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INTRODUCTION

(a) Authorization

bl This problem was authorized by Bureau of Aeronautics' letter,
reference (&), and other data pertinent to this problem are contained in
reference (b).

Reference: (a) Bukero let. her-E-L6-KM F38-L F21(R790) of
27 July 1936.
(b) Navy Yard, New York, Test No. 3676 of
20 oct. 1936.

(b) Statement of Problem

2. During the overhaul of engines from airplanes attached to the
Naval Air Station, Pensacola, gummy deposits have been found in the carburetor
induction systems. The problem considered in this report is to determine the
cause and, if possible, suggest methods for the preveution of this deposit.

(¢) Known Facts Bearing on Problem

3. Two grades of gasoline are in use at Pensacola:
(a) A leaded gasoline of about 87 octane rating.
(b) Non-leaded gasoline of 73 octane rating.

L separate storage and delivery system is used for each. The 73 octane gaso-
1ine delivered by the present contractor beginning 1k April 1936, contained a
small percentage of di-isobutylene and tri-isobutylene. Other naval establish-
ments have been supplied by the same vendor but no trouble, or very little
trouble, has been reported from these other stations. The major difficulty

at Pensacola has been with engines using the 73 octane grade. The trouble

is noticed during the routine overhaul of engines. A guumy deposit was found
in all parts of the carburetor induction system between the butterfly valves

to the intake valves with a maximum deposit occurring in the intake valves,
valve stems and intake parts.

L. Gasoline is stored at Pensacola in:

(a) The main storage tank of the contractor who
supplies the station.

(b) The station storage tanks.

(c) The hose used to deliver the gasoline to the
various planes.

5 The gasoline filling hose used in servicing the engines in which
trouble was experienced are constructed as follows: An outer cover of ordinary
vulcanized rubber is separated by a binder of 3 ply cotton cord from a liner
composed of a chlorinated polymerized hydrocarbon, probably duprene (new knovm
as neoprene); the liner contains about 3 to 3-1/2 percent sulphur. This
sulphur is extracted by gasoline in contact with the liner as a result of
which the sulphur content of the liner may decrease by as much as 1 percent
in service.




(d) Theoretical Considerations

6. Avisztion gasoline, whether of the 87 or 73 octane grade, is
carefully tested for conformity to the gum specifications by the contractor
before it is shipped to the Naval Air Station, Pensacola, and a sample is
taken at the station for control. The specirication limlt for gum is 10
milligrams of gum per 100 c.c. of gasoline. Any increase in the gum content
of the gasoline may be due to: (a) reaction occurring with the gasoline
itself in storage, (b) absorption of heavy hydrocarbon from deposits in the
storage tenks and lines, or (c) absorption from the hose used to tuel the
plane. The presence of an excessive amount of gum in the gasoline results in
a gradual accumulation of sticky deposits in the carburetor induction system.
Evaporation of this material which would teke place wvhen the engine becomes
heated would lead to the formation of heavy tars and similar products.

(e) Narrative of Original Work Done at this Laboratory

T This Laboratory has previously worked on problems which have a
bearing on the present one. This work has been reported in Report No. p-1224
on WThe Storage of Aviation Gasoline in Metal Containers®, and in Report lo.
P-1280 on "Study of the Effect on Gasoline Stored in Duprene-lined Hose. At
the present time this Laboratory is working on the problem of the composition
of gasoline and its stability in storage. In the present work samples of both
73 and 87 octane gasoline were obtained irom the suveral storage points

at Fensacola by =2 representative of the contractor and brought to the Labora-
tory for study. Analyses for gum content were run on all thesc samples to
detormine where gun formation oceurred in the storags systems and supply lincs
of the contractor and of the Air Station. Typical examples of gum coated in-
let valves and parts of the intake manifold werec supplied by the Air Station
and the deposits thereon wWere analyzed. Lastly, an investigation of the
gasoline hose used in fueling the planes was made to determine if this was

in any wey responsible.

METHODS

8. The gum content of the gasoline was determined by evaporation
of a 100 c.c. sample of the gasoline on a steam bath followed by drying in an
the dry-

oven at 110° ¢ for one hour. If the weight was above 10 milligrams,

ing was continued for a second hour and until the weight became constant.

This method diffcrs somewhat from the official methods of the 4.5.T.M. and
omewhat higher than the of ficial method. The analysis

probably gives values s
of the deposits included determination of oily matter, asphaltic material, and

highly polymerised material. In studying the effect of the gasoline hose,
gasoline was stored in the hose for varying periods and then analyzed for its
gum content. Details of all these analyses and the methods employed are given

in Appendix A.

