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Gum Problem in Motor Fuels

Rate of Distillation Reflected in Amount Present. Pre-
ponderance of Constituents Found in Certain Fractions

By H. P. Rue and Ralph !. Espach

Petroleam Chemisl, aad Assoclate Petrolonm Eagineer, Petrolcum Experiment Station, Bureaw of Mincg, Bartiesville, Okla*

Gums awd gum-forming compounds, if
they oceur in motor fuel, give vise to
mauy refining and utilization problems.
Deposits In storage taunks, piping, car
buretors, ete., may occur; molor valve
stemn, especially if the valves leak
alightly, may become conted with a sticky
gum whicn impeden their action, and. gas-
oline pump bow.s may become discoloped,

Refiners have had trouble with gums
and gum-forming compounds for many
years, especially since “eracked"” gaso-
line has een placed on the market
Yupor-phase cracked prodocis seem to
have 8 greater tendency to form gums
than those cracked by the liguid-phase
eracking process. The percentage of un
saturated hydrocarbons is usually greater
Ia the products from vapor-phase crack
ing at higher temperatures than in gaso
lines produced by liguid-phase cracking
processes,

Considerable work has been done by
different investigators on gum and gum-
forming compouids, but up to the pres
ent time it has not been definitely proved
just what compounds cause the formation
of guma, although it is generally assumed
by refiners that the diolefines are the
parent substances from which most of
the gums in gasoline are formed. 1t seems
probable that therc are several different
kinds of “gum,” each of which s formed
In a different manner or from different
compounds

Types of Gum

Une type of gum, that which develops
when gasoline is evaporated or stored in
the presence of air has been studied by
Bmith and Cooke' who came to the con-
uldehydes formed by the oxidation of
olefinea or diolefines. Apparently this is
not o with all products as the suthors
of this paper have tested severn] samples
of gnsolines that contained gums and
other samples that formed gums, and
were unable to detect aldehydes, Prooks®
atales that the first step in the formation
of gum in cracked gasolines is the forma-
tion of orgaule peroxides and that the
gum is merely the end produet of poly-
merizged peroxides.

In regard to the gums formed by oxida-
tion Bmith and Cooke® state:

“The amount of unssturated hydrocar-
bons present in a sample of gasoline is

sPublished by permission of the director
United States Bureau of Mises (not subject
to capyright)
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\  fractions of »
It is thus possible to separate t

accordingly.

FACTORS IN GUM FORMATION

There are two or more kinds of gum in gasolines and apparently
one kind can form without affecting the unsaturation of the gasoline |
(as determined with sulphuric acid). |

The rate of distillation or fractivnation has an effect
amount of gums formed in the gasoline and it is believed that
polymerization takes plase during a slow distillation. so that the |
| polymerized products may be separated by virtue of their boiling l

A preponderanie of gum-forming constituents occurs in certain
asoline and it is Eoulhle to segregate these fractions. |
e

line and treat each fraction as needed,

As the fractions containing the gum-forming constituents do not
have the same distillation range for all gasolines, no general rule can
be followed in fractionating gasolines, but it is necessar
refiner to make a study of the distillates he is using and

on the

um-forming fractions of a gaso-

for each
ractionate

usunlly estimated by determining the
solubility of the gasoline in coneentrated
swphe e acid,  In order to ascertain if
the amount of gum that could be made
from n sample of gasuline bad any rela-
tion to the ‘unsaturation,’ as so deter-
mineid, n sample was heated for 100 hours
in the presence of water with a current
of nir passing through it. At the end of
this time the sample was decanted from
the separated gum and then distilled in a
current of ‘open’ steam so that any gum
that had formed in the gasoline itself
coulid be recoversl, The distillate from
the steam distillation was again oxidized
I the presence of water for 100 hours,
and this process was repeated onril more
Jmn T per cent of gum had been oh-
tnined.  ‘The ‘unsaturation’ of the orig-
inal gasoline was 18 per cent; the ‘un-
saturntion’ of the gasoline from which T
per cent of gum had been made was 17
per cent. This result indicates that there
can be no guantitative relation between
the so-called ‘unsaturation,” as meascred
by solubility in sulphuric achl, and the
poount of gum that can be made. To
check this point, two samples of gaso-
line were prepared. One sample was a
distillate bhoiling between 140° ., (284°
F.) and 170" (%, (338" F.). This product
wns thoroughiy treated with acid and
alkall, and after being thoroughly washed
it was steam distilled over eaustie potash.
It was an absolutely water-white prod-
uet with an entirely sweet odor, The
‘unsaturation’ was less than 1 per cent.

