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Section 11

MISCELLANEQUS LIGHT OLLS

PART 1. EEROSINE (ITLLUMINATING OIL}

By Virer B. Gurmriz
Editor

Kerozine—the petroloutn indugtry spells it with an i—is the oldest petroleum
producs which U.B. refiners make and sell today. First kuown as coal ofl, it wag
distilled from oil frem ssapages & few yewrs bafore the drilling in of Pecasylvania's
Draka well in 1868 revolusionized the mesns of recovery of erude oil from the ground
and launched & petroleum industry,

Writing from New York in 1860, Abraham Cesner, 8 consulting chemiat, stated:
“Duyring the padt yesr numerous springs of petroleum have been opened in some of the
Waatern States azd cils ara produced from them which ure not inferinr to thase
obtsined from the most approved varieties of coal.

“The petroleum pila differ from those produced from coal. They require grenter
hest in their distillation apd their vapors are extremely inflammable. These petra-
eum oils nsgally commencs to boil at 160°F but sometimes st a still lower degree of
hm."

Thiz autharity Uted 58 companies mangfaeturing coal oil in the United Btates ab
that tima and stated there weve alao 15 establishmenis whers petroleum gnly wna
worked, 4

Eerosine remained the principal volume product of the refiners in this eovairy for
50 years, both in domestic and in foreign trade. It wos used s an illuminating oil
and to pome axtant, pacticulacly in the United Btates, for cooking and limited space
heating. The disiribution of the product was so extensive that, when sutomehiles
began to be uzed, inveators turned their hand to the effort to develap o kerosine
earburetor for the early automobile engines. It was even fewred by eomne that the
supplies of straightwun gasoline the refinere were then making as s byproduet of
kerosina manofasture would not be sufficient to supply the automobiles of the future.
The development of the petroleum cracking prosess just prior to Weald War I enmired
smple aupplies of gasoline for motor fuel.

In the susteeding yeare, other uzes for kerosine beve developed, snd tha widening
pvailability over the country of natural and menufactured gas and electricity haa cut
into the market for this product for dornestic lighting and cooking. The sdvent of
il beating for hanges, churghss, schools, snd buildinga of this type has created a

# Supesior aumbery indicete referonces oo page 12-7:
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demnod fer kerasise 0y range oil, meeting the requirements of Na. 1 distiltate Euel ofl.
Thiz is the preaent Jangeat-volume market. {For & discusaion of this use ser See. 7,
Distilinte Hegting Oils.) It also snrven sa fuel for heavy tractors and marine eugies,
ns usolvent, sy a pesticide, and in many specifio industrisl uses, It is slso a componsat
of jet fuels. Bince 1952, the production of kecosine ot refimeries for thia last-named
wse has been reported separately. (For a disgussion of this vee sse Beo. 5, Aireraft
Gax Turhine Fuals ) i

Thus, althsugh salea of kerosine gs an illuminating off have dscrewsed ateadily
duriug the past 50 years, other ueee have devuloped which maintain kerosine s 8,
volums product of refiners in this country. The rate of increest in jis demand, how-
ever, hea boen far Jess than for most petraleum products. In 1918, for’ exumpls, the
refinery output of kerosine wna 43,461,000 barrelr—sbeout half the pwodustion of
gascline. By 1057 the refinety producting of kerogine had grown to 108,929,000 bhL
Greoline production had grown from 85,007,000 bbl in 1918 {o 1,438,408,000 bil in
1957. TRefinery output of kerosine, exclusive of that going into jet fuels, by 1057 waa
ahaut one-thirtesnth of the volume of geecline U.8. refiners wers maldng.

Ag shown in Table 11-1, iotal sales of kerosine in the United Btates in 1957 were
103,378,000 bll. Of this 75,760,000 bhl were classifiad as range cits, 2,492,000 bbl
an tractor fuel, and 24,306,000 bbl for all other uses. Thin classification includes the
oales of this produet 24 en jlluminaling cil. Here, despite the wide availnbility toduy
of natural ges and clecteicity, kercsine sorves many eseentinl vama: in lighthouss
baacors, miners’ lamps, roilvoad.signal systems, and se on. For these Esn,_ npasial
gradns of kerosine are geaerolly required.

Table 11-1. U.8. Keroslne Productien and Demand, 1523 to 1957
(1,400 b

Holew in the United m.‘ng
Tobal
Year Exporls d
Refinery Rauge Traetr Other Total nes
produetion ol fual Tasa UK sulea

1937 108,929 15760 2,411 24,306 102,373 5,187 107 A8S
1956 123,480 85.0%0 2,465 8.9 116.83¢ 3.2 1200
1955 119.0687 8331 2404 20,745 145,980 3,395 119,185
1934 122303 85,224 3,123 29,368 112,18 4,832 111,767
1953 123,200 8671 3,226 20,508 114,397 1.265 121,662
1952+ 120767 86,846 3.569 31,1 132.628 1.963 130,593
1951 135,742 15,4623 4,025 32,584 123.222 6843 130,071
1950 118512 79.549 4,130 34,288 118,284 2,078 120,362
1949 182152 66,244 +.040 31,517 102.661 2533 105.19
1948 125914 70,629 #1376 35.881 112,487 3,495 145,988

Hooncs: Minseal Oil Burvuya, U.5. Bur. Mine.
* Btorting with 1992, ihe production of Lerovine used as a component of jst fuchs is Jisted ssparataly.

Kerosine fo defined ag o refimed petyolenm Ajstillate baving a finsh point not halow
73°F (23°C) and puitsble for use as an iluminant whea burned in 2 wick lamp ?
The gperificstionz of the Uniled Giates government and many states provide o
miniznmn finsh point requirement of 115°F. Lo same atnles it in higher.

The petroleum-base oil from which it js manufactured is the vecond ent, or “water-
white” fraction, Irem the distillation of crude petroloum. 7This distillate varies in
color, sulfnr comtent, burning quolity, and Mesh point accordivg to the netore of the
crude petrolewn from which it is processod.  Ita gravity is geaerally wilhin tho range
of 40 {5 46°APL, and its burning point within the range of 150 to 175°F. The burning
point i the lowest tempecature nt which r volatile il in po open vessel will burn
continnonsly when ignited by a flama held close to ita simface. The buraing point,

‘-

" at foe point, i am imporipnt indication af the dogres of asfety with which the kerosine

product raade from refinery distiliate cen be handled and weed.  Despite variations in
the distiliate srising from the nuture of the crude peluoleurs from which it is distilled,
modorn treating methode ju the refinery provide for holding tho finishod kerogine

" product to the dealred specifications.

The vature of kevosine and its wide uses a8 an illuminating ol reguire not: only thal
tha product. have the proper burning qualiting, sx delerinined hy sticatific teat methods,
but alao that it be safe to travaport, handle, snd use in Inmps sad burners.  Bpecifics-
tions to emnure both these requirementa have bren in affect: for many yoars in meay
siates and municipalitics. The physioal nnd shemieal properkies of koroging ta ment
tha Feders] government sporifications ave given in Toble 11.2. The ASTH hes no
specification for kerosine ne an Muminoat, but ity standardy for No, 1 distiflate fucl
vil, aleo known as range ojl, are gimilar in many respeots (o e.i.. spocifiertions of other
agensies for kerosine.’

Table 11-2. Physics! and Chemical Roquirements for Kerogine and Dealgnated

Tesls in U.S, Specifications
Peaperly Reguicerasat | ABTM (et method
Plash point, °F, mid. ... ccov i iiiiiiciien e iiaaaaans 115 D%
Rod point, °F, max., 532 D bt
Butlur, %, max. v teaavae [ A} D #0
Color, Bayholt ._-_..n.n .5..:#5- »'-._ +1 D |34
ap_a. Baybsl}; cbrom, ES- ..cns__.u _:E !Z_-qru_. E-: ..... +15 D15
HE.-_.E; -... min., . 15 D 187
Clnud poist, *F., e e immm it camet it 3 D

Bame states still innpect kerosine for mafety purpases, end flash point and other
propectien are legally presucibed and must be met by the produet, rogocdiess of the
u9e to which the kkeroeine in put. Distillation range, partioniaily final boiling point
und sulfur content, is wa important property of kerosine when vecd an an Numinent,
sud it is included in some state requivemcnts. Celor in sometimes included, for
even though it ha Littls ignificance in performance, it is the first property to which the
consumar pays attention. Color also can indicate long storege of the product. The
tests which determine the propertien of kerosine are included in the ASTM stenderd
test methods. Thay are reviewed briefly in the following poragraphs. The propersy
reqoirements in the statc specifications are summarized in Table 11-3.

THE EBSENTIAL PROPERTIES OF KEROSINE

Fiach Point. The loweat temperature at which vapors arvising from the oil sample
will ignite momontaily, or Basl, on application of a flame under specified test son-
difiony is an imporiant propecty of kerosine for &afety as well a8 for porformance
requirements.  Flash point of kexosins is taken with the Tog elosed-cup tester, ASTM
D 60, and tho mininwum allowabla flasl temperature ia generally placed shova the
preveiling srobient terwperature.

The farlusion of a flash-point requiement in kerosine specifientions today geox back
1o the thme whoen this oil waa the principal produet made ot tha rofinery and gesclina
was & byproduct. The noitural tendency then was to include, in what was sold a3
kerosing, & proportion of the mora volatile fractions that foday go inte goeolinc.
Explosiens snd fires resulting in the eatly deys from the trensportation and vee of
lerosine ju lamps, cook stoves, and henters led to the adoption of means to reduce
this danger. Thin was done by petting up & Ansh-point requiroment, which is, in effert,
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Table 11-3. Properties for Keragine Specified in State Inspection Laws

Flawk Eoad Bulfur Calor, Baybalg, Burning | Clowd
Btale point | paint | 9 ; teat | point,

°F, nin |°F, max| mex e darker then he. win |
Algbarm. .. [11] 572 D135 +21
Arkoneos. .., ... ... 140+
Colarudo_............ 13} 629 a. 70 +16 16 5
Todda. ............. ns 511 g.13 418
Qewrgis.........., .. 1Hs L 7] 0_\2§ +16 16
Tdoho ns 614 8.13 + 16 111 3
ipois.....,.........] 113 ssn | ..., 416
Indigmn.............. 128 $50 | ..... + 16
Kovwon. ... _ _..] 128 .
Lowwlnan.. . ....._..] 113 425 8.135 +16 1§ 5
Wopawta. .. . ...._. 126 800
Mindmippd. .. .-...... 13 515 B.25 +18 s 3
Montnee,............] (18
Netranha,...........[] 115 62% B 123 +16 18 5
New Hompabive, ... e
Now Mexico,......... 11} 350 .30 16
Naw York......... 108
North Coqalian. . . .. .. 15 $71 o
North Dekota........| 115 522 | ;) +16 16 5
Otishoms............| s
Pransyivonin. . 119+
Beyth Carcliss. ... 1804 570
South Dakots. .. .... 115 in [ } ] +15
Tennenasn_ . .. ... .. Hi2 L] 013 +16 16 S
Wisoosein.. ,..._.... 118 - 7 N I +16
TWyoming....... ] 1 €23 5. 125 +16 16 5

* Pive point.
1 Elliot dlored-cup msthod.

the lower limit of inflammabijlity of the prodwet. In the geverminent gpecificationy
and in these in many states, the minimum Hash point etipulated is 115°T (in & fouw
instances it is s few dagress lower).

Of the eignificance of flash point in determining the volatility of this petroleum
product, sm ASTM bulletin® states: .

The flash moints of korosine end naphths vre important in datormining the fire hasard.
For this reason, there ave Bosh point requirementa in foros for Ehews products in many diffor-
ent municipalities, states and countrien. The (act that there aro wiristions, somotimes
wide onet, in thess requirements merely reflects the needs in the various arees to resognise
differances in the conditions under which Hie products may be handled. Those needs take
into effect the familiarity. or lnck of Tamilierity, of the usere with the hovarde tnvolved.
The iwnosition of & minizaum fesh requirermont for safoky i, therefore, = recognition of the
fact that loeosine and seaphiha enn be handled with reasonable safety in open veasnls end
<ans by people who are not thorouehly femiliar with fire snd explosion hasards.

The lengthe to which some stetes and mucisipalities have gena in Jegistation snd
reguiations te proteet individuaie from the Gre hazards swsociated with Aammable
Bquids are illustrated by the Genoral Dusincse Law of New York State. ‘This law
wos passod in 1882 and ia slill in offect, the last amondment apparently being in 1929,
This statuta preseribes & minimum flaah point of 180°F for illaminating oils sold within
the state but goes or to set up farther restrictions ns follows:

No such oil or floid which will ignite at a tamperaturs imiow 285°F s datarminad by the
standard methed of teat for Aosh und firs polnts, by meesns of open cup, of the ABTNM, shall
be buraed or carried s freight in any passsager or baggage car or passouger host moved by
steam or electic power in this Btate, or in 2oy stage or strest ear, however propsiled, except
that coal ail, petroleum cod its producty mey ba emrried, when sceurely packed in barrels

or metslfia psckages, in powscuper boat whem therd sre no other mesas of public
toonwportation.