CONCLUSIONS AND RECOMMENDATTIONS

(a) Facts Established

9. The quantity of pre-lormed gum in the 73 octane gasoline from
the Marine Terminal storage tanks of the contractor was rather high, although
it was less than the Government specification 1imit. Since the gum content




of this gasoline was higher than it was when it left the refinery, it must
have picked up some contamination aftcr leaving the refinery. The gum
content of the 87 octane gasoline in the contractor's storage tenks was
quite low.

10. The gummy residue found in the plane's induction system was
found by analysis to contain 25 to 63% of insoluble material. The gummy
residue was found to contain lead, sulphur, and e trace of halogens. The
sulphur content is approximately the samc as reported in the literature for
ordinary gum from gasoline. Gasoline which has remained in contact with the
rubber filling hose for any length of time was found to have a merkedly
increased gum content with both the straight run 73 octanc stock and the iso-
butylenc blended fuel; this increase is probably duc to the extraction of
heavy hydrocarbons from the synthetic rubber liner and not to polymerization
reactions within the gasoline. The complete hose 1s soluble in gasoline to
the extent of 2.1 - 2.7 percent, while the liner alone is soluble to about 5.1
percent (ref. (b)). Irrespective of the type of gasoline, prolonged contact
with the filling hosc dangerously increased the gum content.

(b) Opinions

11. Reports from the Naval Air Station, Pensacola, agrec that the
chief trouble was experienced with the planes using 73 octanc gasoline. It is
believed that the data accumulated for this grade of gasoline are of more
significance.

324 It is understood that the 73 octane gasoline shipped from the
vendor!'s refinery has a gum content of less than onc milligram per c.c. Yeb
in the contractor's Terminal Marine tanks many times that quantity was found.
Further, the gum content increases on transfer to and passage through the
storage and supply lincs of the Air Station. This is shown in the data of
Table 5, and is particularly evident for Squadrons One and Four wher:z thc gum
increase is as follows:

B b gl G ms s s G e S e Ak

A
Vendor's Navy Navyﬁ\N“7 Delivery_z// Plane
Tank Storage Tank Supply Lines Hose Tank

Considering these facts, and berring in mind that no troublc has been expor-
icnced at other Naval stations (%) or by commercial planes using the same
type of equipment and gasolinc as is used at Pensacola, it is evident

(s) Note: Ref.(a) , paragra phs 3 and ;). Some difficulty with residues

in the blower chambers of certain engines was experienced at the Pearl
Harbor Basc. These deposits resembled, superficially, those from the
induction systems of the afiected engines at Pensacola. However, it is
believed that the troublc at Pearl Harbor arosc from causcs other than
those encountered at the former station. In the first place, the
deposits are not the same chemically. Sccondly, the aficcted engines
were of different types and were supplicd with fuel originating from

di fferent sources. uwhile no information is available concerning the con-—
dition of the storage facilities at Pearl larbor, it is known that the
gasoline stocks therc came from West Coast rather than Texas refineries,
and were probably free of iso-butylenc polymers. In light of thesc facts,
it is impossiblc to corrclate the troublc at Pearl Harbor with that at
Pensacola as to causative factors.

A A

v N ST 5 T ) TS T ST 0 i e MR N T




that some peculiar condition conducive to gum formation is prisent in the
pensacola storage system. That condition may very will be simply dirty equip-
nent. Gasoline storage tanks and pipe lines tend to sccunmulate a residuum

2s storage is continued from year to yeer, cach fresh lot of gasoline con-
tributing to the deposit, In this residuum occur & varicty of substances,
among which are partielly oxygenated hydrocerbons, probably pcroxides. Those
peroxides are generally considercd to catalyze gum formation so thet gasolines,
otherwisc stable, when standing in contact with such substanccs rapidly show
a marked increase in gum content. That a dirty storage systcm is responsible
for the gum formation seems to be confimed by the data on the gum content of
the gasoline samples from the two automobile rilling stations at Corry Field.
The tanks and lines of thesc stations have probebly recsived luss care than
any other part of the storagc and supply system and hence are proportionally
dirtier. Gasoline from these has a gum content of upwards of 15 mg/100 c.c.

