schemes operating or under consideration
aim at including up to 20% of alcohol. Admixture of alcohol has been compulsory
in Mysore State since October 1939, and in United Provinces since 1940. Similar
schemes are planned for Bombay. Much of the molasses from the 150 or more sugar
factories in India is at present wasted. An expert committee appointed by the
United Provinces and Behar estimated alcohol production costs to be less than 6£
annas (8d.) a gallon if molasses cost 6 annas a maund (82 Ib.) at distillery. With a
normal annual consumption of motor spirit of about 100 million gal., admixture of
20% alcohol is of considerable national advantage. R. A. E.

806. British Specifications Revised for Aviation Fuel Base Stocks. Anon. Nat.
Petrol. News, 1.4.42, 34 (13), R. 102.—The revised or modified specifications for
petroleum products agreed with the British Petroleum Mission in Washington are
given. Revisions occur in the specifications for the unleaded base-stocks of 100.
91, and 87 O.N. aviation fuel, special refinery gas oil, pool light and heavy fuel oil,
The specifications for hydraullc and transformer oil are modified. H. G

80". Patents on Motor Fuel. R. B. Day and E. R. Kanhofer. U.S.P. 2,283,851,
19.5.42. Appl. 31.3.41. Process for the production of gasoline by subjecting a
combined feed to catalytic cracking, fractionating from the products of this operation,
gasoline, light intermediate conversion products, and heavy intermediate conversion
products. The heavy intermediate conversion products are mixed with light inter-
mediate conversion products formed in a thermal cracking process, and the mixture
is subjected to thermal cracking to form substantial quantities of gasoline.

B. S. Friedman and W. L. Benedict. U.S.P. 2,283,854, 19.5.42. Appl. 5.7.40.

Production of a substantially saturated gasoline of high octane number by cracking
a hydrocarbon oil in the presence of a powdered cracking catalyst and of a hydrogen-
containing gas. Conversion product are separated into a hydrogen-containing gas,
a gasoline fraction containing substantial amounts of unsaturated hydrocarbons, and
a higher-boiling fraction. Part of the higher-boiling fraction is returned to the crack-
ing operation. The gasoline fraction is combined with a hydrogen-containing gas
and a naphthenic oil, and the mixture is subjected to contact with a dehydrogenating
catalyst to form a substantially saturated gasoline. H. B. M.

Lubricants and Lubrication.

808.* Recovery of Used Lubricating Oils. V. Biske. Petroleum, Nov. 1941, 4 (7),
147.—It is considered that the bulk of used oil available for recovery will be that
used in intemal-combustion engines, turbines, transformers, and other electrical
equipment. Types of contaminants present in these oils, their origin, and effects
are briefly reviewed. Purifying methods involving settling or filtration are of value
in prolonging the useful life of oils, but eventually the oil must be discarded on account
of increasing content of contaminants of the soluble type.

At present numerous relatively small plants using a variety of processes, and limited
in scope both as regards the type of oil which can be treated and the degree of restora-
tion of quality, are engaged in the recovery of used oil. Treating losses and running
costs are also greater for these relatively small plants as compared with those of large
plants. It is therefore considered that recovery of used oils could be achieved more
efficiently in petroleum refineries, with greater flexibility in respect of feed-stock and
production of finished products. Careful segregation of the various types of used
oil is expensive and complicated, and it is suggested that the more centralized dis-
tribution and use of fresh oils applying under present conditions would enable return-
ing tank-cars or returnable drums to be used for the delivery of used oils to the re-
fineries. Flushing oil used for cleaning tank-cars so used could be added to the
material to be recovered. Exclusion only of compounded and black oils is considered
necessary.

Broadly speaking, normal refining procedure could be adopted, involving distillation
to remove diluent and separation of spindle and medium lubricating-od distillates,
leaving a residue of long residuum type. The diluent separated might be used for
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diluting oils received in order to accelerate separation of insolubles and render the oil
more easily pumpable, or used as cracking stock or for fuel purposes. The lubricating
distillates could be refined by acid or solvent extraction as desired. Treatment of
the residue may be difficult on account of the presence of asphaltic material, and if
considerable quantities of additives or grease are present, refining may not be an
economic proposition. It is realized that the scheme may involve degrading some
of the high-grade components, and that production of certain special types of oail
normally obtained from selected crudes would be impossible from the mixed used
oils. Nevertheless, the oils so produced would command a considerable market.
Other advantages of a centralized scheme are enumerated. R. A. E.

809.* Lubrication without Oil. A. H. Stuart. Petroleum, Jan. 1942, 5 (1), 9—
Efficient lubrication of steam-engine cylinders has been maintained by the use of a
dispersion of colloidal graphite in water, the graphite producing an anti-friction
surface on the cylinder walls and showing no sign of being carried over by the exhaust
steam.