Naphtba 2nd other Slumicating products of petroleurn which will not atand ths sk poink
required hy this ssctien, may be nasd for illuminating ar beating purposes only in the
follotving cases:

1. Tn sireet lnmeps and opwm recepinclens apert from say bullding, factory, or mhatdted
bouss in whick the yapor fs hurned.

2, In dwellivgs, factories or other placsa of butiness when vaporised in scewrs tania or
metalile gemeratare made for that purpess in which tha vspor so pemernted is used lar
lighting or heating. -

Fur uee in the munufacture of Huminating gan in gas mamufzctariss situsted spart from
dwallings and other huildings.

Fire Point. In 5 few instances the Bra point, of sm illumingtiog oil is used te dote-
mine the fire husarde sesaciated with its handling and uss. This property is doter-
mined by ASTM D 92, Method of Teat for Flash and Fire Points by the Cleveland
QOpen Cop. To determing five point, the tow for Aneh point by Hhis procedure i3
continued until the application of the test flawe couses the oil to ignite and burn at.
least 5 sce. The government spacifieations sontain no Bre-point reguircment. A
fire point of 140°F is atandard iu Arknosss and of 110°F ia Penonylranis.

DigtMation Rangs. The boiling range of kerasins is of leas importonce than for
gusoline, but it eun by taken as mn indication of the viecosity of the product. The
Federal government and stste spocifications for distillation {emperatures arc generafly
linvited to the end, or final, beiling point. In the former standerds, 572°F iy the
maximwn final bofling peint, ne determined by ARTM D 88. While mAny states have
the anme end-point fimit, there iy more varistion here then among other property
requiremenis of the produck, pamely, from 580°F in Indiann and Naw Mexico to
825°F final bodling point in & few statoa.

Viscosity. Although there is no viscoity requirumant for keroatne in the Federal
and gtate spacifications, the ASTM ¢ atates on this subject:

For illuminating oily, the valus of o viscoity test is mninly o determine whother they
rony bo of sbnormally bigh viscosity, whicly may aot sllow thern to flow propacly threugh
the-wicks of lampe and burners; or may be of very low viscosity, which may eruse ynsleady
fBamez. The pseformanes of burning ofs it influenced loas by viseosity thon by the tend-
sncy to inerust the wielr. An ectual buxning test o the best way to dutecanine the quality
of an illurait ating oil, sa it indictes the combined eflect of oMl tha impartant propartian,

Burning Test. The ability of a kerosine tp burn steadily and cleanly over an
extonded period in determined by the buwning tost.  The stendard test (ABTM I 187)
provides that the kerosine be burned in s wick lamp for & specifind poriod {genarally
24 hr) in a room free from drafte. The avaroge rate of burning, the chango in the
shape of the flame, the density and eolor of the chimney doposit, and the enndition of
the wiak are the factors by which the burning quality of tha ofl is determined. More
severa tzal methodn are vead for determining the quality of the spocial grade of kero-
sine used in railwny sernaphore signal Isopa (D 216) and for bhe special illaminating
cila kmown in the teade s minersl seal off, 300 oil, or mineral eolea oil ysed in railwey
convh and esbyose lnmps (D 238).

The burning qualitics of kovosino, mecording to government specifications, ere
determined after a minimum of 16 br continuons burning under the test canditions
preseribod in D 187, At the end of the test the ehimncy must be elean or only elightly
clouded, the wisk must have no apyrecishle hard fncrustations, and the fame must not
be sroky and must be practically s Yarge at the end of the test ny when the fingl
edjustoent of the wick was moade. Most of the state spovificationn also require A
18-hr hurning teat. Of the aignifizance of the bucning test for illuminating oils, the
ABTM reportt states:
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Burning Lasts nra esventislly porformanca Lesta and nre u. diroot method for determining
the quality af the olls for tha epecific pwrpose (or which they are intanded, However, ib is
not possibie to rualke tests in all kinds of sommercial aguipmont, or under nil the combina-
tions of such factors s loeation, time, thmpersture, kumidily, vir sutrenis and cleaatiness.
Thess dificultivs sro oversoms, at lesst pactiply, by selecting aquipmant, for the bucning
teat that fs known Lo be agvere on the ofi and hy oxtending the teyt beyond tha sviraze time
intevvol betwean clesnings of the lswp in its usasl garviss.

Nons of the standard burning tost methods gives reaulta that tan be evalusted adaquxtaly
in numerical terma. They do peoweribo officient pepredurss for comparing the burning
qualition of diffwrent samplea or grades of oil, particularly as regards bshayior detgile,.  Itis
relatively essy to tell a very good olf frow a very bad oil buk this qusstion rarely doours.
The usunl need is for information es to whether the oil is slightly bettar or worse than the
standurd.  To supply such information, it is Decessnry to rely on She cbservadions of o
skilled operstor and Lo interpret theae observations in tocmae of the service requiremants of
the produets.

Tha most important feabarea in & burrdng teat nre the skaps sud siss of the Aoms.  Ogea-
sionally, an oil has a viscosity ao low that the flame increnses, ar a0 high that it dacrepacs,
during the urning perled. Howover, shangea in fiame aive or shepe are generally caused
by changap in the portion of tha wick adineent (5 the s,  An fnerusigtion alwsys forme
on the wick. It is not ehjoctionshie wnleas it nffects the Anme, Some wick mrusks ace
“'bushy” and Sncreass flame aisa; othere tend to encloss the sucfuce of the wick snd oadee
fame shriakage. The warst iype of depesit, howsver, ie an irregular one, asmatimen
looslised ss mushroam formations. This Lype producss & disterted Bams gnd nyually
causea smoking, which is quite objectionnblo to the user. .

‘The condition of the chimney ab the ead of the burning test it imporiant. uminating
ails abould not cloud or amake the chimney, A blsck sooty deposit is ohviously objec-
tinnable. but the operatar must always sssure Limacll that it §s not caussd by draits or
Inproper tmtiug technlques. A heevy whitish depoait nearly siways [orms when a. new
chimmey i put into service.

I burning-teat equipment is not availubje—the some suthority points out—er if
there is aot enough time to make the extended buining tests, which range in burning
time from 20 br to 6 days, o reasonably relinble iden of the quality of an ifuminating
oil for & particular purpose ean be obteined from a judicious cansidenation of ite Erave
ity, fiash point, viscosity, pour point, sulfur oontent, color, distillation renge, and
cloud point. .

Sulfuer Limitation. The signifiennce of the total sulfur content of an lluminating
oil variex greatly with the typs of oil end the wse to which it is 1o be pul. In general,
sulfur conteat is important only when the ol ju to bs burned under conditions where
tha sulfur osides that may be produced during combuxiion rust be limitod, as In
Jampe and henting equipment not conmeoted by sa cutside fue to the outdoor atmas-
phere, In housshold or industrisl furnsees, tha sulfar sontent of the oil iy osually
siguificant only in those installations where sconemizers or air prebeators of high
efficiency pecmit condonsation of the moisture from the fine grsos on cosl metal aur-
facea, with resultant corvosion.

Tha government specifications for kerosine provide a maximuo of 0.13 per cent; nui-
fur, ag datermined by ASTM D 00. Requircments in the state spacifieations vary

from 0.125 per cent maximum to at least ons inatonce (New Marico) of g maximum .

limitetion of 0.3 per comt.

Color, Ths coler of kerosing bas little signiBicaacs in indicating the performance
quality of the produet, but it is included in most specifisations, sines it iz the Hmt
property to come to the attontion of the user. A produet davker then the standard
may have resulted from oging ar contamination, and it in desirable to mavket s kena-
tite of uniform eolor. Color for kerosing, ns for many petroleum products exeapt
tubrieating ofls, i determined hy the Sayboit ehramometor method (ASTM D 158).
Cholor, by this methed, is wolated tn the dopth of a colnmn of o anmple of the oil, the

éolor of which is compared with spocified glase standards. Tho range of the numbors
is from —16t0 4+30. ‘The harger the aumber, the lighter the color.  The governmont
specifications provide thet the color of the product sample shiall not be greater than
4481 and not davker than 18 after heating the sample for 16 he. Most of the atate
atandards provide that the calor of tha pample, helore heating, shall be ne darker thart
+18. A produet which is off solor by test from the eolor standard by foar numbers is
convidered umsntigfectory by rome sgencing,

Cloud Pojut. Tiis test of an iluminating ail or 2 heating oll of low Yiscosity to
be used in wick sorvige Jo an Jndication of the temperature at which the wick may
beesma conbed with wax pasticles, thus loweving the burning qualities of Lhe oil.
The cloud point is talren by ABSTM D 97, in which a sample of the oil, free trom mois-
ture, in poured into » test jar nod cooled in successive stages.  When inapection Grst
shown a distinet hase or sloudiness af the bottom of the jar, the tompersture is recorded
os the cloud poiat. The government standards for kerosine and the state .—!n:_abw
tiong umally provide & 5°F cloud point. ‘

Jn & few stnteg 2 floc test in incladed in theic kerosine specifications. This is o
qualitative test to determine the preasass of small fakelike bita of substances renderad
innoluble by heat. In the main, howsver, the state requirements follow tha govern-
1mont standarda as shown in Table 11-2, ansuring a quality af kerosine for illyminating
and other usem which both gives good performanee values and provides for Uhe snisky
of the product voder all noxmal proeedures,
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PART 2. INDUSTRIAL NAPHTHAS

By Mastin B. Crrrvick

Consuliing Enginear
Wenter Park, Flo.

The utllisation of hydrocarbons derived from petrolewm ex solvents and thinmers jn
modern industry hak bad a fantastic growth over the paat faw years, to euch o degree
that, in the over-all volume employed, these hydrocarbona probalily rank sccond o
tho univerm! sulvent, water.

Higtoricelly, these naphthas, or petroleum salvents, have bean available since the
firat bacrel of crude oil was run through a still. 1 is this modest beginning that dates
tho oldest and best known maphtha, mineral apirits. However, this early naphthns
was made to no rigid specifieations, us we know and undarstand such atandards today.
It was a produet of ancevtain propertios spd left much 1o be desited in the way of
uniformily. Piior to the sdvent of the automobile, the production of this early
nephths for excooded the demand and at timeg pasad a serious dispossl problem to
tho petroleum-rofining industry, Efforts made in this period to develop & matlat for
naphthas 28 & replacemant for turpontine in the peint and varnish industry met only
limited success and cven considerablo oppasition.

In our modern economy this situstion is not dificult to understand. Piomesr
refiners ju the polialsum industry hod Htile or no scientifip knowledpe that would
permil them to vifer soved advice on praduct application to the aomuuming industries.
Fuxthermore, the paint and varnish industry 24 this time had not depurted from its
status as pn art.  In the coating industry, as well ax in many ofbher industcios, the
ncoeptance of indusirial nephthes devived from potroloum was based upon trisl-aud-
error applicationg,

That the praduction snd weo of these indnstrisl naphthas have had auch a phe-
RoTaenal growth within recent years can bo stiributed almost entirely to refenvch and
developmsnt.  Within the peiroleurn jndustey 8. haeig change has taken place in that
it hag adapted a scientific approach to ite many problsme.  In fact, i} hag bocome o
majar chemicsl industry within iteell. From mn industry beged on caventiolly a sim-
ple separation of peiroloum fractions by distillation, the modorn tefinory has bocome
AD intagrated operation of physieal and chemisal procssees.  Conearremtly, progress
has becn substantial in the development of Isbocatary prossdures of testing for the
neeurate delerminstion of the compomeat compounds thet €0 to muke up erude
petroleum and netuval gas, as well as the refnsd producta degived Iom them. From

the laboratory hax come technicsl knowledgs that hes pecmittod botter phyafcal

separation of these component compounds. Hesearch hon produced ehemies!
Procagsea enpable of changing the naturally occorring compounds, through thermgl
and catalytic eracking, reforming, alkylation, and similar presessss, into the typa of
eompounds demanded by r growing industeial exunomy.

11-8

The modern petrolewm refinery is au extromely fexibls institution, capebls of pro-
duaing hydrocsrbona of a high degree of purity throvgh ihe aatire gamut of con-
ventional petralenrs producte. Spocifically, thin hos made pasible the mamiacture
of industrial golvents with slmast oy practieal quulity or property required by modemn
induatry, partioulnily 25 to beiling range and solvency.

Along with thoss toshaical developments jn the peivoleur industry have cosme
acientific achievements in the solvent-consuming industiies. As & specifio cxample,
the development of the entire gyatheticresin jndustry and the wide umn of thase
resins would have bosn seivasly curtailed hnd pot the indostrial aaphthas oasential
to thelr sperationn been widely available. Al these developments in the consoming
industriea and by the oil companies, therefore, have complomentsd omo another, The
econamics of modern industry bave also been m vontribuling {netor, for the industrial
naphthas are consiniontly lowee in coat than the orpanis solvents, auch es the aleghals,
apters, and ketonow, This fact, together with the ready availability of the indugtrial
nephithas, has beou a major contributing factor to the repid growth fn the nes of
petroleam aolvents.