13. Although unclean storage is believed to be the primery causc of
gum formation and the resulting troubles, it is not believed to be the solc
factors. The gasoline hose cmployed in transferring the Juel undoubtedly con-
tributes something to the "apparent" gum through absorption of heavy hydro-
carbons. It has becn obscrved in this Laboratory that the hose does exhibit
& decided solubility in gasoline. The amount extracted in the course of 24
hours may increase the gum contont as much as 3k milligrams. It must be
borne in mind, however, that this cxcessively high figure will not repres.nt
the gum content of the gesoline after delivery to the plane. Fuel is usually
stored aboard plancs in 50 or 100 gsllon tanks. If all the gasolinc conteined
in a 50-foot length of hose (approximately 5 gallons) is emptied into a plane
tank, it will be diluted subscquently with L5 to 95 gallons of fresh gasolinc
which has not remained in contact with the hose long enough to absorb any
appreciable amount of heavy matter. This represents 2 dilution factor of
1:9 to 1:19. The final concentration of gum deriv:d from the hosc in the
tank will be from 2 to 5 mg/100 c.c.

1h. The illustration cited is @n exaggerated condition probably
never achieved in actual refucling operations. If gasolinc which has stood
any length of time in the hose is discarded just prior to replenishing the
plane tanks, the hosc contributcs, at the most, not more than 0.5 milligram
of gum per 100 c.c. Nonc thec less, this "apparent" gum mey have somc cffect,
however slight, on the formation of deposits in the engincs.

154 The soluble mat.rial from the hose has been shown by Laboratory
tests to have no accelcreting or catelytic action toward furth.r gum forma-
tion. Morcover, the small amount of sulphur vhich is extracted from the hose

as little bearing on the formation of dcposits on the valves end valve pipes.
Analysis of these deposits siows no increase of sulohur content over that
generally found in such caszs.

16. Wwhile the obscrved material from the hose was round to have no
catalytic influence on thc stability of gasoline contzining 1 to 2 perceut
di- and tri-isobutylenes, the oxidized hydrocarbons in the storage systen et
Pensacola do scem to have that effect. lo trouble was cxpericnccd until the
iso-butylene blended gasoline commenced to be used. IT would bc advantagcous
to omit these unsaturates from all gasolines furnishcd the Navy in the future.
Even when the storage system is periodically cleancd, cnough catal ytic
matter may accumulate botween times to accelerate the polymerizetion of these
seemingly unstable hydrocarbons.




17. The above opinions may be summarized bricfly as follows:

The storagec tanks of both th. vendor and the Navy and the sor-
vicing hoscs in use at the Naval Air Stetion are fruitful sources of contaminz-
tion. Gasoline with two or less milligrams of gum may dissolve oxidized hydro-
carbons or "gum" and as a result of this dissolved materizl the gum formation
of an otherwise stable gasolins is accelerated. This may have happencd at
Pensacola in the vendort!s tanks cs well as the Navy's if the tanks have not
been carefully cleazned. Gasolinc which has stood for any length of time in
the filling hosc should be discarded , otherwise the %apparent" gum content
of the gesoline in the airplanc tanks will increase and possibly ceuse further
trouble in operation.

(¢c) Recommendations

18. The following recommendations are made:

(a) Unsaturated hydrocarbons such @s di- and tri-isobutylenc
should be omitted in blending the 73 octane stock.

{b) The gum contcnt of the aviation gasoline should bc kept
rigorously low by the manufacturer.

(¢) The storage and delivery equipment of the Naval Air
Station should be thoroughly cleaned and renovated.
Effort should be made to obtain hose having a minimum
gasoline solubility.

(d) Gasoline which has stood in the servicing hosc must
not be allowed to pass to the plane tanks.

(e) A study should be madc of the gum content as determined
by the A.3.T.M. method D-381-3L4T in reference to intake
nanifold deposition under operating conditions.

SUMHARY

19. Contamination of gasoline can occur readily in dirty storage
tanks and this contamination may accelerate gum formation or engine trouble
with an otherwise stable gasoline.

20. The tanks of the vendor and the Navy should bc periodically
cleaned.

245 Gasoline hose ecan be a2 source of "apparent" gum in gasoline
and may a2id in formetion of engine deposits.

22 . The contents of the gasoline hose should be discarded if it
has been in contact with the hosc for any appreciable time.




APFENDIX 4

ANALYTICAL METHODS

MATERIALS

(1) History and Nature of the Problem

A deteiled review of the naturc and history of the trouble in connection
with the fouling of engines at the Pensacola Air Station is given in Appendix
B, a rcport filed by Mr. R. C. Rich of the Shell Petroleum Corporation from
the Houston Refinery Laboratory of that company.