The wsecond sample was prepared by
stilling erncked gasoline over caustie
potash. This sample had an ‘unsatura-

tion” of 18 per cent. Each of these sam-
ples was oxidized by heating under a re-

flux condenser on a steam bath with n
geutle current of air for 300 hours. The
eracked gasoline which originally had 18
per cent of ‘unsaturation’ developed * 71
per ecent of gum, and the ‘unsatural..n
of the residusl gaxoline was atill 18 per
cent,  The saturated gasoline developed
007 per cent of gum, and in the process
developed an ‘unsaturation’ of 8 per cent

“These figures confirm those reported
above, that there s no direct connection
between ‘unsaturation’ as determined by
silubility in sulphuric acid, and the per-
centage of wun that can be formed from
gasoline. 1t should be noted, however,
that the authors have pot attempted to
mensure the amaunt or kind of “un-
saturnted’ hydrocarbons present In gaso-
line. The sulphuric ncid test is empirienl
and may indieate the presence of many
compounds other than ‘unsaturated’ hy-
drocarbons.”

The tests just gquoted were made under
conditions that would oot occur in the
commercial refining, storage and use of
motor fuel. They indicate, however, that
while thore ix no gquantitative relution
between “unsaturation” and gum forma.
tion, nevertheless, the “saturated” mate

rinl was much more resistant to gum
formation,
Other information, however, obtained

in the Inboratory nnd from the literature
seems (o show that eertain types of gums
nre caused or formed from unsaturated
hydrocarbons. Treatment of eracked
gasolines with acid usually removes the
gum-forming econstituents ; vapor-phase
treatment with fuller's earth polymerizes
these constituents to higher boiling com-
pounds which are removed from the gaso




line vapors by virtue of their high boiling
porints,

The gum determination methods now
in use indicate the amount of gum in the
guscline nt the time the test is made, to-
gether with additionn]l gum that may de-
velop during the test Itself, There is a
great differemee between the gum content
s determined by lnborntory tests and the
amount of gum formed in gusoline on
standing.

Methods of Gum Determination

The two methods commonly ussd at
present  are the copper-dish  and  the
steam-oven methods, both of which are
in geoeral use by refliners (o determiniug
the gum content of gasolines. The cop-
per-lish method is perhaps the most
widely used. Dean' states that the copper-
dish method was devised by . C. Hobin-
won and hir associates of the Atluatic
Refining Co. as one of the tests used for
aviation gesoline, The copper-dish meth-
od an ordinnrily run usually shows more
“gum” than the setual gum content of the
product,  This is especially trae in prod-
uets contalning sulphur or sulphur com-
pounds, because sulpbur and sulphur
vompounds unite roadily with eopper and
form copper sulphides. As the gum con-
tent of the produet is determined by the
inererse in weight of the dish, it is evi-
deut that a lacge part of the increase in
welght may be due to copper sulphide,
Furthermore, there is a chance for oxida-
tion of the heavier fractions of the gaso-
line during evaporantion, which results in
i marked increase in the weight ol gum
im the dish.

In the steam-oven method devised by
Cooke® for making gum determinations a
sample of the gasoline is evaporated 1n a
glass dish in an atmosphere of steam.

The oxidation method developed by
Voorhees and RBisinger® determines the
gum-forming properties of a gusoline by
heating it in contaet with oxygen for n
coertain period. This method will give an
indiention of the smount of gum that
may form in gasoline on standing in
storage. Of the different methods so far
devised for determining gums in gasoline
the glass-dish method as devised by
Cooke” or with slight modifications seems
to be the most reliable. This method

ifwan, B W. Motor Gasoline FProperiles
Laboratary Methods of Testing and Prae-
tieal Specifications, Hureau of Mines Tech-
nienl Paper 314. Page 25

Hooke, M. 1. A Convenlent Msthod for
Determining Qum-Forming Material In Gas-
oline, Hureau of Mines Hsporta of Invis-
tigations, Berinl No. 1008, May, 1935,

*Voorhees, V., and Elsinger., J. O The
Importanve and Significance of Oum in
Gianoline. American Petroleum Institute
Bulletin 1.920-10, No. 2, 168
ooke, M. B. Cited.

gives the amount of preformed gum in
the gasolive at the time of test plus that
which may form in the gasoline while
the test is made. The oxidation method
of Voorbees and Eisinger* s one of the
best methods so far devised to determine
the potential gum content of a gasoline.