Prior o Wodd War Y1, the promatic nophthos were prodused by the fractisnal
distifletion of conl tar and coal-ter revidues. Theee inciuded benzene, toluene,
xylane, ond high-flesh aromstic nephthes. With tochaical developments and the
edoption of new processes in patrolsum refining, a bigh proportion of these aromatics,
plus other types of aromaties not previously availgble, are now produced by the
petrolesm industry.  In general, however, tha aromatios from cither source ure casen-
tinlly the same in all respects, with the posaible execption of a few spedfic argenio
chemical matecials ariginally bassd on ooal tar. ‘The conventional queliticaof prodocta
fram the two sources, such ea bofling range, solveory, and #o on, are the same, e aze
concerned hexo with the industrial naphthes produced from petroleum sources. In
fact, the new proceases now ueed in pelroleum refining are producing intermediste-
and high-boiling-point types of naphthas that are not gvsitable from coal-tac sources.

Major uses of indpstrisl naphthas are ay solvents, thinners, and diluents.  Theough
the years some confusion has developed over thess tame. In some literature, for
cxample, it hup been statod that the words “solvest” and “bhineers? are syhonymous
in thoir application fn somo industries. This is unfortunate wnd shoutd ba clarifiod.
TIn simpleat torms, solvent sz appHed to industrinl naplithas is o lignid which dissolvea
andther subsianse.  Industrial petroloum uaphthus arc wolventy for guma, resing,
and greapns.  Watcr is a solvent for salt and sugur.  Mothy] aleohol is n solvent for
shellac, and cthyl nectata a solvent for mitroceliulosy. A solvent which will vendily
dissolve a certain spocific substancs Taay hova ao solvent offsct on another substawcs.

As applicd to indusicisl naplithas, & thinner iz dofined 25 o liquid which may bs
employvod fo extend & soluLion lrui, which doca nat materinlly impuir the power of the
solvent.  Thia is fllustrated by the ume of thinsers in such conswming industries ax
the paint, lacquer, and varnish, where the thinner is used 1o reduce the viscority of
the ead product. A diluent in differontinted from a solvert or thinner in that it is
ewployed to extend a eolution but in doing ap deBaitely weakons the pawer of the
active rolvend.

CHEMISTRY OF INDUSTRIAL NAPHTHAS

Industrial naphthas, as presently prodused and distributed to industry, range
from relatively pure ta complex mixtures of hydrocarbons, i.c., chemical cambinations
uof hydregen and carbon derived frem petroleum or neturel grs. Poniane, hexans,
nod beptanc represent somo of the indwstrially pure hydrocarbons produced largely
from nntural gas; while {oluene and xylene are produced, in & high degres of purity,
cither from ssmg aromalie byps of crude oil ar frorm the nowar refining proceases whish
chemitally change tha hydrocarbons used na charging stock to tho proceas. The Sirst
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and aimplest of these hydrocarbons is metheue, or marsh gas, which in fllustrated by
tha following formula:
H
B n

&

Methane is a gas nndar aormal aimospheric sonditions rogurding temperature and
pressure, and it is mat 8 normal component of any industrie] nephthn, It serves,
huwever, toillustrate a normn) hydrocarber.  In methane, exrbon displeys ita normal
valency, or chemical affinity, of 4 sad hydrogen its normal affinity of 1. In cther
instances of the hydrocarbons, the eatbon atom muy baove one or more of its valoncy
values [ulfifled by union with one or morn other carbon atoms rather than with
hydrogen. This con be illustzated by the next heavier hydrocarbon ethene, which
also is & ges under normal atmospheric conditions. Its chomical formula is:

HH
=L“.\L_\..}m.
h ok
In the cage of ethane, if we take away two of the hydrogen ntoms, we have an fllua-
tration of still nnother group, or serica, of hydrosarhons with & double, or unsaturated,
bond between the carhon atoms.  Thia group of hydroparbons is known zs the alefing,

end thess sre found in indusiciel naphthas, The simplest of these olofin hydre-
carbons, which i & gas, 5 shown in the follawing graphic formula:

ol

. Carbou atoma may be linked topother to form eyelie corapornds in both saturated

gnd unsatursted compovnde.,  All these cyclic compounds sre pertinent to induatrial
naphthas, since gl are preasnt in or compoments of these naphthes. The lowesi
molecular sire of hydrocarbon which includea all of the above-mentioned typea and
whigh is presont in industrial oaphthss is shown ,g—ci in graphie form, It in to be
noted that ench contrins #ix earbon atoms.

Hn
H HEHHHHH |\=WE/IAVI.E -mlﬁ\ Muf?u.—.
Elmltlm\*lnl: x_v! _ = Mul
um * mw hm L— _.mmmwfﬂlrmn H—-0O . H
/ ~N Q\
| \ .Y

Tt will be apparent from the ahove simple illustration of the severel typm of
hydrocarbons to be found in petrolesm that sm almost unlimited nmnber of com-
pounds iz poesible. I fact thousands of these compounds are known and recorded in
scientific litersture, while numerous pthere gre pstablished in theory. From thin it jy

alvious thet the subject. of the chemishry of even the casapounds found in the indus-
trial naphthor would eonstitute quite a likrary and would he beyond the scope of this
article. A bnsle underatanding of the potrolewn hydrecarben types iu essential to
a study of tha nature and properties of the industrinl asphthas. To those in industry
who may dosice t0 go into the subject of types of hydrocarbons in greater detail,
there are many fine reforomcs publicotions in organis chemistry availoble to sapply
the nteded dotn. As spplicd to indusirial naphihas, special ottenlion iz called to
nos. 1 to 4 of the refersnoo materiol on page 11-29.

Four Semiterbuical Clasgifcations. Industriel nuphthes, as currently produccd
ang distributed to industrinl Bems in many lines, are usually highly somplex mixtures
of hydracarbons, with the exception of the relatively pure compounds such sa hexane
ar toluene. Therefore, thay do mot Jend themeelves to aceurate scientific clasiteation
in many ingtanges. They vary from the paraffin-type hydrocarbons to the aromaties,
and jn some cages, they mey contain naphibenes ond olefing.  Threugh usage over the
yearn, there have evelved o semitachnical classification and nomenclatuvg which will
be follewed n this discussion. ‘These classca are (1) aliphatice, {(2) aromatica, (3)
intermedintes, (4) odorlans. In mome casen it la the practice to divide the aliphatics
into porafiine and naphthenes.

1t hoa already been statod that many naphthss ars complox mixtures of hydro-
carboms. This is mainly due to the type of crude oil from which the naphiha is pro-
duced and aleo, to o limiled extent, ta the degros of frastionation vsed when the
naphiha iz produced. Crude oile from different producing Kields vucy widely in their
propettion.  Bome erode oils, auch ss Pomgylvanin grade, are highly pamaffinie,
whila some Weat Cosat cxudes are predomicantly aromativ. The rsulls ju terms of
oharzcteristics of naphthsa preduced from different erudes con be ilinstrated by the
“hydrosarbon brealidown’” of twa commescinl mineoal spivits, That produced from o
Mid-Continent crude had 57 per cent of paruffing, 32 per cent of naphthenes, and
11 per cont of aromatie componands. The naphtha mode from a West Coast crade
oil was 25 per cant paraffinic, 45 per cent naphthenic, and 20 per cent saromatic.

In general, when the dominabing hydrocarbons eomprising an industrial naphtha
ore paraffinic and for nophthenic, the naphths is classified as an aliphetic. MMore
spagific, howevor, is the practice in indusiry of classifying the industrial naphthaa
based on their solveacy. This is an arbitrary compromise but haes proved practical
in usage of these materials. The degree of solvency i determined by the Kari-Butanol
tost,** which is deacribed below under Jaboratory tests. Those naphthas with a
Emi-Butanol rumber of 45 or lower ave glassified an aliphatios nnd without regurd to
their chemical composition.

The aromatien, in industrial aaphthes, include the industrial grades of benzxene,
toluene, and xylens, with solvency of No. 68 or higher 0 determined by the Kari-
Bulancl teat. To the avomatio group we can also add g few special nephthes, such
ax tha dikyl nephthalenes, whieh have Keri-Butanal solvenrics comparsble to toluene
and xylene and find apecial application in the industrial field

The intermediate group of industrial naphthas eovers those strright-run snd blended
naphthes with Kari-Batanol solvency numbers between 45 and 08. The faurth
clamification, tha odorless solvents, has been st up to cover a rulativaly new group of
industrisl mophthps. These howe only recently appeared ; and they are charsetorized,
not by their solvency, but by boing for all prastieal purposes frev from odor.

The practice of many producers anid distributors of industrisl naphthas to market
their products by trode namo dovs not simplify the problem of identifying their clpa-
sifiction. This difficulty is offset by the fact that most coneerny publish complete
specifications of their msphthe producte, which benefit consuming industries by
identifying their classifieation ed wall a¢ in ather wayn. For the consuming induetries,

* Supstior gumbors indicato referancas ou page 11-99.
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one of the most valugbls publications covering the fild of jodatsis]l naphthas is
Ciscular 781, published by ths Stientific Section of the National Paiat, Varaish and
Lacguer Assaciation, Ina.$ The Circular's Thinner Index lists eomplete the con-
ventional tests for ail the industrial naphthes and, in moet eases, includes a hydro-
carbon brewkdown. The velus of this roferenca is u.-_ssn& by the fect it ia periodi-
olly revised and brought up to dats.

WMANUPACTURE OF INDUSTRIAL NAPHTHAS

We have noted slsexhoro in thin article the wide range of physical and chemical
cherasteristics thut go to make up the modern industricl waphthes. The fact that
they range from relative low solvency to high solvency, from extremely volatile
malerials such ea hoxane to very high boiling materiale, and from narcow to wide
beiling ranges poinis up the complexity of the problems invelved in their manufactura.

In the produstion of industrial naphthas, ficat congideralion musk be given to the
rew matevials from which thoy ave produced, namely, the crude 6il and the natural
gewoling, Thosa raw materisle themselvea, likke the resulting nophthes, are highly
eomplex mixtures of hydrocarbons and vary widely fvom ficld to field, in their chemionl
compoaition. Therefors, in order to maintaim uaiformity of produst, the conventional
praotice is to segregate for processing the crude ofl or natural gnsoline from which the
naphthas are to be produced.

The Brat process invelved is that of distillation. In fact, for mast of the better
known gliphatics, such as minoral gpirits, Stoddnrd solvent, and VM & I* raphths,
distillntion is the only process iovolved. In & few cnses a aweetoning treatmont of the
naphtha may be required to improve the odor of the produet. The fast that enly the
distilation stop in refining is required has been made pomsible through tho great
improvemsaot in fractionating equipment now employed in modera refineries In
Fact, in the distillation of naturel gosolive to produce the relatively pure solvents of the
peraffinie type, such a3 hexane, superfractionntion is required. In superfractions-
tion, products with boiling ranges of the order of 1 to 5°F erc mot mrususl The
veraatility of modern fractionotiog eguipment makes it possiblo to preduce naphthes
of praetieally any boiling range that may be requived in industry.

Frost? has presanbed in three articles a vory comprehensive picturn of the production
of the aliphatictype industriol naphthas, with partieuburly useful dota on the crude
uvils used snd on the physical and chemieal propertiea of the reulting products, with
the precise fractionation involved.

In produecing aromatic and intermediste industrin! nephthas, the refining tech-
miquos bacowns oo complex and involve the nower progesees, suth a8 cabalytie crack-
ing, catalytic rcforming, slkylation, isomervisation, polymerisation, sud thermal
reforming, wauplly with verlations of the procemses in these general types. Al theae
processes amo primarily chemical in that the chemicsl moke-up of tha raw material
charged ta the process is changed. Ponctically all these proccsses were ovigimally
developed to produce high-anlikneck motor fuel from low-aaliknovk chargiog stock.
It is & fortunate eircumsianes and to the sdvantage of industey that these newer
proccases alo producs many of the most important indostrial asphihas.

Wa have noted clecwhere that the arcrmtie maphthes—bemzene, tolueng, and
xylene—wese ariginally produced as bywoducta in the coking of conl.  Histovieally,
the eredit for the first method of producing mromntics from petrolewmn must go to
L. Bdeleanu, a lumanion chomist, when he discovered the fact thst liquid sulfur
dioxide had the property of dimsolving the smomptic hydrecashons in petroloum oils
but had low solvency for the paraffinic and olefinic hydrocnebons.  Rumaniam crmde
oil ia one of sevorel foind in the warld with a neturally high aromatic content. The
Iidelanan procees still aujoys somo use for the production of aromatic compounda,

e —— ——.

Because of the magnituda of the sobject, it is not within the scops of this article te
discuss o)l thess now processes in detxil. It must be recognited, however, that they
have made and are still meking important conteibitions in agpplying a wide range of
indusirial nephthee of high quelity. A few geceralisations san be made, howevor.
Figure 11-1 ig a simplified fowsheot of a modern petroloum refinery integrated with
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Fia. 11-1. Bimglified refinery fow diapram far the produttiom of industeinl naphthos.

these neveral processes weed in the manufaciues of industrial saphthas. It servea to
illustrato to some degres the intervelgtionship and cemplexitios of wodern plant opoea-
tiona, but it aleo indicates their versatility and flexibility. Two processes involved,
taermal reforming and hydrofarming, rste some additional atteation becanse of their
importenes in relabion to the production of induntrial naphthas. Reforming is one
principzl souree of the aromatice—bensens, toluene, and xylene—iram pstroleurm.
Hydrofgrming may be briefly deacribed ns & catalytic procoas which converte straight-
run gasoline of paredlinic neture ond low-antiknock properijes into aromatic com-
pounds Jurgely through confioflied dehydrogenstion. From the overhead matecial
fromn this operation, the Kght reformate, the avomatics—henzene, toluene, and xylcne
—are cbhizinod. The hydroformer bottoms slso have speeinl intevest in connestion”
with industrial nuphthes, na they congist of & high coneeniration of alky! naphths-
Jemes.  Theso ean be fractionsted to produce several types of industrinl aaphthng with
extremely high solvency. These particulsr naphthag have hecn found useful in thé
pestividal ficld e solvents for inacetisides, herbicides, and wood prescrvutives.