(2) Description of Materials

(a) Gesoline Semples from Pensacolas Samples were taken of the two
types of gasoline used at the Navzl Air Station by Mr. Rich on
August 27 and 28, Thec points at which they were obtained along
the delivery system from the main storage tanks to the planes arc
listed in Tablc V. The samples arrived in metzal cans of quart to
gallon capacity, labeled in duplicate, and in good condition. Gum
tests were run immediately on receipt of the specimens.

(b) Deposits. Several samplcs of matcrial from the valve stems and
induction pipes of typical engines were obtained from Pensacola.
The mat-rial from the pipcs was gencrally more tacky and gummy
than that from the valvies. Three specimens from the valve stems,
one fresh and rather damp and two which had becn air-dried for a
number of days, were available. One of the latter was brought
personally by Mr. Rich. The deposits werc solids, dark in color
varying from brown to black, sticky though rather friablc in
texture, rather homogencocus in appearance, and possessing the
charecteristic odor of cracked hydrocarbons.

{c) Hose. Several samples of hosc were available; the source znd
history of them is given in Table III, 411 were blackrubber with
the exception of the hosc from the Gates Rubber Company. The hoses
measured 11/16" I.D. and 1-5/16" 0.D. They consist of a cover of
ordinery vulcanizcd rubber seperated by a braided 3-ply cotton
reinforcement . from the tube. The latter appear to be a Duprene
composition.

(@) ‘73 Octenc Gasoline for Tcst Purposcs. Five gallons of this gasoline
were obtained about 1 September from the Naval Air Station, Anacos-
tia, and stored in a tinned container until useds Later, about
15 September, two gallons additional were obtained end stored in a
glass bottle.

METHODS

(1) Halogens and Sulphur

Analysis for thesec zlements was done by the well known Parr bomb
method. The results are given in Tables ITa and III.




(2) Sulfated Ash and Lead.

i 0.2 gram sample was decomposecd by fuming down with H250L - HNO3 in
a tared 250 c.c. beaker. When oxidation was couplete, as evidenced by
the disappearance of charred orgenic matter, the beaker was washed dovm
with a little water, and 3 c.c. of H2SOL added. After cautious evaporation
of the acid, thc beaker was flamed to remove all traces of volatile material
and weighed. The rosidue so obtaincd is reported as "sulfated ash". This
residue was carcefully transferrcd to a weighed Gooch crucible with the aid
of 2 small amount of watcr containing a few drops of ethyl alcohol, dried
at 100°C for one hour and the weight taken as lead sulfate (Tablc IIb).

(3) Extraction of Deposits.

The percentage of oily matter in the deposits was found by continuously
extracting with naphtha 2 thre: or four gram sample in a weilghed alundum
thimble, drying at 100° C, weighing, and continued extraction until no
furthcr loss was noted. In like fazshion, by extraction with chloroform
the quantity of asphaltic meterial was found. The residuc consisting of
carbonaceous ‘matter and high molccular weight polymors was enelyzed only for
sulphur, since the halogen content of the original matcrial was low.

(L) Effect of Extractablc Haterial from Hose on Gum Content.

An experiment was undertaken to discover the influence of extractable
materiz]l from the hose on the gum content of straight run 73 octanc stock
and on iso-butylene blend preparcd ot the Laboratory which approximated thet
in usc 2t the Punsacola Air Station. Three 1000 c.c. portions of 73 octanc
gasoline which was obtained from the Naval Alr Station, hAnacostia, about
1 September, were placed in liter Erlenmeyer flasks equipped with cork
stoppers. To the gesoline in flasks 2 and 3 1% each of di- and tri-isobutyl-
. cne was added. Gum tests were then run on the contunts of each vessel.
In flask 3 a section of hose was immersed, the three containers placed 1in a
dark locker, allowed to remain 72 hours, the hose removed, and gum deter-
minotions made immediately on cach sample. Thereafter, at periods of
approximately L8 hours, the gum determinations wore repeated. LA similar ]
procedure was carried out with gasoline of the sane origin obtaincd Scptember
15, save that no iscbutylenc was added.