In the lubrication of bearings made of cotton fabric bonded by synthetic resin,
addition of colloidal graphite to water reduces the coefficient of friction under con-
ditions of high load or high speed. Good results have also been achieved by soaking
the cotton fabric in a dispersion of colloidal graphite in water or other suitable medium
before bonding with the resin. Curves relating maximum load to variation in speed
under conditions of at least 5 hours’ running without seizure under dry conditions
show the improvement obtained by this treatment of the cotton fabric. With plain-
water lubrication it is estimated that the seizing load is increased by 35% if the cotton
fabric is first impregnated with colloidal graphite, and nearly doubled if colloidal
graphite is also incorporated with the lubricating water. R. A E.

810.* Engine Bearing Temperatures (Road Tests).—I.A.E. Research Committee Report.
J. Spiers. J. Instn. Auto. Engrs, 1942, 10 (6), 129—156.—This report deals with
tests on a 10-h.p. car, the engine of which was equipped with eighteen thermocouples
in the sump, oilways, and bearings. In general, the results confirmed previous bench
tests; the factors mainly influencing bearing temperatures are as follows, in order of
importance .(—

1 Engine Speed. Bearing and oil temperatures increase either linearly or at an
increasing rate with increasing speed, and are substantially independent of load.

2. Viscosity. A change from S.A.E. 50 to S.A.E. 10 oil reduced the big-end bearing
temperature from about 77° C. to 65° C. at 2000 r.p.m. and from 138° C. to 90° C. at
4000 r.p.m.

3. Oil Temperature. Reduction in oil sump temperature is reflected to a greater or
less extent in bearing temperatures.

4. Air Temperature. 83-85% of any air temperature variation is reproduced at
the engine bearings.

5. Water Temperature. Not more than 25% of any change in jacket temperature
is reflected in bearing temperatures.

6. Oil Pressure. Increase of pressure, and consequently of flow, results in a small
reduction in bearing temperatures. K. A

811. Patents on Lubricants and Lubrication. C. F. Prutton. U.S.P. 2,281,597,
5.5.42. Appl. 25.6.37. Preparation of a lubricant consisting of a major proportion
of a lubricating oil and up to 20% of a halogenated alkylated aromatic ketone.

D. R. Merrill. U.S.P. 2,281,705, 5.5.42. Appl. 3.1.40. Extreme pressure lubricant

consisting of mineral lubricating oil and a small percentage of chlorinated Edeleanu
extract.

U. B. Bray. U.S.P. 2,281,824, 5.5.42. Appl. 22.9.39. Manufacture of a lubricat-
ing oil containing a relatively small proportion of an alkaline-earth metal soap of a
saponifiable organic acid to overcome the deposit of resinous and varnish-like
materials in severe service internal-combustion engines. Additionally there is in-
corporated a small quantity of an oil-soluble alkaline-earth metal compound of a
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thio-phenolic derivative to overcome corrosion conditions developed in the oil. The
added constituents do not materially increase the viscosity of the original oil.

G. H. Von Fuchs and H. Diamond. U.S.P. 2,281,894, 5.5.42. Appl. 18.1.40.
Preparation of a lubricating or electrical oil composition consisting of a highly refined
mineral lubricating oil and dissolved therein a small amount of a highly cracked dis-
tillate oil, free from tar and selected from the group consisting of coking cycle stock
and cracking coke blow-down oil. The composition is claimed to have greater re-
sistance to oxidation than mineral oil.

C. F. Prutton. U.S.P. 2,282,343, 125.42. Appl. 13.39. Manufacture of a
lubricant consisting of 80% mineral lubricating oil and 01-20% of both an oil-soluble,
halogen-bearing, oxygen-free organic compound and an oil-soluble, organic oxygen
compound.

E. W. Cook. U.S.P. 2,282,707, 12.5.42. Appl. 10.12.38. Lubrication of bearing
surfaces at least one of which comprises an alloy having substantially the corrosion-
susceptibility of cadmium-silver, cadmium-niekel, and copper—ead alloys. The
lubricant has incorporated in it corrosion-inhibiting proportions of an oil-soluble
organic metallic sulphide.

F. W. Downing and C. J. Pedersen. U.S.P. 2,282,513, 12.5.42. Appl. 19.5.39.
Incorporation into a viscous petroleum oil normally subject to deterioration in colour
of a small amount of an organic compound of the type of a Schiff’'s base, obtained
by condensation of 1 mol. of an aliphatic polyamine containing at least two primary
amino-groups directly attached to different carbon atoms of the same open chain
with at least 2 mols. of an aldehyde, so that one and only one mol. of aldehyde reacts
for each primary amino group of the polyamine.