Allcylation is important in the production of industuial naphtliae, an it is the proscss
from which the newer odorlesm selvents are produccd, mich as odordess mineral spirit.
"This i8 & chemicnl procoss which can be simply illustrated by the word equation

Isobutane - 2dmtiono E isoontane
Guoride

The rexidaal products from thiv procoss are rofractionated and tvented to prodnec
woveeal odotless splvonta. The naphthas from this provem have improved odor
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treatment of purafinie-lyps naphthes.

The distribution of industril naphthas in the past L followsd np fixed pattern.
Originally, owing to thelr natare a8 petrolaum produets, they were marketed through
the normal sajes outlots of the oil companics manufactaring them, along with the
conveniionsl potioleum produwcls, In the past 26 yenrs, gn.. a tranyitiom has
beon taking pipce, and thy distribition of industria] muphthes ia becoming more
opecialiend. Many Santors are involved in this change, the Drineipal one being the
recognition of the growing importance of the industcinl naphthas ag raw materialy in
the modern esonomy, Basdeally, the industrial naphthas ocoupy the same Position
&8 oy other chemisu) raw materialy in relation to the conauming industries, Thace-
fare, the distributien of ihese Products ln tending to puratlel maore elosely the distriba-

Thets is no grosp of petroleam products that must be held 1o soch striot snd uni-
form specifieations ag the industsinl saphihas, Thovefors, in theix dintribution, the
phywical equimmont, sueh an storoge tauks, purnps, tranafer Enoy, transporting equip-
ment, and packagrs, must g striolly sopraguted for bandling industrial solvents,

Becsuss of the Aammable nature of the industzial naphthas, many goversmantal
Agencies have establivhed definile quantity and quality charscteristics which saust. be
met in thoir sals and distvibution. Qune of the principal featuras of these roguiatinns
i8 bo limit the quantitias of the nephthas that may bs carriod fa the CONBUMOTr's invey-
tory. Becaueo of this pravision, naphhn distributars must arrange for fast snd fra-
quent delivery weevice to (hefr Customeny for thess produots, Industriel naphthgs

nophthas are delivered in bulk and in lam than earlosd lots to consumers either hy the
nil company direst or tirough jobbers and distributoss, Gemorally the torminels nre
provided with spacia) hlending puipment, so thet epecial nephthas can be “inijor
made’" 10 the consumer's requiramenty.  Walers® hes outiined the diract effecta in
the blending of industria] naphthas.

The fact that the distrilating of industrial naphthes is 5 Speeialized prosedere has
baen recognized in industry, and mavy indepsudent voimpanies mxigt primerily tg
distribute theae naphthes. In some instancos the ofl compary which moduces the
naphtha hay estublished o separate division to handie thess swlez or hag set up & sub-
sidiary sompany (o tivry on this work, A spacific cxseption to the genoral praatios

UTILIZATION AND BTANDARDIZATION

In ¢ wodern induntrisl sconomy it is difieult b0 name un industry in whi
industr! ! maphthes are not divently or indivectly uidlized. These Produsta have
wide an  fewible range of qunkitien, such sy advency, distilation rangs, evaparati
raley, & |90 o, which mskey fhem joveluahlo in wmany specialised industrins.
the noce  ipanying group of thres charta, Fig. £1-3 gives the boifing rawges of n rop:
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Fiali11-2. Distillstion ranges of & rapresomtative group of aliphatic naphthas,
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" Fue. 114-8. Distillation tunges of & group of jndustiiul paraffioic hydrocarboya,

sentative grovup of the most widely nsed aliphatic naphthes, based on datn from refor-
ence §.  Thisis shows both narvow. gnd wide-boiling-range naphthes rarying from very
volatily to higigh-boiting producta. Figure 11-3 pives comparshle data on o group of
induatrisl puure paroffinic hydrocarhons, while Fig. 11-4 aupplies similar data on. a
repeaeniatives group of aromatic naphthas. A fuerther consideration in ghe !Ea use
of the induetzrzis) naphthas is their voady availability in large volumes and their low
o8t relative tita that of similxr products from other sourcey.
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Fua. 12-4. Distiflation rangos of thres industrinl acti e naphthes,
The paint, varuish, and lscquer industry is one industry which is vitally dependent:
oniudustrial nephthae as a raw matedinl.  The unuseally wide gield of quality require-

ments demanded by this induskey ean be met in no other aingle group of solvonts. .

This i* & major subject in itacif. Rsfurences 6 and 9 to 16 inchusive contribyte much
valuobla dotall te the problem ef the use of thess produsta in this masjor industry.
Oue of the more recent |arge-volume consumers of the industrizl nnphthas s in the
pesticiclal fiohd, in the aren of insccticides, herbicides, defolinnts, and wood proserva-
tives. The lint of applications for the industrisl solvents shown in Tabls 11-4 sevves
to illustrate the wide usn of {hese producte in many jnduatrial Felds,

Lablc 11-4, Typical Applicatione for Iedusirial Naphthas

Qil extrmstion Dry claaning Textilp manufpcturiog
Adledlvey Prioting inke Leather poodn

Asplult compounds Tahber industey Dagreasing
Papermaking Msails] pleening Aloobn) dhontyrznt
Flnor aoverings Tiosie sxtrantion Bilicans esmpounds

Wax somnpoundy Type chenning Runtpranfng soinpoeads
Metallic drysrs Textila printing Polishes

Chilorinated rabber Mushing slooning Undsrcontings

Srrke Bninge Reyin polntiony Ohemicgl infermedindey
Plarmscvoutionls . Besludging solventa

An gxaanination of tho spacific application of soma of the more widely used industcial
naphihes cleo serves to illustrate their wide utility.

Hexane. Thin puraflin nophtha hnds its greatest application in the extraclion
procesezs.  Here it is umed in the extrction of anyn-bean oil, cotlonsced ofl, corn oil,
castor oil, peanut oil, Jinsead oil foots, coson buans, sugar cane, and Ossweed nud in the
produstion of many esseniial cila. It iy slen used in the axtroction of oils and fats from
meat scraps, bones, gulage, wool, and grosses. 1t finds a lonited application in the
menulecture of rubler coments and adhesives, intaglio inks, shoms, pollophane and
wssking tapes, and artificiol-leather fivishea and in the eleaning of piccision macha-
nismu. It han the fasteat evaporntion retes of il the industrial naphthos. -

Ve
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Heptane. Thin iy ulso & paraffinio nophtha and i oesd in the piaee of hoxane when
operating conditions reguire a bigh-ash solvent but with & slower evaporation
mate.

Rubitber Salvent, This Jow-hoiling-point slfphatie solvent. is ured in fhg mami-
factare of rubber cements and adhesives, rubber tires, beake linings, intaglio inks,
leather degreasing, paints, and lecquors.

Lacquer Bolvent As implied by the name, the principal use of this product js as

a diluent in the preperation of laoquore and synthctic contings, where 8 quink-drying
material is requited. I'a evaporation rabe is comparabla lo that of toluono, and it is
frequently waod i combination with teluene,
" Vargish Maker and Painter’s Naphthe (VA & P Nephtha). s prineipal wae is in
Ehinning paimts and varnishes and to aome extent in lacquers. Tt 7x alsw employed in
the manufsciare of rubbor cements, adhesives, waxes, and polishes ond as type
clesser. It is frequontly referred to as "light asphbtha’ “dry-cleaner saphths,”
and "gpotting naphtha.”

Stodderd Selveat. This naphtin wns originally developed ss a special colvent for
the dry-cleaning trade. Tt s gaod eolor and odor sod 2 relakively high finsh point.
1E alvo fiada many veos in other industries, particnluldy metal cleaning and degrensing.
Biandard spocifieations for this naphths bave beon set up by ARTM Commities
D-2 on Petrolevm Products and Lubricanta. The requirementa csll for o " petroleum
distillatz, clear and free from suspended matter snd undimolved water aud frec from
rancid and objestionablaodor. Tho odor hall be typical of a Sweot’ rofined naphthe.”
Property requirements for Stoddaud solvent wre given jn Appendix, pege 11-35,

Benzens. This iz the lowest boiling matorial in the aromalic series of naphthes.
Bocause ¢ in highly toxie, its um in mowe Hmited thon the other promatiea and snecial
precautions are roquired when it is employed.  As a general rule, it should be used saly
when no other aromatic ean do the joh. Yrom a voluma standpoing jta grontesi wee
i s & raw matorial in manufacturing eynthotic organic chemieals. Three grades of
industrial benreno have hoen standardised by ASTM Comemitico D-16 on Industrial
Aromatic Hydrocarbons and Related Materinks, und their property requivements are
given.in Appendix A

Tolueme.- When an industeial naphtha with high sobvency i retuived, foluenc 3
generally used. It is n solvent for the heavy synthotic rosing and s thinner for ayn-
thetic reain contings. Ik isome of the minior componenta in the properalion of lacquers.
Beeause of ils yapid rate of craporation, its wee is indientnd whew fust deying is
an imporiont fetor. Proparty requirements for two geades of industrial toleene
ave given in Appendix A

Xylene. This naphtha, like toluene, hae excellent soivansy properties for many
oxganic compounds ead & particutar the synihelic resine. It iz weed in most typas of
nyzthetic continge. It bas » slowsr avaporation rede than tohiens and is ysed whera
slow-drying requirements enonot be mat with folyene, Informediate drying rates
cau be met by naing & blend of xylenc and tolwene.  Properiies of four grades of indus-
trisl xylene arve shown in Appendix A.

Awong the hlively new aromstic naphthas being produced from petrolenm,
mention shonld be made of the afkyl naphthalenes. These solvents displny somo
unosual propoeties, partioulerly for the pesticidal ficld, where the wolutions 6 the
ective agonts such 2s DT, for example, must stand up in stornge ovor bong periods of
lime and through wide teraporaluce ranges without precipilaimg the active ngent.
Furthermore, it is possible to supply theae new naphtha produrts in o wide rangn of
beiling points. . ]

To date, 15 imdustiial sclvents and related materiale have boen standardized and
their specifioations pot. up by the ASTM. These are Jisted in Tuble 11-5, and their
properties given in Appendix A.
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‘Lapje 11-6. The Standardized Industrial Naghthax

Specifioagion
Name Darignotion
Bproifications Fravured by ASTIE Cemmitton D-2 an Petroleury Fraducts and Lubrionats
Patroloum spirite frolwmsd apivitw)_......_............_.. 0 249
Heuvy potraloum gplsits (haavy eninoonl apirita). ... .. D %83
Staddasd olVent, .. .ooo, i i e e D «8¢
Bpecifeationn Propoumel by ASTM Commitics D-16 an Tofuytrisd Avomnatic Hydrocarbons
and Rlated Matarjals

Mitcation-gradc bensona, .., ... ... ..., D 838
Indusirin]-gonde beasene. . ..., ........_......
Indastcial 99 bosmosw. . . _..0n ., ...,
Refived aohust npghtha..............,
Craulo light solvent nopbths. ..................o........
Crudo isxvy salvent napheths.. .. ... ... .. ...
Nitrotion.gode foluens. . .. ...
Industrinlayade yolvene_ ... ... ..., ..., ... ..

Nitentioo-geade xyleos. .. ... ... ..
Industrivd-grade xylevs... ... .. .. .
Pive-degroc svloms,............. ...
Ton-degten sylang. ..., _..

# Teatoljve.

PHYBICAL AND CHEMICAL TESTS

Siace the industrial naphthee ore employed in e wide varioty of sonsuming indus-
tries, it uaturally follows thas meny Iaboratory test methods are used to evaluate their
suitability for various applieations. Many test procedures have bean developad end
standsrdized by smch resognissd technics! orguuisations as the ASTI* and the
Foderstfon of Paint and Varnish Production Clahe 't Many producers of these
Baphthas es well aa meny comuming industriee sleo have developad procedures for
evaluatiog the anphthas 1o mect tha requirements pertinent to their spacifio cpara~
tions. The conventional lahorntory test methods with which the oil industry ia
familiar la many instances ave not applicabla in deterining the specific requirements
for the induateial naphtbes, In thia Kmited text only the iasty commonly used and
their sgnificance cin be disoussed. Reforences 4 end 18 to 30 are rebommended for
wider 1nd morg detsifed information cn the laborstory evaluation of the induntrial
paphthos.  Also, for more completn information an the standsrdized tests snd their
significance refovence 21 will be valuable.