DATA OBTAINED




TABLE I

EXTRACTION OF DEPOSITS

Valve Stem

damp
Original Sanple,
Grams Weight 3.6068
Extraction with Precipitation
Nephtha (Removal of Oily Matter)
Hours 50
Weight extracted 0.6L6L
% Removed : 3Tk
Extraction with Chloroform
(Removal of Asphaltic Material)
Hours 6hL
Weight extracted 0.696k
% Reno Ved 19 . 3
Residue from Extractions
(Insoluble Polymeric Substances)
Weight of 0il and
Asphaltenes extracted 1.3028
Weight Residue 2.2610
% Residue 62.9

Intake Pipe

1143003

1.8570
k2.3

60
3.2281
28.6

3.0851
1.1152

25<8




TABLE IT

ANALYSIS OF DEPOSITS

La) Original Sample Residue Left
Before Extraction After Extraction
Halogens Sulphur Halogens Sulphur
% i % %
Valve Stems

Damp 0.033 1.60 trace 1.47

Dry 0.0l 2.90 u -

Dry, brought from :

Pensacola by Mr. Rich 0,150 197 ~ -
Intake Pipe 0.050 1.50 trace 1.85
(b)

Sulfated Ash and Lead <
Weight Vieight Ash Veight %
Sample Ash % PbsO}; Pb
Valve Stems 50

Pensacola, damp 0.2295 0.0116 3.45

Dry, brought from

Pensacola by Mr. Rich 0.2366 0.0055 1.59

0.2188 0,0105 L.8 0.0051 1.56
Intake Pipe 0.2057 0.012hk 6:03 0.0118 3.92
TABLE III
AN/ YSIS OF HOSES
Z Sulphur % Halogens

Hose No. 1 i

Inside 2.26 14.39

Inside, next to cloth 2.84L 15.96

Outside 1.35 0.33
Hose No. 2

Inside ( 3.49 14.86

Outside 1.30 trace
Hose No. 3

Inside 3.60 1L.55

Qutside 1.6 trace
Hose No. L

Inside 3.12 16.07

OQutside 1.68 trace
Hose No. 5

Inside 2.63 10.91

Qutside 1.86 trace




Hose No. 1, U. S. Rubber Products, used from Naval Air Station, Anacostia.

Hosc No. 2, U. S. Rubber Products, unused, irom first delivery to
Pensacola sbout December 1935,

Hose No. 3, U. S. Rubber Products, unused, from sccond delivery to
Pensacola about July 1936.

Hose No. L, Same as lot 2, uscd approximately 7 months.

Hose No. 5, Gates Rubber Company, 1-1/L" hose, unuscd, delivered through
Naval Aircraft Factory.

TABLE IV

EFFECT OF EXTRACTABLE MATERILL KFROM HOSE QU GUM CONTENT

Gum = mg./100 c.c.

(2) iis 3 III
i Gasoline® + 23 Gasoline® + 2% Iso-
Holrs Gasolingi Isobutylencs butyvlenes + Hose
0 0.6 1.85 1.85 0.0 corre
W8 (1) 0.l 1.60 - 16.30 1L.7 corr.
72 0.6 2.00 16.6 1L.6 corr.
96 3.3 2.90 17.6 1}4.7 corr.
288 0.8 2,00 16.5 14.5 corr.
(b) Pl I
Hours Gasoline™™ Gasoline + Hose
0 142 1.2 Q.8 corr.
720 f3) i) 19.8 18.7 corr.
96 20 2253 2151 corr.
1Lk 1.0 21.L 20,3 corr.
166 1t 19.6 18.6 corr.
312 2040 19.7 corrs

#* 41 2 2 e : :
Gasoline from Naval Air Station, snacostia, 1 Scptember.

%% Gasoline from Naval Lir Station, Anacostia, 15 September

(1) Hose removed from gasoline. :
The figures marked "corr." indicate the amount of gum derived
from thc rubber tubc corrccted for the gun in the control.
Seec Appundix A for details.

(c) Sections of hosc were cxtracted with samples of 73 gradc aviation
gasoline. Onc sample was obtained from the Air Station at Pensacola;
the other, from .the Naval Air Station, Anacostia. The extractions
wepe continued 7 hours and the hose air-dried for LB hours to a
constant weighte.

73 Octane from Shell Terminal ) Gasoline from NAS, Anacostia,
Merine Tanks at Pensacola. 73 Octane for Tusts.
el Original Total Original Total Z
Hours Weight Loss Loss Hours \Veight TIoss Loss
7 6.799h 1427 2.1 7 6.9435 .1855 2.7
—Qn—