The smount o . *m that will form in a
gasoline in sl will depend on the
compounds in the goroline and the length
of time it stunds in storage.  Bunlight
nevelerates the formation of gums and
gasoline exposed ‘o wunlight will develop
more gum than if 1% is stored in Carkness,
Most investigators agree that it is the
preformed gum in a gasoline that esuses
the most trouble when gumming gasolines
are used as motor foels. This belag the
case, gasclines that are held in storage
for a considerable period of time before
use should be se refined that the possi-
bility of formiog excessive amounis of
gum be elimionted.

Use of Inhibitors

Conslderuble interest hais been shown
during the last few months in thy vse of
chemical (nuibitors for the prevention of
the formation of gums it gasoline in
storuge.

Apparently considerable work has been
done by different investigntors along this
line but not much has been published.
The information available, however, indi-
cales that such svtiogidents ax snaph-
thylamine, hydroquinoue, nand phenols
seem (o have the best possibilities along
lne.

The rubiber industry has done a lot of
work on the use of antioxidants and it
is possible that considerable informution
whieh may be obtained from this source
will be of wvalue to the petroleam ine
dustry. i

Any antioxidant to be of economie
vislue t+ the petroleam [ndustry muost be
one that is cheap and powerful so that
it is mecessary to add only n very small
percentage tc the gasoline to accomplish
the desired result. Tests made by the
authors indieate that o general a slow
rate of distillation hae o most benelicial
effecy om color stabitity and on the elim-
inntion of gums from  gasoline, DPoly-
merizgation may aceount for this. In a
slow distillation where the vapors are
condensed  and  revaporized  often,  the
color and gum-forming constituents in
the gasoline may be changed to higher
boiling point products.

Application of this method. can  be
mute in the distillation of gasolines in
the refinery but the question as to what
extent one ean reduce throughput in or-

"Woorhees, V,, and Elsinger. J. O Clted.

der to make a product requiring less
chemical trentment is an economic one
that ench refiner with his own particular
equipment and set-up must work out.

Distribution of Gums

If gum determinations are made on
similar gasolines by el her the copper-
dish or steam-oven method, it is notice-
able that the higher the boiling point of
the prodact the higher the percentage of
gum, especinlly in erncked gasoline, How-
ever, the smount of gum that settles out
when samples of gasoline are allowed 1o
stamd in storuge does not depend on the
boiling range of the product. If & sam-
ple of gasoline is fractionated in 10 per
vent cuts and gam determinations are
made on each cut, the heavier fractions
will show the greatest percentage of gum.
On the other hand, if these same (race
tlons are allowwd (o stand exposed to
sunlight, some of the lighter fractions
muny show the greatest percentages of
gum and no gum may be formed or set-
ted out of some of the heavive fractions.
In addition. the fractions in which the
gums form and settle out on standiog do
not have the suome place in (he distilla-
tion range for all gasolines,

Treated gasolines often show a groater
percentage of gums than untreated gaso-
1 ; ewpecially If the gasoline hing been
treated necording to the doctor method of
wwoetening aud an excess of sulphur has
been ndded at the time of treating.

Cracked  goasolines  that  have been
treated with hypochlorite often show a
greater percentage of gum than uutreated
gnsoline unless the strength of the hypo-
chlorite has  been  earefully controlled.
Gubolines may be treated in the liguid
phase with absorptive muterials such as
fuller’s earth and silicn-gel. and the color
will uspally be improved, but this treat-
ment apparently often staris g polymerie-
ing reaction, and after standing the per-
eentage of gum may inerease. In gaso-
lines made (rom aeid-treated pressure dis-
tillates gums quite often settle out and
the color becomnes unstable. This may be
nttributed o esters formed ss o resuit
of the acid treatment and dissolved in
the gosoline, It hus been obwerved by
the guthors that the formation of gums
nmd color fostability can be appreciably
reduced if, when rerunving acld-treated
pressure distillate, the gasoline vapors as
they como from the still sre washed with
water. Probubly the esters are dissolved
by the water sud thus removed from the
gasoline. The use of water produces re-
wults in this respect as beneficial as a
steam distillation. The use of a eaustic
wash nlso reduces the formation of gums.

Reprinted from The 0l and (i ax Jourral, Tulva, O kin., issue af March 6, 1930
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