Gravity and Deasity. The donsity of industrial naphthos is sormally indicated by
spocifie gravity or by APT gravity ® Bpecific gravity as applicd to naphthas is the
ratio of the woiglit of » given volume of the materlal st 60°F temperature to the weight
of an equal volume of distifled water at the same temporatura, both weights beling

. eorreeted for the buoyaney of air.  The API eravily of o naphths is based on an arbi-

trary hydrometer scale wikich is relatod to spocific gravity as based an the following

formula:
' 141.5

ap gr 60/GO°T

An APT yravity of 10.0° is equivalent to o specific gravity of 1.0. Products heavier
than water will have an API grovity decressing from 10.0° as the specific grevity
increases.  Those snphthes lighter than water will have AP gravity values increasing
ebove 1.0* as the sperific gravity decrorsas.

The primery usc of edther the apecific-gravity or the API-gravity teats is to estublish
volume-tempemture and volume-weight relstionehips which are eeseatial in com-
mercisl transections between suppliers and consamers. These relationchipy pre
pattieulesly advyniageous for those consuming imdustcien whose formulag are estab-
lished on o pound bosis rather than s yellon basis although their purchnses are on &
pound hasis. A couvenient and sceurate method for making the nesesgary volume-
tempersture and -weight relationships is by referonse to the ASTM-IP Petraleum

Doprees AP] = - 181.5%

Py
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Moasurement Tables, ASTM D 1360.1% For more socurate measurement tables for
ugs with bensene, toluene, ot xyleoe, & new method has been developed by the ABTM
and published for information only.®

The apecific gravity of naphthas can be determined by the following ASTM stand-
ard methode of tost.®™ '

1. Density and Bpecifie Gravity of Liquids by the Bingham Pynomoter, ASTM
D 1217

2. Donsity and Bpecific Gravity of Hydroearhon Liquids by the Lipkin Bicapillary
Pyenometer, ASTM D 941,

The APY gravity of industrial naphthas can be determined by the ASTM Method for
API Gravity of Petrejeum end Ita Products, ASTM I 287. ARTM D 1298, ABTM
Standard Motbod of Tust for the Spocific Gravity of Potrleum pnd Ila Products, ¥
can elao be referred to.

Color. The coler of an industeis] naphtha is mpartant lo bath consumer pad
producer.  For the former it i a defermining factor of quality in respect to ibs effact;
upon the end product, meh sa white coatings. This iv particulardy true in the peint,
varnish, ood lgeqner indusicy wnd in the duy-clenning business. To the producer
color ia & partial jadicator of the degres of rofinement of the product.

For thass naphthas having s “‘water-white'” to “straw’* color, the color is deter-
winod by the ASTM Teatative Method of Teat for Sayboli Color of Refincd Potroleam
Products, ASTM D 156-53T.® 1t ahould be nated that, in normel commervial usage,
su industrial naphtha with & color of 4-21, under the above procedurs, is considered
to be a vator-white produet.

For thowe unphtling having & color darkor than pale stinw, the color is determined
by the ASTM Tentative Mecithod of Test for Colar of Lubeicating Oila and Pairols~
tuym, i.e., unjon colorimeter, ABTM D 185-45T.% The ABTM Coloc Btanderd, D 155~
45T, can be compared directly with tha Natinoal Petrolewm Associntion (NPA)Y
Htandards by-Table 11-8, which covera the color muge involved.

Tuble 12-8. Color Standards for Naphthag
ASTHN No, NpPa
(D 135-43T) Rame
1 Lily white
1.5 Crenm whita
2 Extcs pale
s Eatra lemon pale
3 Koo pule
1.5 Extra orango pule
Orango pola

Volatility. The inherent volatility of the naphtha s perhaps the major quelity
that must be considensd in any opplication for industeial purposes. ‘This coneiders-
tion, plus the fact that many segulations pertaining te volatility have been adopted,
partioularly by municipelities, to minimnise fire and explesion havacds, hag resulted in
the development and stsaderdisation of scveral Jaboratory provedures for evaluating
volalility. The first of these, and one with pertinent logal significance, is the flash
paint.

The fash point of ay induatrisl naphtha may be defined aa the lowest tempoeature,
expremcd in degreea Falivenheit, at which the sotvent will vaporias to szch en extant
as to form a {lammable mixture with air. The fAash point provides a quaktative
index of fire and explosion hazard and alec the oceessory information for the cor-
rect transportstion clsmifiention end labeling, sa well on for the sclection of the
shipping container. Several procedures for Hash-point determination are wyailsble.
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The determination of Uhe nsh point jn carded out by heating a sample of the
caphtha in o spacificalion cup std passing & mnall flame ever the surface of the liquid
while hesting. The temperature at which a finah, ia, jgnition of the vapors, pceurs is
recorded e the fiash point. Thestandard cup may beof thu upen-cup type or pravidad
with & oover (dosed cup). Tho threestanderd prosedures of toat for die devermination
of @ssh point are:

1. ASTM eloscd ocup (Teg closod cup), ABTM D 56.% This proveduro is normally
used for naphthas flashing below 175°F (79.44°0).

2. Powslcy-Martens Clonsd Cup, ASTM D 089  Thiy standard tect is designed for
determining the fiash paint of No. 2 and heavier fuel vils, Tharefore, ita application
‘o industrial aaphthes at the most would be Emited te a fow special and vauguslly high
boiling poiat prodasts,

3. Cleveland Open Cup Method, ASTM D 92, This in intended for dotermiting
the flash point, aa well as the fire point, of afl petrelenm products, except fuel oils and
thoss products having an open-cup finsh point below 175°F (70.44°C).

Another method for determining flash psint of naphthos is importunt and hag
govermment approval and thevefors some legal status, although it hea not vet been
.np-&p«..:unn. This in tie Tag opea—cop method. It should be noted that this pro-
cedure i currently under stndy by the ASTM, with o posuibility of its eventyal
standordietion. This procedure is dusigned for detevmining fash poiuts of volatile,
flamnmable materials having flash pointy ahove 60°F (15.50°C) and bolow 175°F
Qw.nw._ﬁv The toat ie oot spplicable ontside this range. The imporisnce of this
teat, Tica in the fact that, through bong 1mngn, it hea been designated by govarnmentsl
ageneios ae the teat to use to determine propes transporiztion clussification of material
and labeling, under Interstate Commeros Commission regulations, as well as proper
aborage conditions under varicus governmental laws and ragulations.

The distiliation rauge iy of mujor importance in sonmidering the ultimate applieation
of induetrial raphthas, since it supplies o relative indication of the evaporation raty of
one naphthe v, that of ancther. The dintilintion range of the aliphatic naphthas is
norslly determined by ASTB D 86, while the boiling range of thosramatics—honzene,
toluens, snd xylenc—is determined by ASTM D 850.  Under both these methods thers
ave two twrms, both widely employed by the rmphtha-conseming industries, which
should be defined in order to climinate misundergtendings that semetimes appens.
..E..Ba tevme sre "end polut’” and “dvy poird’’ Clarifieation of these terins avoids
E.-::mﬂ.awm-n:_m end confusion. Tt sppesrs logical to point out thet, owing to the
many tests involvod in cvaluating the indwatrial naphthas, in eny formal contractural
wzm@.-aas__ for the purehaso or sale of industrinl naphthas, it is highly desivable to
inolude ths epecifiz teet provedies to be zad in determining the quelity specifications
that may be a part of the couteset. This applics tp other proportisz as well aa the
digtillstion range.

The ASTM® dofinez “ond point’’ or “maximom temperature’ gu the highost
25-.5-_-5:#. reading observed during the distillation of the product under test. The
same w_m_.m.ﬁaw definas “dry point™ as the thermometer reading 2¢ the instant the
distillatinn fiask used in the test becomes dry. ASTM D 1078 is 5 speciul distillation”
v.ﬁn&‘..a for determining the distillution range of lacquer solvemts® and other prod-
E:m with boifing rangee botween 86 and 453°F.  Beveral of the very volatile ngphthas
derived Trom notural gasolines are ao volotile that they must be handled, menrured,
mﬂﬂn—ﬂ-“ﬁ -_.-w._ ..“uoeg.». _“-. lower tempernturcs than the higher boiling nephthas,

produets A sposiel procedn 3 i i
ardived, £GTN D A0S re for detormining boillng range kas been stand-

The ASTM lws published, for information only, a test proeedure™ for determining
the hoiling range of peirelovm products which, if ultimately standardized, will replage
the present standard ASTM D 86 and D 158, Thie metliod ir intended for nse in the
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distillation of motor snd avistion gasoline, naphthos, kerosing, gra oils, distiliate fusl
oilg, and ginilar petrolenm pradnets. It is not fulended for uge with petroleum prod-
ucts of exiromely wide distilstion range. In the past various Jaboratoricy have
expericnoed deviations in determining distillation rongea of the sawe product by the
different ASTM didtillation tost methods. A cooperative interlaboratory study of
the two ABTM methods hus rasulted in these conclusions:

fa) Bimn of Awsk, distilistion rate, heating equipment and prodoot boiling range heve
little ox nofbing to do with the exyrors noted between distillntion msthada D 88 and D 107B.

&) Tha only source of evor betwean tha two methods Lies in the thornometers wsed.
When suitsbls coneetions ote mads, the errors dicappear.

{c) The wide divergence in boiling ranges betwoen Metheds D 88 pod D 1078, sx prognos-
tippted for miners) spitits, in veality does net exist. .

{d) The Lnal holling paint should be eliminnted as a spoctfication limit for salvents,

The working group which made this interlaboratory study, of Subcommittee ¥,
ABTM Cowmiites D-1, eoneluded their report with those rocominendations:

(@) That Method 13 1678 be revited to olimingte from the scope the seutence, ™ This
method is nat inlended to bo used for mineral spirits and similar potroleum producta.”

(5) That all solvents under the jurisdiction of ASTM Committee D-1 by distilled in
saomdanda with Method 1) 1078,

() That sll mlvent mpocifications undor ASTM Committee Dol jurisdiction be revised
to includa & apucific partial imersion thermometer recommendation,

{e) That, whru Stoddurd Solvant is ta be rold or nsed sa Mineral Bpirits, the ASTM D 56
distifiation range ba sorrectod for omargant atam tamperaturs nad be reportvd us auch.,

(x) That the 208 ml. dask vsed in Distiflation Method D 850 and [} 1078 e repommonded
to ASTM Convmittec D-2 me o ssitable replarement Jor the present 100 ml. Aagk o the
propoecd 125 ml. MCA flosk.

The charnoteristic of volatility must sleo includo referenes ta tha vapor pressure of
induntrist naphthas, sines together with flush point, it js an important index of fire or
‘explosion hasard in the trsusportation, handling, storage, and usege of this material.
Yapor pressure, o determined by the standard ABTM method D 323, provides data
0N YAPOT pressues.

The evaporation rate in aucther important characteristic of industrial naphthas.
It is related to volutility and in of great spmificance Lo meny consuming indnstries,
winee it provides the informativn on the Hme required for any speeific naphtha to
dry completely. Many variable factors ave involved in any detcrmination of cvapora-
tion rote, such as tho tomperstore of the !Bs.:&..m air, the atmoypheric pressure,
reletive humidily, vapor pressure of the sulvent at, its bniling point, and hent of vapori-
sation, among others. ' Bavernl inst progeduros for detsrmining this characteristic
of evaporation rate hove been developed and arc jn wse today.  However, becauss of
the complexitiea involved, no method o yet has been standardixed.  Therefore any
given set of evaporation raten for naphthes &5 of littte valos unles the mothod by
which they have boen determined is also specified.  An investigolion of this problem is
being carried out by Techmical Bubeommitter No. 66 of the New York chapker of the
Pederation of Puint and Yarnish Produetion Cluls.2 Bubok,® Bilmsior and Ritten-
haunen,’* snd others have made substantind contributions Lo the study of evaporation
Tates for the naphthes, The Amsco mothed® has been emiployed for many years,

The Amsro method for determimation of eveporation oies, though it Jeaves muzh
to be desived from o scicniific standpoint, does have the sdvantage of Lioing simple and
inexpensive i design of the teat cquipment, iy relatively fast in operation, aod daee
provide compatutive reaulta. The squipmont consiete of 0 hoxed chembor with a
small oxhaust fan and » revolving table to bold ovaponting dishes for the samplos
under toat.  The cvaporuting dislics are equipped with Lightly GHing cove to ensure
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mo Leos m_..ﬁn_. evaparation while weighing sunples. Ten milliliter samplos aré
waighed in the eveporating dishes and thon placed on the turatable, the fan stevted

and covers removed from tha evaporating dishes. Weighings are made at p—zﬁﬁm
mate jncroments of 10 per ceat Jos in weight to Gosl evaporation. Tho reaults e
plotted with evaparation titne, in minutes, against percentage weight evaporstad.

Other mathnds for determining tatc of evaporation, involving modiscation of the i

Jolly balanwe, bave becn doveleped for industcinl uee. [n

Joll ~ 3 @enaral, these method
indicate the peveentspa pn unevaporated material st specified zB«_um.-S_.“u-. a_-“
results can be plotted to give cvaporation surves.  One procodure of test, hased ako

on the modified Jolly balanae, hos bern developed by Gathman.® This procedure -

given very sccurats romlts, reportadly an aceneacy of 1 per cont throughout the
evaporation range on duplicate resulty. B8till another method i the Shell thin-fitm
evaporemietor, developed by the Shell Ol Go. This is alse of the modified Jolly
balance type and is the instrument buing wsod in the werk of Tochnieal Committoe
No. 66 of the Federation of Paint and Varnish Production Club.»