GUM TESTS ON SALMPLES FROM FLS, PENSACOLL
SLMFLES AUGUST 27 and 28, 1936

(a) 73 Octane Grade.
Gum Content - mg./100 c.c.
Glass Dish Gum,

NEL Data Vendor's Data
Dried Dried
Description of Sample } Hve 2 hrs.
Shell Terminal Marine Tank U2 - 6
Squadron 2, Corry Ficld
Bulk storage tank 5.0 -~ S
Servicing hose, usual operating
conditions. 6.2 — L
Servicing hosc for 2l hrs. Exposed
to sunlight during day. 2.6 23.1 2l
From tank of Plane No. 9713 (sample
blue; evidently not 73 octanc). 3.9 - é
Automobile Station, C.F. TELh 11.0 6
Squadrons 1 and L
Bulk storage tank 356 8.8 T2 7
Pump House LO7, ¢nd of line 9.k - 8
Hose, Squadron 1 (sample yellowish) 3.7 29.2 2l
Planc No. 8190 HY-2, Squadron 1. 1530 1145 10
Automobile Station, Yard. 1L.0 9.3 7
(b) 87 Octzne Grade.
Shell Terminal Marine Tank 0.2 - 2
Squadren 5
Tank car PPX 2666. 2.2 - L
Bulk storage tank. 148 - 2
Servicing hosec, usual operating
conditions. 1.0 - 13
From tank of Plane 8621 FlB-2. L.7 -— 2
Squadron 3
From tank. C.ly e 2
From scrvicing hose under usual
conditions (sample greenish). 26.2 2Lk 22
From Plane No. 8252 02U3. 1.1 - 3

Squadrons 1 and U
Storage tank No. 1i02: 3.5
Pump House No. LOS. 2.5 i
From hose, Sguadron l. 6.2
Tank of Plane No. 8312 PM-1,
Squadron L. 3.5 -

|
|
= Ox A




The 73 Grade of Aviation Gasoline is dispenscd to automobil: s 2t two
stations at the airport. Troublc is reported here with gum deposits in the
bowl of the carburctor and gumming of the carburctor jets. Meny carburctors
have been reported fouled rccently due to gum, The nain difference between
the aubomobile carburetors and the airplane carburctors is that the former
arc dovm~draft and the latter up~draft carburctors.

In order to locate where the trouble moy be, samples were taken in dup-
licatc on August 27 and 28 for both the 73 2nd 87 Grades from Shcll Terminal
storage tanks, tank cars, Naval Air Station tanks, from scrvicinz hose, and
from plancs. One sct of samplcs was forvarded to the Houston Refincry
Laboratory and the othur sct to the Naval Hescarch Laboratory at Anscostia,
D.G. The writcer witnessed the testing of tho samples at Anacostia. The pre-
formed or glass dish gum was the only test made =t hnacostia. The preformed
gum, color, gum after accclerated aging, copper dish corrosion, copper dish
gum, and the octane number of a few samples were determined 2t Houston, These
rcsults are tabulated in the attached Appendices I and II, onc covering the
73 Grade and the other the 87 Gradc samples.

In ippendix III, full propertics are given of the samples obtained from
Shell Terminal tunks on iugust 27. In addition, iull propcrtics are zlso
listed of samples from two Navy storage tanks ror 73 grade which were obtain-
ed on Scptember 18. The Navy specifications are listed for comparison.

The analysis of a samplc of deposit taken from an engine which used
73 Gradc of gasoline is also given in this menmorandun. :

On Scptember 17 and 18, the writer again visited the Naval Air Port at
Pensacola. Mr. C. E. Ekstrom, Lt. U.S.N. and Mr. C. E. Earle of the Navy
Department woere &also there from liashington, D. C. The troublc was still
persisting and it was desired to take doefinite steps toward remedying the
condition. The steps taken are included in the next heading, “Results,
Conclusions, and Progress.!

RESULTS, CONCLUSTONS, 4ND PROGRESS

: The results of the samples which were taken on jugust 27 and 28
and which are reported in the attached ippendiccs I end II, show definitely
that there is some contamination at the Maval Air Station. This is more
pronounced for the 73 Grade than for the 87 Grade; zlthough, one sample from
the servicing hosc of the 87 Grade is high in gum. Garlock No. 237 packing
is uscd for pumps and valves and no contamination is likely from this source.
In view of the contaminestion, all the Navy storage tanks will be clcaned and
the service ‘hose will bc tested to determine 1f they meet Navy specifications.

25 The gum after the accclerated aging test in most cases is pretty
much on the same order as theinitial preformed gun (Appendices I and IT).
In other words, the gasoline is quite gun stable to the acceleratced aging test.
This applies to both gradcs of gasoline and especially to thet in the Shell
Marine storage (sec¢ spoendices I, II, & III). The preformed gua in the Shell
Terminal tanks is 6 to 8 millizrams for the 73 Grade, vhich hes i ncreased
since being delivered to this tank; and, 0.2 to 2 milligrams for the 87 Gradec.
The preformed gum for the 73 Grade is higher than for the 87 Grade. Ewven
though with 6 to 8 milligrems of gum, fron information availeble, trouble
would ordinarily not be cxpected, c¢specially in motor cars. 4 peculisr

T




situation appears to cxist at the Naval iirport. This ondition is a1l the
norce unusual because no complaints havc beenh received from other points of
outlet using identically the same type of gasoline.