S. R. Scalzitti. U.S.P. 2,283,581, 19.542. Appl. 22.1.40. Preparation of a
lubricant consisting of 94% of an oily base, 3% of zinc sulphide well dispersed therein,
3% of barium sulphate for retarding decomposition of the zinc sulphide by overheating
between movable parts of machinery.

B. T. Brooks. U.S.P. 2,284,258, 26.5.42. Appl. 6.1.40. Preparation of a lubricat-
ing composition consisting of a mineral lubricant and a small amount of an oleone.
H. B. M.

Asphalt and Bitumen.

812. Patents on Asphalt and Bitumen. E. Thelen. U.S.P. 2,281,728, 5.5.42. Appl.
9.3.39. Method of treating a charging stock of asphaltic crude and residue which
involves first heating the charging stock to approximately 270° F. and then adding
04—1-2% of 22 Baume hydrochloric acid. This is done under conditions designed
to effect substantially complete absorption of free hydrochloric acid. Finally the
mixture is air-blown at 425° F.

R. E. Burk. U.S.P. 2,282,703, 12.5.42. Appl. 28.10.36. Process for making
asphalt which involves oxidizing petroleum residuum by heating and agitating in
exposure to oxygen and thickening the material to the desired melting point and
penetration. After oxidation there is incorporated a small amount of a naphthenate
of a metal of the group consisting of cobalt, manganese, iron, lead, vanadium, and
zinc. H. B. M.

Special Products.

813. Patents on Special Products. W. J. Backoff, X. D. Williams, J. F. O’Loughlin,
H. L. Moir, andj. S. Yule. U.S.P. 2,284,080, 26.5.42. Appl. 6.10.38. Preparation
for use as a gum solvent and consisting of 50-90% of refined mineral oil boiling above
the boiling range of kerosene and 50—20% of a mixture of esters of phthalic and
benzoic acids, the esters boiling above 350° F. H. B. M.
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Coal and Shale.

814. Swedish Shale Oil. Anon. Chem. Tr. J 30.1.42, 110 (2854), 132.—A now
method for shale-oil extraction being developed by the Svenska Skifferoljeaktiebolgat,
and due to Dr. Ljungstrom, consists fundamentally of heating the shale in situ, and
experiments are said to have given promising results. The shale-beds in Narke are
estimated to be sufficient for production of about 100 million tons of oil, but as the oil
content even in the richest beds is not more than about 6%, production costs in
peace-time wonltoo high to enable competition with imported liquid fuel. By the
method proposed, a number of vertical bore-holes are made in the deposit; in some,
electrical heating elements are installed, whilst others are used to convey oil vapours
and gas into condensers at ground level. The average depth of the shale deposit is
17-18 metres. By suitable arrangement of heaters it is estimated that the quantity
of shale heated in each boring would be 400 tons, the heating period 2J months, and
power consumption 40,000 kw.

To produce 30,000 tons of oil per annum would require 2700 electrically heated
borings and the heating of 1 million tons of shale. R. A E
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FORTHCOMING MEETINGS.

The next meeting will take place on October 20th at the Junior
Institute of Engingers.

CANDIDATES FOR ADMISSION.

The following have applied for admission to the Institute and in
accordance with the By-laws the proposals will not be considered
until the lapse of at least one month subsequent to the issue
of this Journar, during which any Fellow, Member, or Associate
Member may communicate by letter to the Secretary, for the con-
fidential information of the Council, any particulars he may possess
respecting the qualifications or suitability of any candidate.

The object of this information is to assist the Council in grading
candidates according to the class of membership.

The names of the candidate’s proposer and seconder are given in
parentheses.

Anderson, Ronald Turnbull, Asst. Works Chemist, The Shell Company of
Australia. (T. Hartigan ; H. W. Stevenson.)
Curran, Bernard Reginald, Manager, Industrial Traders, Ltd. (Harold

Moore ; H. E. Charlton.)
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ment, Anglo-lranian Oil Co., Ltd. (Dr. A. E. Dunstan ; G. H. Coxon.)

MacNeice, lan Victor Noble, Assistant Operating Superintendent, Magnesium
Metal Corporation. (J. E. Hackwood.)

schnabetr, Dr. Fred, Chemical Engineer. (L. Ivanovszky ; V. Biske.)

ARTHUR W. EASTLAKE,
ASHLEY CARTER,

Joint Honorary Secretaries.
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DANGEROUS GASES
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A series of 16 Papers reprinted from the

Journal of the Institute of Petroleum
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Cloth Bound
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NEWMAN-MILLIKEN GLANDLESS
LUBRICATED PLUG VALVES ON
AN OIL DISTRIBUTION MANIFOLD

Sole Makers
under licence
excluding the

U.SA.