Botvency, The large volume of industrial naphihes employed by industry i
marily aa sofvents emphasizes the importancs of the virioe test progodures waed in
evaloating this charseteristic.  Unfortunately, no single or standeadived Lest exinty
by which thia property in naphthes esn he detecmined, The reason for thit is not.
diflicult o underatand when it is recogoizod thet thase produsts are hydroearbons and
ranga fiom »»_a._..s.&a?ma&. wliphntice io the high-soivency sromaticy, not to mention
the ptmant, limitleas numnber of naterinle for which industry muet ru.hu golvents. In
many inatancos, individual companies have developed .methods for determining
solveney tailored to meet their own pastienlar requirements in thess naphtbes.

In ._m.n...a._.mnﬁn solvency the following stundard methods of tests are need, and they
serve 1 indicats the qualitative and relntive bility of  naphtbs 40 hold in sobtign
the mere generally employed solutea and in particolsr those used i the protective
coating industry.1t All theso tests ars official ARTM methods:

1. Avifine Point cnd Mixed Auifine Palut of Hydrocarbon Solveats, ASTM D-1012,
M.—M-&Puaonemﬁo% alno approved by the Fedaration of Pajnt pod Vernish Predoetion

2. Kari-Botanol Volue of Hydrocarbon 8clvonts, ASTM D 1133, alao cpproved by

the Federation of Print and Yarnish Prodviction Clubs

3. Nitrocellulese Dilating Power of Hydrocarbon Solvents, ASTM D 1134

4. Heptane Numbor of Hydrooarbon Soiveats, ASTM D 1132, .

B. Viscosity Redvction Power of Hydroearbon Bolvents, ASTM D 1311 (teatative)
. An n.na..aSz-._.zB‘ 1t con ba stated that the higher the aromatic content of na
industrisl naphtha, tha gromter tho solvency. Tharofors, an snalysis of the naphtha
or 3 so-celled “Iydroearbon breskdown,'” is highly desirable in dotermining the suits,
bility of z..m malerind for certain specific applications. Seversl atandsrdized pro-
cedures to indicate the nature of the hydrzoearhons present are Ested hare:

1. Bensene sud Toluewe by Ultraviclat Bpectrophotometsy, ASTM D 1017,
D w_.u %.Bapaa Hydrocarbons in Olefin-free Gasaline by Silica Gel ba_-o...rmi-Mbmﬂﬁ

3. E&S.E—.._e: Types in Liguid Petroloum Produets, ABTM D 1319,

4. Olefinic phw Aromatic Hydroondons in Petrolourn Distillates, ASTM D 1019

5. Olefins end Aromiatios in Gasolive, D §75. ' )
um,u M&ﬁ? Index and Mefractive Dispersion of Hydroexrbon Liquids, ABTM
. Two Ho-.-.nan Detecling Sulfur. Desnuao of the ofcionay of modera manufactur-
ing; and refining processea, the possibility of obtaining induatriel naphthas anteining

> hatmful elsmental sulfur snd corrosive sulfur compounds in rather remote. This
m ia tha cnee even {f the original eruds oil fram which the ngphths was produced woa s

R T

tigh-suifar-typo crude. ‘Twononstsadardised tests for suifur sre widely used, nomcly,
she socnlled doctor test and the full distiliation copper strip corroaion test, Ths
former iss qualitative method for deteating the prosenco of mereaptas sullar or hydro-
gen ulfide in the material A nephtha that gives negative results with this test in
deaignated s “aweet,” Le., baving s good odor.  The latter isuscd to indieate eosro-
sion and is employed principally ju the costing indostry. An entirely sdequate
etandard best is the ASTM D 130, Fres and Cocresive Suifur in Potroleum Products.™
The acope of this article on indusérial naphthes doss not penait o complete detailed
digcussion of the various test preceduras or their significance.  For this information
the reader ia divected to the ASTM Book of Sitandards.* For g complete diecassion
the signiBoanss of the various iests given here mostly by titls, the render is directed
o tha ASTX Spacial Techwiczl Publicotion T-B, Bignificance of ABTM Tuats for
Petroleum Products.3t .

SAFETY PRECAUTIONS RSSENTIAL

In the uss of industrial paphthns, consideiation must bo given to their inherent
propoxties and the neceasary precautions taken to ssgure maximum sofely in their
lmndling. These matorials ere flammable, snd upon cvaporation, under certein
conditiona, they will form explosive mixtures with nir: Alsp it is importsat ta eon-
sider the cffest of thes naphthas on humea beings who may come jnto rontact with
thn materinls or vapors from them, Oporatom may he exposed to direet contact to
the ekin, through inhelation of the vapors, or orglly. The reaulting problems of
toxicology have boen studied by medics! autharities with the oil companies, and
reports sre sveilabio in the literature. Only s few gencializations are within the
acope of thia diecusaion. .

OFf all the industeial naphthes, the aramatics src the most toxie and, therefore,
rate the major protective prosautions. The sliphatics, such as ordinary minoral
spirits, arc relativoly nontoxic. Benzcne i highly toxic, and groat care must bo exer-
cised in its handling. Taluens and xylone ate loss toxic buk more of this matore than
the mliphatica, Direct skin sontact with these naphthaa mey result in dermafitin.
If the vapors ate inhaled or sbeorbed through the skin, In extromno onsea thoy may act
ns irritonts, esphyxiants, or anesthetics. Some individuals display greater sensitivity
to the industrisl naphthas and vaay reguire groater safoty precautions. Extensive
publications an this subject o the toxicologizal proportios of the naphthas are widely
pvailabls. The Toxivalopy Revfcus® pubkahed by the Americsn Petrolewm Institute
are of spacial infarest, sinoe they stom from the potroleum industry. Various publica-
tionw of the U.8. Publie Henlth Bervico sre suthorilative sourcga of information.
Sarne of the state industrial comunizsions have also published excellent malerial on
ths subject of safoty. ‘The Amerienn Confererot of Governmental Hygienista is alao .
2 sourcs of published material,

Many of the micty precautions taken to protect operators alag serve to protest
propecty agalnst explosion and fire. The flnmmability of hydrocarbons jv always &
problem in the atoring nnd heodling of industrial naphthes. Many of these vapors
gre heavier than eir, and therafore provision for exhausting vapors from working
aresa it nevessnry. In the arcss where nophihas are stored or handled, sdeguete
ventilation should slwnys be provided. Lenking fittinge, pumips, valves, aad storage
tanks should not be tolereted. Handling equipment should ba of the type that will
roipimire wpiflege.  Obviously, fires and lights shenld not be allowed in arcae where
naphthsa ars starod and used, and al elestrical cquipment should he of the spproved
axplosionproof type. Table 11-7 presents for & few paphthas their liazards hoth for
operatora and for property. Colewm 1 in the table indicates the MAC (maximum
allowahle congentration) in air expresed in pasts of naphtbs per million parta of ir
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Tabla 11-7. Relalive Toxicity and Flemmebility Ratings for Selected

Industvial Nephthas
Naphtha nwwﬂ.nﬂ 'l Column 2t

Ponlant....oc--0caue- T 1000

Haxemo. . ..........- et 00 395
Haptane, . 500

Qctomn. . Tt 500

Bioddurd. -o—-da. . 100 31040
Goadline, . . 500 95-100
Kerasimo, . = 00 3040
I¢aphtha ?._an._ﬁ—_-g $00

NapMln {conl Ear). .. -=---.- 08

Bomxeoe. . .......... 33 95-100
Toloens,,......c.... L J00 75-a8
Xylong. .. ....coon. . rmmn 200 445

# Bavimum Mlowable conoentvation In wir. axpressnd In parts of smpliths par million perts of M,
from the Amerivan Conforonct of Govermearntal Hyploniets.
+ Plammsbility retinge of the Undarweitne’ Labeoratorin

ny taken from the American Conlsvonce of Governmento] Hygienists, 1954 Colwnn
2 indioates the Underwritars' Laboratory fiammebility ratings for the naphthos. The
data is shown only to indicnte roughly the relative toxicity and flumoahility of thews
materials, In colwmnn 1, the lower the MAC, the greater the toxicity, while in column
2 the lower Lhe ppm, tho leas the Gre and explozion haxard. In any spacific opplication
two fastore relative to these conditions of toxieity aAnd flammability should be lopt
in mind. Fast, with any indusirial paphths, as, for example, minersl apirita, while
tha materinl in ita chamniesl composition will be prodominantly mado up of alipbetio
hydrocarbona, it may vary considerably in its svomstic content, deponding largely on
ihe crude pelrolewn from which it waa produced. Insoch o naphtha the one with the
lowsat aromatic contont will shaw the lowsst toxicily. Second, smd again using
mineral wpirils as an example, the chemieal composition as well as the bodling range
muat be eonsidered in assossing its flammebility eharacteristics. A sefs goneral rule
to follow ik to overrate the maximum allowsble conoentration sa to both toxicity snd
flammability and thus provids an ample margin of safety.

For the maaufactorers of agrienltaral aproys snd similar products using nduetsinl
nophthee, there mny be snother problem, that of “phytatoxisity,”” or toxicily to
plants, trees, and shrubs. There arc so many tactors involved in this problem thet
only a generaliention can be mads in the light of present knowledge. In generel, the
higher the svomatic contont of an induatrial naphtha, the greater its phylotoxicity.

GUIDE TO CURRENT AND PRIMARY REFERENCE DATA
INDUSTRIAL NAPHTHAS

For tillea of roporis indmmd below ses Reference Dol Dicoclery, Fask 1 of See. 18,

Sonpléing and Measurement, API-22, ABRTM-3, ABTM-4.

Bpecificntions and Properties. ASTM-1, ABTM-H, ANTM-10, AHTM-11, MPSA-I,
NB8-3, NGAA-2.

Teating Mathode. ASTM-1, ASTB-B, GPO-6, NPYLA-1.

Btoroge, Hendling, and 559&&5:. APL.25, Pnuu.w» BE-1, CG-2, NFPA-2,
NFPA-S, NFPA-G.

Supply-Demand end Ulifization. APL-8, API-26, BM-16, MOA-1, USTC-1.

Sources of Supply. BM-B, MHPC-3, 0GJi-1.

Prices and Price Trends. MHPC-1, 0GJ-2, OPDR-1.

Bpecial Taxes, Inspeciion. ...an..uw. WrRA-1
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APPENDIX A. PROPERTIES OF STANDARD INDUBTHIAL NAPHTHAS
AND RELATED MATERIALS

(Talnn from $ht Btanducd Spetifoationn fmued by the Aramicen Bocioty for Toeting Maberisls)

Preprred by ASTIM Committes D-8 oa Petraleum Products and Lubsicants

Petroleum Bpirlta (Minersi Spirits), D 288

Scope. These mpeeificstions apply only to petrolonm distillates.
FPropteties, Ths materinl shall conform to the fellawing requireinents:

APPRIRTBNDS, | .o ciaiaire i rrne .. ' eloir and Proe of suspantiad mattor and wator

OOME. ..\ cveineenaeima et e watee wlite, not desker thun No. 21 Snybolg
. Chromomelor
551-.&5.-_.*- PP CPR [ B it | N e)]
Blackening.. femec i nciianiaeeieea -~ ahell net Blanken or currore cleaw metallic aspper in
38 min. at boikiwg point of apirite
Distillation: -
Porosnitoe recovarnd ak uu_:.:dg$ - n
Eod poimb. .. .coooiai i cen o o 4MT (R0
Acidity of distillakisn residuo, . vow o we.e moutzal

Heavy Petroleum Spirits (Heavy Minsmul Spirits), Id 9656

Seops. Thess spocifications spply anty te preirolrum distillatea vecd oo thinnors for

slow-setting pointa and vernishcs.
Propertias. The materiol ahall conforin bo the following requirements.

APRESYSDEE. .. .ciniini i ianaaa - +...- dear nud froo of avepended mniter nnd waser
Color, . Cvve i resaen, . Wobar white, not tlerke Lwun Ro. 21 Baybolt Cliramamoteor
Ea-ru&ar..mﬁ cveees o 129F (5L5C)
Pinokewing. .. ........._... .. "7 7" oholl net blsoken or cerrada dloan metsllic aopper in T wdn.
s at bajling ppint af spirita
Dintitlation: S s
Initiol boiliag point, min..-.. .  MOIF(17IC)
95 per cent (by valume). . - #%OT (238 CY
End point, mex Tl MSEOALSO)
Acidity of distilntion- 3.._..5 ....... nautrsl
" % Teptative.

Stoddard Salvent, D 484

Scope. Theae specifications caver o grade of petrojeum distillate of low Aammebility
used in dry cleaning.

General Requirements. Btoddsrd solvent shall bo a petrolcum distillate, clear and free
Jrom suspended matter and wndimolved woter, end frea from rancid 2nd obioctionable
odor. The ndor shall be typical of s “eweet™ refined nophthe.