Both gasolincs in Shell Terminal storage on sugust 27 met all of the
Navy specifications M-222 (scc ippendix IITI).

3. On the writer's sccond visit to Penszcola on September 17 and 18
it was definitely stated by Nevy officials that no trouble was cxpurienced
with the 87 Grade of Gasoline and that it was satisfactory. The trouble
previously reported was attributed to some engines in whiech 73 Gradec Gasoline
had been used prior to changing to 87 Grade.

. In order to determine if the gasoline supplied by Shell is at
least partially at fault, a test was started on September 17 using a plane
with 2 newly overhauled e¢ngine and 73 Grade of Gasoline which was dclivered
in drums directly from Shell Merine Storage. The gasoline was supplied to
the plane by mecans of pails to avoid the use of hose.

The writer did not witness the inspections after this test, but it
was reported that after about 26 hours a trace of gum in the intake systen
was indicated and after L3 hours a definite indication of the usual trouble
was cvident.

Based upon this test, the 73 Grade Gasolinc in the Navy storage amount-
ing to roughly 60,000 gallons will be rcturned to Shell Merinc storage and,
beginning September 20 this grade will be supplicd directly from the Houston
Refinery. Four 10,000 gallon cars arc to be on hand in Pensacola on September
28 and two cars ecach week thercafter. This procedurc will be followed until
the 73 Grade can be moved from Shell Marine storage and & new supply delivered.
These cars will be connected directly to the servicing systom at the Naval
Air Station, bypassing their storagc, until clecan tanks are available.

Since the gasoline in Shell Marine storage meets all of the Navy
specifications, the specifications eare evidently not broad enough to cover all
conditions if the gasoline is partially at fault.

54 Since the 87 Grade is satisfactory and the 73 Grade is claimed
not to be, the difference in composition will be given. The 87 Grade is
100% base stock plus a maximum/gal. of 3.00 cc. of tetracthyl lcad. Up to
April 1k, 1936, thc 73 Grade consisted of base stock plus approximately 3%
of tri-isobutylenc. Beginning ipril 1l and thercafter a blend of di-iscbutyl-
ene and tri-isobutylenc was substituted for T.I.B. ipproximatecly 3% of this
blend was also used. The D.I.B.-T.I.B. blend consisted of approximetcly two-
thirds of the former and one-third of the latter. Sincc no trouble was noticed
until about the latter part of Juns or first part of July, it can be considered
that the T.I.B. in the Aviation Gasoline is satisfactory, but that probably the
D.I.B. is not, and that perhaps it is the D.I.B. that is the cause of the
trouble. It is quite likely that in the presence of D.I,B., the impurities,
picked up in storage and under scrvicing conditions, catalyze gum formation,
D.I.B. will be omitted from future blends.

6. The writer wishes to extend his thanks to the personnel at the

Naval Air Station at Pensacola, the Neval Rescarch Laboratory at Anagostia,
and to Lt. C. E. Ekstrom and Mr. C. E. Ecrle for their hospitality and hearty
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cooperation in the investigation of this problem. It has been o pleasur: to
WO rk wi 5 h theme

Te Summarizing - the 87 Grade of Gasolinc is satisfactory.
111 the storagc tanks at the Kaval wir Station, Pensacole, 2re being or going
to bc cleaned. The servicing hosc ore being tested to detormine if they meet
Nevy specificotions. The 73 Grade of Gasolin. will b supplicd in tank cars
from Houston beginning Scptenber 28 until a ncw supply can be dsliversd to the
shell Terminal tanks at Pensacola. The 73 Grade now in storagec at the Naval
iir Station will be returncd to Shell Merine storage and all this gasoline in
shell storage will be moved to mak:e room for the nov supply.

DESCRIPTION

Thc ‘gasolinc is unloaded from barges, through & connecting hose
approximately 20 to 30 feet long end L inches I.D. to Shell Terminal storag
tznks. The hose is 2 U, S. Rubbuer Company, wmmazon 3800 Hose No. 5-717. It is
rubber covered and supposcdly metal lined. One 37,000 barrcl cone roof tenk
is in use for the 73 Grade of Gasoline and onc 10,000 barrel tank rith Wiggins
breathcr type of roof for the 87 Grade. The two systims arc entirely inde-
pendent from cach other. Scparstc lines fronm the tanks, scparat. pumps, cte.
are used for loading into tank cars. Very old hose connections are used for
tonk cor loading. These arc motal lined and canves covercd. Reciprocating
steam pumps ar¢ used for loading. L griphite asbestos composition packing is
useds

The gasoline is delivered to the Naval air Station in tank cars.
Four 10,000 gallon cars are in this service which are uscd interchangeably for
both grades of gasolinc. for unloading, @« Parcnite suction hose, metal lined,
rubber covered, is used. This hosc is &@bout 20 feet long.