METERS for
AND OTHER

OlIL,

Newman-Milliken Valves are
deservedly popular with oil
field engineers because, unlike
all other valves of this type, the
Newman-Milliken employs a
parallel plug which is never
raised from its seating during
operation. Consequently no
grit or foreign matter can enter
between the valve seating sur-
faces and cause jamming or
"freezing.” Newman-Milliken
Valves are made in avariety of
patterns and metals suitable for
all oil field services, particularly
for "Christmas trees” and mud
lines up to 3,000 Ibs. working
pressure per square inch. Full
details gladly sent on request.

Newman, hender & Co. Ltd.
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PETROLEUM

PRODUCTS
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FOR OIL-FIRED FURNACES 1

NETTLE” FIREBRICK
(42/44% Alumina)

THISTLE” FIREBRICK
35/37% (Alumina)
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EXPERTS I'N THE DESIGN & FABRICATION (¢]

SCRUBBING &
FRACTIONATING

At left, bubble-cap Fractionating
Column designed for atmospheric
or low vacuum operation, and tapped
for drawing off distillate

from each tray.

At right, liquid
spray type of
Scrubbing
Column, 6'0"
dia. by 40' 0"
high, con-
structed in
mild steel.

W.J. RASER &CO., LTD.
DAGENHAM - ESSEX
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Lachman Vapour Phase

Treating Process

LACHMAN TREATED . s .

require any inhibitor.

ACHMAN TREATING na g

operation conserves anti-knock quality; reduces
gum content to the vanishing point; reduces sludge
and polymerization losses to the minimum and
reduces sulphur.

The practical advantages also of a method which
is fool-proof in the sense that it cannot be over-
done must appeal to all refiners.

A. F. CRAIG & CO., LTD.

Representing:
VAPOUR TREATING THE WINKLER-KOCH
PROCESSES INC., ENGINEERING CO,,
555, South Flower Street, 335, West Lewis Street,
Los Angeles CALIFORNIA Wichita KANSAS
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LUMMUS

CRACKING UNIT

* llu A o*ve

o ften . 138

Accepted. dch_ of’
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lor a major oil company Lummus recently completed a
Lummus Combination Three-Coil Cracking Unit. . . viscosity-
breaking, gas oil and heavy naphtha reforming.» » »Eighteen
days after the unit was put on stream it was completely ac-
cepted, having met all guarantees. The initial run was con-
tinued to 25 days, when the unit was shut down for inspection
purposes. » » » This recently completed unit — the ninth con-
secutive Lummus Cracking Unit to be accepted during initial
firing runs of 25 days or more — is equipped with Lummus
Floor-Fired, Raised Hearth Heaters, with improved steam
generation feature in the convection section. Provision is
also made for steam generation from waste heat.

W. H. JONES

Representing : THE LUMVLB COMPANY

70 Barn Hill, Wembley Park, Middlesex
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DRILLING MUD:

ITS MANUFACTURE
AND TESTING

P. EVANS, B.A., F.G.S., M.Inst.Pet.

and

A. REID, M.A., B.Sc., A.M.Inst.Pet.

Reprinted from Transactions of the Mining and

Geological Institute of India, Vol. 32 (1936)

Pp. 263 + xxx, Paper Covers

Price 21S. post free
(U.s.A.: $4.25)

O btainable from

THE INSTITUTE OF PETROLEUM

c/o Imperial College of Science and Technology,

Prince Consort Road, London, S.W.7
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SPECIAL VESSELS s

0 UR erection facilities throughout the world are unsurpassed.

The illustration shows a Vacuum Fractionating Column being
lifted into position. Our Works are particularly well equipped
for the construction of re-action chambers, coking chambers, flash
chambers, fractionating columns, strippers, evaporators, heat
exchangers, condensers and all vessels included in oil refinery and
treatment plants, digesters for pulp mills, etc. All Babcock
Welded Vessels are manufactured to LLOYDS, API-ASME,
ASME, or other recognised codes and are subject to inspection by

all the leading insurance companies or other official bodies.

BABCOCK &WILCOX LTD. M

Kindly mention this Journal when communicating with Advertisers.

Xi



WHESSOE

Chicago Bridge
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WIGGINS FLOATING ROOFS, HORTONSPHEROIDS, etc..
Licensees jointly with the Motherwell Bridge & Engineering

Co. Ltd. Motherwell. Scotland from the Chicago Bridge
& Iron Company.
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COMPANY LIMITED

HEAD OFFICE, DARLINGTON
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