11-25
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vimnou  ACyWremteNls, MLoduard acl all .
reguirements: vent alwll soaform to the following detallag

[
Garreaian st DG, 771 1T e ot roane. s " Snrleac i 14

mrtvese-oo. . NOE tmory hOR oxtremely slight disoclormti
fhe copper best afrip, or giona Euaaﬂﬂﬂﬂ_
slon Whan & mutunlly epgroved yafarence atrip

Ual!.:-:..............:..............
“ﬂ“ﬁ.—hﬂ!ﬂmnr ﬂ-ln.. prroemt.,. ... ... .mlbnlsn
H.—--ulsazqs" »dog Fabe, ., ... ,.... —...s 10D
CenteRe reoavered at 34 F (136 C), miy . ...
Prreanpoge rsovrored at 375 F{i%6 0), !m“ ..... ““
Tnd puint, wax., dog Poe, ..., 0 00 410
bn——._g..r mRx., Peroemb. .. .. e, L5
Bt e wo ncid rosstlan (0 mathyl Orange shown by

roniduc from dintilarion

Coutaioars, Btoddurd wolvont shall be delivered in olean contat
TeTs or Ewnks, -
triner proviously has boen used for other materinle, Fuch as fus) ail, nanwump shall rMn-.ra?aE_
oughly clesond md rinsed with Btoddard salvert, ’

Prepared by ASTM Committee D-14 on Industrial Aromatic Hydrocarbony and
Relatad Materials ’

[ |
m de Bengene, D 095

Proporiies. Nitration-grade bengone sball conform ta the following requirements:
mrjﬂmnu goowlty, 15.567)5.560. . ... v--»ss 5.0820 to 0,8540
e e e s vﬂhﬂﬁdﬁsh salution of G.0050 g af KCri0rin |
Tatel distilintion rongs at 760 mm Dremeuro, ‘

.—un-ﬁo._n-aa-.r.-.., nok sone: then | !
. . ve- MO inc temp
Boliditying pofet.... ... ~e-o oo mot loner tham a.ww mﬁhﬂ.ﬂﬂ”&-ri&ﬂ:ﬁm oremic

bbékaimﬂ.,-. oalor._, ..., e ”“Mm».._as m&-pﬂ.s zmo. 2 oolor apandard
........................... r ; Hmg iy, ; idi
guqewqﬁﬁnﬂmﬂ..: Craeeriiaaiioovau. .. frem n...m.uwusm wo.-. e wvideace of weidity
Copps | et copper steip shall ot show ieidestenoe nor n gy or binck
dopuit or divolarntion

Industrial-grade Benzane, D B36

Propocties, Industrialgrade benzene shall canform to the fallowing reguirements -

mwﬁ? soavity, 159670856 C. . .. 0.875 ta 0.086
................................. e -5—-. h-nb_.!. —"sa = solntion of 0.0030 2 of KeOri0yg in 1
..—.ﬂ_l distillation range n¢ 760 mm. Dresaure, o ol b
bamw_.- ﬁru“”_ H...Eu ....... S ecmiaannes .y not innce than 2 C, ineluding the temparataure of B )
iy, uot darier than No. 3 solor atandord

Bl eovgoual || 17T T o of i ey ™ ©*10me0 o aciity
n " T TNt i iesaa. - ] ¢}

OPpes Corsosion. .. 00T ._o..el.-._m_:-.’__:Rb_.as.m-m._...nﬂauaﬁiug,s.tﬁr

depesit or disooloration

Industriz] 8¢ Benzeng, D B37«
Properties. Industriol 90 baazone shell sonform to the following requirements:
Mﬂma. Evavity, 155871856 C.. . ..., 0.B70 tn 0885
or. ..., ARRIERTE TP not detker thaw 26 on the Platinum-Cabalt souls by ASTHM

Mothod D 1209, ox thevis color
9, bln [ pe nog derker thun
-UE—I&_-S ronge at 760 Mm, prassure: )

Initial boiting point (Grat drop), min.
Tuasmaui_.sig.eeﬁ.ﬂ_a..... M“o
Ua:.._a.r-ia_................... 120 C

Noovohtde matbor, ynx,, ... oo+ DOQS gper 100a]
o S S ..+~ charaetaristic svomatic lirdreacurbon odor as ageeed on by
uyor and salloy

A waeh SeIOT. .. e s Not duckes thon Ne. 6 polor stundard

WAl cvcrraneennraeenrn PR not mullloont ta akow burbidity ot 30 C

ARG no frse Acid; that is, 3 cvidence of eidity

Sultur senpounds. . .. y trea u.z.n!_u._wa..-g iridu, bduok

Carrosion {oappoc strig) . .............. or atcip alall pe w INduseci® nor & groy ot bino
Sﬂtlm- ar dinolorstion

® Rquivalant apneifls gravity, 28720 C = 0066 to DANL.  Es S04g of dicputs, sepocimontal valung for
15,56415.58 O aboll he controting.
* Toninlive

Refined Solvent Naphtha, D 538

Propectles.  Refined aplvent naphtha shall conform to the follawing requirementa:  *
ncifie gravity, 155679538 O........ 065D te 0LOJO
aOﬂE--.E »Q.E - eeceisys .- wot davker then a aolution of 5.0030 g of KeCraOy in | Hter of
watse
Distilizbion range at 760 mun. presaurs:
Prcoantage recovered ut 14 C._ .. ... not: mom than $
FPuzocutags yeooversd at 145 G..... .. not lose thas P8
od poiot (dry point).......... ... .. vwi above 1550
Acid weshoddor. ... ................. «not dovkac thon Moo V0 color stundavd
PTTT [ , . 1o free acld; that fs, no evidence of acidity

he..—.-_..esasz...w.-... . [ron of HaN st 80,
Crada Light Solvent Naghtha, D 8%

Propert{ea, Crude light 3otvent naphths shall conform ta the Fallowing requirementaz
m-_onnmo eavity, (5.56/15.36C...... ... 0,E&D to BNRS

Color,.... ..o ..ot oo .- light embay
Digtiltstion ruage ot 760 om. pressore:

Perosntage recovered st 130C. ... .. ok wote then §

Purorstego yvasovornd at 160 C.... . .. wob jsos thos 90

End poind {(dry paint}. .. ............ ot above 180 0 .
Aoy, oo en e no froe apid; that iy, 2o svidones of suidity
Crude Heavy Solvent Naphtha, Iv 840

Propertien. Crude heavy solvent naphtha shall contorm to tha {ollowing roguiraments:

" Spumoibe geavity, [5.56/15.96C... . ... 0.685 to 0.97D

Color....... between light ainber and derk pred

Dintillotion ul.bw. . aeus 53. u-i-._ui
Parcentage Teoavered at 15U C._. ... oot more than §
Perasnisge recovered al 165 C... ... not boay than §

Perocntago recovgred at 2000, . ... - not lesa thnn 9
Bnd point (dey polat)........... .. notabove 1200
Addy....c..o...eeeieoii .. -, ao feoe poid; khat I no cvidenac of poidity
Nitration-grade Teloene, D' 842 .
Broperiies. Witration-grade tolwens shil? conform to the [ollowing requivernenta:
Bpeoili TAMERTYIN | O 6.8690 ta D.AYS0
Qﬂ_ﬁwn.ﬁ,_ Ciemserreriiaceai . eeaa.. Mok derkor thon s solution of P.OO30 g of KCriOr in |
Fitcr of water
Total distilution range st 240 mm. preasuva,
Joronyonssampls. . ............ ....,. pod !eﬂi thon | ©, inoluding the tomporat of 110.6
+0.1C
Poraliom, .o cvca ai e teaaeemaa nat wore than £.5 pae oont. by volams
Acld washpalor. .. ... .ol not darker than No. 2 culor standmrd
AcBY. . coocvv e B0 frew asid; that ix, no evidonoe of mcidity
Bullur compounds. .. .........canut,enn,, feon of IS and SO
Coppwr sarrosion. weesere. CODREr strip aholl ool show irideacenno oar 2 peomy or
bhuck dspunit or discolorntion
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Industrial-grade Tofusne, D 528
Propesier. Yudustrishavads toluewe shall conform to the following requirements;

Specifie pravity, 1556/88.56C............. 0.864 to 0,874
Colorf.oy.u.... e e tieeerieanaes oot darler than 2 solut}
Fapic ss!nﬂ a wilution of 00N n. of RalraOr ju |

u..ﬁ.ﬁ distilimtion ._m_..- at 760 mm._ presanre,
or &ny opd samels......... ...... ... ‘ot mose thea 2 O, inclodiax th
»un_wi.z_e .a.hiﬂnﬁu...e_ﬁibﬁuzas;a.s..n
.................................. ab free seid; thnt In, no evf i
UL et of WO and Sy "° evidenss of pcidity

Covper vorvesion. ... .. . ... coppor ateip aball uot show iridn
deposit or distalaretion B..SIJ. oy o blaek
Nitratien-grade Xyiens, D 5¢3
Proparkiss. Nitretion-grade xylene shall conform to the folfowing requiromenty:
Specifie gravity, 15.36/1938C._, . ... . 0.8630 ¢ 0.870%
Colo0 s s cenaani et ey, Ceentaan zat derker theo w solution of 0.0030 g of KCre; i 1

bﬁ:.__p—n-aaﬁ racigs at 768 mum. pregeure: lidar of water

; tillabing pange for sy ane axmpls not moee than 3C, i i penat:

Initis] distilistion tempcratuce (flrat drop), mot below _u“.um,.sas. e the ureet 139030
End poing (dky point)... ..., cemrsean. Dot phove 1405 C

PamBos.. ... . .............. .07 not more theu 4.1 per aent by voly
»M“ ?ﬂl-r eador.... ... _........, - oot ___.“_al-i&wrnrs_ No. aue—a-.rnv.-nﬂsw-ﬂu
............ i eN i Liamer i teai... T : i
Sultur compounds, .. ..................... {ras &u-._hw ..p“anmnwo-. o ovidemss of ecidity
Copper oarrasion., ... .........._. .77 wapper alrip wkinll not show iridesotnpe aor & gray or bigol:

depoait or dincolomtion

Industrial-grade Xylene, D 844
Properiles. Indusirisl-grade vylene shall conform to the following reguirernemts:

Specifio grovity, 1558/15.56C. ... .. ... . €850 tv 0870

Calor.... oo wot darkor than 2 solution of 0.030 g of YeCreOr in 1
fiver of watar
Distillation ranga at 768 mm. Rressure:
Percsatayge vecavered ot 130C.. ... ... .. 2ot more then §
Perventage roraversd n2 145C.. ., ... nat fcas than 50
my!- poiuk (dry point)........o. ..o ..., not ahove 155 C
MMMMPB-—- ealor . ... el j .-_.“—n _—nr-n. No. 10 golor atandard
LIS R LR T T SV - X ' oY ; thati ovidenos of noicdits
“-eﬂ-_""..a-nﬁ!._wan ......... CeMemt e Iroe of S nnd .wmu-. e mon o weidits
COMAsO. ..o, vopper strip ahall notahaw iddes
Rl u?ﬁ oﬂsa!..qvﬂau.anz!_r
Five <jumd Xytens, D BAS

Properhina, E_..o.._nﬁan xylene shall confarm o the following reguirements:

Bpeifle gravity, 15561596 C. ... ..., . 0.840 to 0,820
Calor....o e vot dnrkor than o malution of 8.0038 g of KOy fn

Hiber of w
EE.F«M.-. h.-_!lcmn nt 760 --.=. presturs: wabor
Tota} ntion range fur 0oy ono sonple ang i
Entlinl distillation feraperatars (lest deort aos miony, 113 35 irctuding tho temgseatice of 135.3

Tod palnt (Acy poini), ... ... . pot mbove 143 ©
bn.t-“_.'rao_on. e ena, -ouhn_a..-lwtiu No. § oolor gtaadurd
mr..._.as...a_..ﬁ.”........n_.“__..._u_“n._ Free o T8 sk By - Honas o asidity

OPPOr SOOTORM. . - .. e e coppor wtrlp shell uot show iridesosoos mor & gy or bias

deposit or Jiscoloration

Ten~-degrea Xylana, D 648
Proporties. Ten-degres xylene shall conform to the lolloning requivomenta:
6 e 15.96/18.38C e ivieennne V860 ko D7D
Mu&-n.nﬁnesu civesmraeiesr ... nOt derker thon & gelotioe of 00030 & of KCralh in 1
litax of waber

Digiifntion vaugh wt 160 oum. pravwe:
Toial dimitiation rengs for ony oas impls. MOt mare thin 18 C
Initinl distilation temneratnre (vt drop). not below 1350
Fnd point (dey paind). ... ... .. _... nnt skove 143 C

Acldwashiealor. . ... .. ....coiiieaa, not dxrler dem Wo. 6 solor atandeed
ACIBEY - ceeeei i iieeiiiiiiiaiei s eaa. . 0 iroe Beid; that s, po evidence of acidity
Bulfur ooenpownd. . .........0c00iioven. ot Iro of HE -ﬂa 80,
Copper coxraslam. . ... ... .oovennininnn. e oopnocatrip ahell nnt ahav? iridessenes nor b gray o bisok
depestt or disenloeatisn )
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Table 11-31. Examples of Applications of Oile for Selective, Poatamergence

Weed Control in Craps
Crop Petrojoum producs Cal per sore
Beets,....oo00- ... Stoddsrd zolvent or aromatia oile 40

| Dicaal {ust (11}
Bioddurd solvent 80
.. | Ateddard soivent 80
. . .| Stoddosd salven? 15

oo .| Eorosine 300
Stoddard solvest and karosios 0
.| Diasel fuel. sromatio oilx 10

| Byoddard sviyent

320°F, AFI gravity of 48 to 50°, and sromstics content of 10 to 17 per cent were
employed. Savings were estimsted to be 40 to 90 per cent of the codt of hand weed-
ing.? Of the herhicidal cils reported by the Californis Departmentsof Agricultaire, L2
frve samples had an unmlfonated residue of less than 20 per cent, 16 between 20 and
39 per cent, 34 hetween 40 and 60 per cens, and 11 over 60 pex eent;

FUNGICIDES "

Although petroleum oils have long been used ag borticultural insegticides, it ia nnly
ragently that their value ag » fungicide has been realized. In experimenting with the
uae of oil s o carrier for fungicides in low-volume (1 to 2 gal pec acve) migt apraying,
Guyot end Cuilles"® disoovered that oil by iteelf tontrolied the Sigatcka disasse of

bansns plants. The fungue (Mycosphasrella muscicale Leach) respopsible for thia
digeans attacks the lesves of the plant, Boerdesux mixture has been used to control
Eigstoka but is being replaced by il misting, sinea the latter is buth cheaper and more
effective. The Btandard Oil Co. (New Jerzay) has been active in devaloping superior
bansns spray oiis and in spresding the uae of thin techvique throughout $ha bansna.
growing sremy. The ofl i3 applied in the form of 2 fine st (50 to 100 microns)
approsimately 1 gal pec acre every 2 or 3 weeks.  Frequent application ie pecessary in
order to protect the nsw leavea whith develop thronghout the growing peviod of the
banans plant. Both light, portabla mist sprayers and sircratt are used to spply theoil.