There are throec points of Naval storege - one &b Corry Ficld,
supplying Squadrons 2 and 5, and onc zutomobile filling station; anothor
supplying Squadrons 1 and k and an automobilec filling stetion; znd the third
supplying Squadron 3. The storagc tanks are 90,000 to 100,000 gallon tanks
with floating roofs, with the exccption of the 87 Grede at Corry Field, which
consists of four intcr-connected 12,000 gallon horizontal tanks. Another
similar 12,000-gallon tank supplics the cutomobile stetion with 73 Grede
Gasoline at Corry Field.

Centrifugal pumps take suction on the sboragc tenks and supply
pressure on the scrvicing lines at the airports. 4ll lincs arc underground.
The servicing hosc arc wound on rocls and are all U, S. Rubbcr Company hose
manufactured undcr Navy Spocification No. 33H2A. These appenr to be rubber
with a possible Duprcnc lining. One exception to the above, &t Squadron L, a
metal=lined, cotton-covercd hose, is used for the 73 Grade of Gasoline.

Garlock Facking lNo. 237 is used @t the Newval 4Air Stetion for
packing all pumps #nd valves. This appears to be & graphitc asbostos conposi-
tion pecking.

The major trouble is expericnced with the R-790 cngincs, Wright
Whirlwind Engine (220 h.p.) without blower suction. This type of enginc is
used in both lond and sea planes, which are uscd nostly as practice planes.
They use the 73 Grede of Gasolinc. The plancs come in every hour for r.fucl-
ing and clienging of pilots. Lpproximately 20 ninutes is rejuired. During this
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time the engines have time to cool and any gWILY deposits becons 1ess fluid
ally To trouble is uncountered in flight; however s

and become MOTE sticky. Usu ;
the deposit accuulates oxccssiValy =g already nentionede
yS: e1s0, S0Te using the 87 Grade

and sone the 13 gradce Host of thesc engines have bloweT scetionss These

vi 11 not bC described, since no trouble is cxparicnccd sith the 87 Grads of
gasoline. Tyouble 18 cxpericncod with all engines using the 73 Grad: with

the maximwa in the J-5's OT the R-790 mentioned aboves

Each morning the gasoline is the gervice hose is drained on the ground
before filling {he plenes. This precaubion ;g taken ©O avoid contamination
from the hose, which this report indicates takes places HoweveT s in some
cascs, the gasoline remains in the host suffriciently 1long between £111ing

of planes to definitely causv contamination. The results in the attached
tabulations led to the testing of this hosé ccbs the

Navy specifications.

There arc other makes of engincs in

$o determine if it m

The automobile stotions usc 2 hose nanufactured by goodrich Rubber
13 Gredc of

Company wmder specification Nos 52 -H-L46bl. for dispensing the

gasoline to automobiles.

g

yé?ERIAL FROM VALVE AND INTHKE PORT OF ENGINE

;a1 was baken from the induction systen, mainly from intake yalve
rt, of an gngine that had been using 73 Grade Lviation. This
material was gaken at the end of the usual overhaul tine, napely 350 hourse.
Qiite a heavwy deposit was present. This matoerial was snalyzed as & matter of
intercst in the Houston Laboratory, with the folloving resulls:

Maber
and intake PO

Sulfur 1.9% by Vb
ish 1.98% by wb.
Lead 0.3% by Ve
Chlorides Tracc

snalyzcde &

The ash'appuared to be mostly iron, although it was not
87 Grade

small amount of lcad 1is present, which indicatces the usc of some
Gasoline &8 wiell as 13 Grade -

er cent solublc in various goivents was

In addition to the aboves the p
determined, with the following results. The extractions Wore nadc consecu=
tively on the same Charge buginning'with hexane.

PER CENT

SOLUBLE
Hexane % by wl. 15.h
Benzenc % bY wt . 112
Chloroform 10.6

portion not soluble in thcse solvents.
hen removed from the in=
to harden upon

This indicates quite a 1arge
reported that the material when fresh and b

It was
rather soft consistency bub it tends

duction systen is of &
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