Tobacco Desuckering. In 1949, D. B, Andersom of Norsh Carcline Steis College
digcovered that white mineral ofl which he was using as & oarrier for growth regulators
sontrollad suckeve on tobacco better than thoss with the chemicals, It wes founpd®®

ihat emulsifiad white mineral oil war g effective and considerably more resistant
againat aoft rot. Heavier (i.e., higher viscosity) oils were found to be mare sucoams-
ful.9 The oil is applied a» o approximately 50 per cent emulsion to the top of
the gtam a6 the time the plant is topped, About 2 or 3 mils axe used. Devices are
azed which top the plact and apply the proper quantity of oil. The oil prevents the
growth of suckers which normally grow in the axils of leaves helow the portion topped.
Maleie hydraside was usad to a considerable exient in 1957, but there are indications
that this is not 30 satisfastory as oil, and it is probable that use of oil will inererse.

SOLVENTS FOR AGRICULTURAL PESTICIDES

Prior to World War II, agricultural applieations of pestieides consisted of dusting
and spraying solutions or suspengions. The products used weze chiefly inprzanics,

MIECEL

zach a3 areenicals, copper, and au
noane, aad nicotine; pnd orchard
residue vil was the sotive inRecti
enltural pesticide field. The tre;
spplicstion by spraying has em!
atherwise, in thiy field of pesticic

Emulsion congentratas conmst
together with am omuleifer. A
contain the highest posaible sonet
Ber is important. It should be s
may be astisfactory for two tox
toxicant produces bhetter emuisio
of the smulsion.

Obviously, the most itmportan
ig ita ability to dissolve & suffic
must also retain the solute st ter
varies with the pegticide employ
all petrolrum solvents. On the
Some products are manufacture
stability ia unimportant. Other
e carried over the winter and =

Bafety. The solvent must b
fastors, and each in velative o
If tho product iz nged in a hou
the other hand, if the produet j
patathion, any alight toxicivy oi

The producs should prasent o
househoid sprays o« arrosals, th
This is likewige true of sirplac
hazard, On ihe other hand, i
water, fire hasard whila sprayi
be uzed. Of oourse, there wot

The product theuld not injw
ohief disadvanisges of the use .
the fact thai, #f they are not p
plant may result,  All aromatic
concemtrations, Applied dires
23 herpiciden, sotoally killing «

There i mueh we dn not koo
least two factore affect the phy
the bojling range of the aromati

probably owing to the langth ¢
Other Charatderistics, Cale
bousehold produsts. Howeva
formulations. Btrong odors ar
of eropz. Calar is of no conse
Low gpacific gravity is deairabl
tant. If produets are sold on -
the oost, A 25 per cent DDT
in a heavier salvent, 2.1 b may
" gravity solvents proaduce emul
tend to cream ta the hottom, &
Some government gpecifioat
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KEROBINE; ¥V-E-211c, MARCH 24, 1852, INCLUDING AMENDMENT 1,
«cise sny demirad options nffersd heceim. SEPTEMEER 18, 1966
1, Classification

3, of the issues in affeat ca date of invitation E 3.1, Grade. KEeroaino covered by this specificstion shall be of but one grade.

’ is apecification by the
shages mada under thia ap . Agplicable Specifcations aad Dibes Pablicetisas

2.1. Spesification. The following Federal 8pecification, of the isguc in affest on date of
invitation for bida. forma » part of this specifention:

VV-L-791—Lukbricants, Liguid Fuels, and Related Producta; Metkods of Bampifag and
Testing

N 3,2, Other Dublication. The following publisstion of the issue in effcot on dage of
" invitation for bids, forms a part of this apecification:

Cede of Foderal Regulations, Title 49, Transportation, Chapter 1, Interstate Commerce
Commission, Pasta 71-78; Explosivez and Other Daugerous Articlee—4dd CFR 71.78.

4.3. Specifications and otber nublicasions applicuble caly to individual departments
are listed in geotion 7. !

| Standard Spscification for Marking Bhip-

aiScations for Inspection of Material.

o the crmtraet o order, sach ahinni‘nn con-
squirements of U, 8, Air Force Spesification
Jontainer, Domentic and Export Shipment,

quirements, Gagolina, Unleaded
Tast Limitn

B 3. Requiremonts

$1. Material. The kerusine shisll be a petraleues fraction, shall be free from watar,

additives, foreign and/or suspendsd matter, and shall be shitable for use sa an Aluminsting

nik.

4 ‘B:.l. Burtiing. The kerosine zhall esnform to the fallowing broraing test sequirementa,

» NI (Bee 4.3) ' -

’ " A2d, I¥me of Srndng. Uniess otherwize tpecified, & min{mum of 16 housa continuous
P burning after the first weighing shall be required (see Table IT, paga 16-84),

3.2.3. Rats of Burning. Alter the ficat welghing, the rats of buraing chall not be geeater
than 23 ml.per bour with the I, P. burner or 46 wl. per hour with the AR, T.M.-37 butter
(eee Table IT),

3.2.3. Appecrance of Chimuoy & Bnd of Tesl. The shimuey shall be clepn o only slightly

apetifies that the unlesded graolise will be used
aber tequirement may bo waived.

sir ASTM Haquivalent, Gasoline, Unleaded

clouded.
Method eq'ﬁ?;r.x'fu & 3.2.4. Condition of Wick ot Bnd of Tem. 'The wick shall have no apprecisble hard
k. Borystatton.
f-  1.2.5. Flome Chovacieristics ol End of Tast. The Bame ahall not b smoky snd shall bs
11?) ;;’ > Seactically aa |agge at the end of the test sa when the fnal ndjusteent of the wick was mads.
D 381 g 33. Fhysical and Chemieal Requirements, The kerasine shall confoem to the physieal
D 347 i #d chomical requitementa shown in Tahbla I.
R
g ﬂﬁ ¥ 4 Sampliag, Inspection, and Test Procedures
D 525 <. 4. Sampling. Bawmpling shail be in accordunes with method £00.1 of Feders) Spacifioa-
D 206 “tian VV.1.791,
pw g 3. Place of Inepection. Unlesa ttherwise specified, inspection sball be made at the
.peint of delivary in sccordapec with method 980.1 of Federsl Bpecifieation VV-L-791.

e

43. Teat. Teats shall be performed in sccordsnoe with the methods deseribed in
k, Federal Gpesification VV-1-791, as shown in ‘Tabls IL.
7 4.3.1. Coler
' 4.3.7.1. The oil to be tested shall be Altered through qualitative Slter paper to ramove
B & motstare or foreign mutter thet may be present. About 100 ml of the flsered ail
. %l be placsd in ¢ash of two chemically alean and dry 4-cunee bottles.
.h:'.a.!.a. The Lottles cofttaining the filiered ofl, loosely stappered with alean new oorks,
! be placed in the conatant tempernture bath maintained st Z12'F, A the end of
hour, the sork stoppers shall be presned down firmly, and the bottles and coatents sllowed
@ remain {o the bath for a total period af time of 16 hours.
. 16-33

she contraet
she vaiume 4
1

K-

srd tamperature of 60°F un apedified in
'y for gelertion of the proper group in




16-34 PETROLEUM PRODUCTEZ HANDBOOE

4.8..3. At tha end of the 18-hout hesting period, the botiles containing the il chal] by
remeoved {rom the hath and allowed to soal §n & dovk place t6 room temperature.

4.9.1.4. Tha colors of the two samples of heaé-trestad ofl shall be determined in aseord.

snos with methad 10,1 of Foderal Specifoation VV«L~781. If the resule differ by mory
than four numbers they shall be sonmidered unsatlslootory snd the tost shall be repestad,
If satisiactory, the mest of the two determinssinas shall be racorded.

2

§. Preparstion for Delivery

5.i. Pnckaging. Unkss otherwise specified, commeraial puckaging is acoepiahle, if in
scoordance with the Interstate Commerus Clommiaaion regulstions for the transportation
of exploaives and other dangercus acticlea.

§.4. Packing. The ruhjoct scommodity shalt be prepared for shipment to permit adosni-
anee by earrier for trausportetion st the Jowesy applinable rate, and 4o afford maximum
protoction fram normal hasards of ixsnsportation. Packing must he ity accordance with
tbe Intarstate Commeres Commission regulations.

5.3. Marking, Tnlesa otherwise specifed, shipping conbainers eholl be marked with
the name of the material and the quantity sentaited therain, the spesificstion numbar, the
name of tie contractor, and the eumber of the contrast or purchasc order,  Marking shall
be in ascordanse with the Intewstate Commersa Commission regulakiona.

6. Notes
6.1, Intended Uae, Kerosine eovered by thia sperifiostion is intended for use as sa
Uluminsting oil in wick-fed lamps, It is also muitable for cooking, heating, end for other

porposes,

Table 1. Dhysical and Chamical Requirements, Kerogine

FIaBR pAint, B MID - ¢ o c o ee e e 115

End DOint, OF MBX, .ttty 571

Bulfur, per coDh mBal. . ...vviiiiiii it 4. IS

Celet, Bayholt chromoonster na AATREr SRR . .oovvviiiiiiiiiiana + 21

Color, Baybold shromaomeder 0o dorker than (niter boating (& br). ........ + 18 [Bag 4.2.0)
Buzming teSE BB, TThe (0 v e rrrrnrnrerenrarr i 1&*

CloUd POIDt, “B .ttt N 5

* When required, & migictim hurping time pxoesding 16 br mey be eposified in the eomtiract or order.

Table I, Methode of Test, Xerogine

Mcthod ASTHM
T no, squivalent
Burniag qudbity . . oo cviii i 2(0, 6% D 187
Flash potft . « o vvverrnneennnns 4. no.l D5b
Bod PoBteresnrreererrsninserses 100, 1 B a
2T 528.1 D"
.......................... 16.1 D 3¢
Culor (after heating 16 hey. .. ... .. Sos 4.3.]
Clond DOABE. . = e rueenrenernes 201 | D92

FUEL QIL, DIE

1. Claagification
11, Oradez. Tha dissel el
arades (oee 6.1 angd 8.2):
Grade DF-A~Arctic grade
Grade DF-L~Wintet grads
Grade DF-3—Regulat
Geads DF-4—Reaavy

3. Applicable SpeniScations att

2.3, The folloviox epecificati
tion for bids, form s pert of thi

Foderal Spacificationa;
VV-1.791—Lubricsuntas, Li
Bawpling, and Teeidbg.
FPP.D.720—-Deums; Met

Military Specification:
MIL-C-124—~Cantainers (1
Items).

Milizary Standerd:
. MIL-8TD-125 BUL 8 14

243, Other Publicaticns. 1
TUnless otherwise indlasted, the

Iniarstais Commurcs Commsl
40 CFR 71-78—Intergia
Transportation of Bxp

American Secloty far Tosim
ASTM Magual on Meast
ASTM Manual of Engin

3. Requiremondts

3.1. Physicel and Chemics
and chemical requirements ;7
3.1.1. Ignidien QualGy [eoh
Table I may be obtained by
improver sompounds (see 8.
carbon residue should be zot
3.8, Btainmant of Analysi
contractey ahall provide a §
requirad in Table T and » st

4. Bampling, uppection, az

.A4.1. Sampling, Bamples
Manug] on Mossurement ¢
aumber and dispesiticn of t.

4.3. Whin required by m
pliance with the requiremen

4.8, Tcsts. All teets shs!

4.3.1. Additionsl Teats.
be necessary to establizh th




