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A study of the affect of mercaptanc on the formation
of insoluble sediment in Jet fuels at elevated temperatures is
reported [1]. The method of investigation consisted essential-~
1y in the heaiing of sealed samples of the fuals in glass con-
tainers in the presence of a continuously rotating 1 plate
made of BB-24 vronze [2]. In addition tc copper find probably
other unspecified components )], this alloy containa 5.7% enti-
mony and 0.9% phosphorus and exerts a strong deteriorati
effect on jet fuels at elevated temperatures [3). The effect
decreases upon introduction of nickel and zinc and reduction
of phosphorus content to 0.2% [3].

The 5tudy was conducted in three experimental series.
Series 1 involved the testing of TC-1 fuels to determine the
tamperature of maximum sediment formation, The fuels were pro-
ducts of & var.cty of Second 3Baku ~2rudes, and their mercaptan
sulfur content was from O to 0,0211%, The method described
above [2] was cmployed in the 100 to 300°C range. Specimens
were held at temperature for cix hours.
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Series 2 dealt with the effects of mercaptans and
catalytic metals on sediment formation at 150°C in a specially
nydrofined TC-1 fugl. (After hydrofining, the fuel, a product
of a Tuymazy crude, is mercapten-free with total sulfur con-
tent of only G.0l1%.) The experiments were conducted with the
fuel in this initial state and with additions of increasing
amounts of two specially synthesiszed mercaptans, ses-ootyl-
mercaptan and thiophenol, to the fuel. The experiments took
place a) in glass containers with no catalytic metals pres-
ent, b) in glass containers also containing the BB-24-bronse
plate, and ¢) in a brass container also containing thes platse,
Again, specimens were held at temperature for 6 hours.

Series 3 oxtends the experiments of series 2 to the
100-300°C range.

The following ara the findings of the investigation:

In seriss 1 scdiment formation inoreased with in-
creasing mercaptan content, and the temperature of maximm
sediment formation was 150°C,

In series 2 no sediment was formed in the mercaptan-
free fuel heatsd in the glass container vith no drense plate
present, smalil amounts of sediment formed in the presence of
the metal, and the amount of sediment increased when the bdrass
container was vaed, Additional amounts 0. either meroaptan
with nec metal preaent increased the sedimant, Thiophenol ex-
erted a stronger cffect than sec-octylmercaptan in this cese;
e.g., at 9.020% morcaptan sulfur content Che presence of thio-
phenol produced 6.5 mg/100 ml of sediment compared to only 0.8
for sec-ociylmercaptan, When the metal w:s b t into con-
tact with the fusl, the results were reve:xsed. values were
5.0 for thiophenol and 14.5 for sec-octylmercaptan. Introduo-
tion of thc brass container reduced the saocunt of sediment
under otherwise identical conditions to 2,0 and 11.0 mg/100 ml,
reapectively.

: - -The metals, however, were corrcded the mercaptans,
especially thiophenol, which forwmed loosc films on the
bronze surfaces. Tho decrease in sediment in the drass con-
tainers is explained by the partial transition of mercaptans
into the ocorrogion film, Tae formation of sediment remained
on a level of 2.4 to 3.0 mg/100 ml in the axperiments employ-
ing the drass container and the dronze plate with 0 to 0,020%
thiophenol added to the mercaptan-free fuel,

‘2-
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The rcsults obtained in series 3 confirmed that max-
imum sediment formation also takes place at 150°C under all
the conditione of the experiment.

In experiments in the glass container in which mer-
captans were added to the mercaptan-free low-sulfur fuel and
the bronze plate was present, the sulfur balance after sedi-
ment formation indicated that the mercaptans partly oxidisge,
paxtly form aediment, and partly take part in the metal-
corrosion frocess. With 0.01% thiophenol sulfur more corrosive
sulfur--3.43 mg/100 g (0.39 in the sediment, 6.4 remaining in
the form uf mercaptans in the solution, and 6.7 in the corros-
ion film)~--was found by analysis after the experiment than was
initlially introduced in mercaptan form (i.e., 10 mg/100 g).
The corresponding balance with merciptan-free fuel indicated
no sediment at all in the absence o the bronse plate and sed-
iment with very small amounts of sulfur (0.002 mg/100 g,
which 18 negligible) in the presence of the plate and no, core
rosion on the brcnze, These findings indicate that non-
mercaptan sulfur becomes ccorrosive ia the presence of thio-

rhenol.

Analysis c¢f sediment of mercaptan-containing fuels
(0.01%) obtained in the glass container in the presence of
the bronze plate showed considerable ash conteut, adbout 12%,
The ash contained Cu, Zn, and Cr in amounts from 1 to 10% and
saaller amounts (down to 0,001%) of Ca, Fe, Wi, Se, A1, Mg,
Mn, Pb, Sb, Sn, arnd Ba. Ash from thiophenol sodiment contained
iron in amounts from 1 to 2%, Sieve analyais of particles
formed with either mercaptan indicated that the majority of
sediment particles was reteined on the 5-7T-micron and 15-picron
sleves. Mercaptan-free fuels producad smaller sediment Darti-

cles,

COMMENT : ’

This study indicates the continuation of Soviet efforts
in the investigation of sediiment formation in TC-l fuel and
in the search fcr a standard method of evaluating the thermal
stability of this fuel. The role of mercaptans in fuel de-
terioration at elevated temperatures is confirmed.

The catalytic effect of such copper alloys as BB-2¢
and brass wculd seem to bo of particular concermn to the Soviets,
since provision was made for its introduction as a condition
of the testing procedure, The comparatively high ash content
of the sediment with the presence of metals in amounts ranging
from a few parcent of total ash content to Ecly traces is
comparable to that of the sediment found in -1 fuels at lower
temperatures under conditions of actual flight., (See: AID
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Report 61-100, 7 Jul 1961.) This fauct appears to be in 11
with the obdservation put forward in the commentary to AID
port 61-100 that wear and corrosion sludge could possibly
ert a catalytic effect on sediment formation,

The presence of Zn and Cr in the ash portion of
sediment in amcunts from 0.3 to 10% is to be noted because
gource [2) mentions only Sb and P as components of 85-24
bronze,

The specially hydrofined TC-1 fuel used in the p
ent atudy is reported as a mercaptan-free material. This
cumstince and aome data also used in the study on the merc
content of nonhydrofined TC-1 fuels Justify some comicnts
the question of hydrofining of TC-1 fuels of Second Baku o
The TC-1 specification, " 7149-54 , perwmits a maximum o
0.01% mercaptan sulfur, with total sulfur content not to e
ceed 0.25%. In the present experiments a marked Jegree of
iment formation took place in the TC-1 fuels at mercaptan .
total sulfur contents far below the amounts prescribed by
specification., (e.g., sediment formation, approx. 4-7 mg/
at 150°C; respictive mercaptan and total sulfur contents,
0.0051 and 0,468 [Tuymazy end Yohimbar] and 0.0072 and O..
{Mmukhanoval. )’

It was noted above that nommercaptan sulfur bdec:
corrosive when the aromatic mercaptan, thiophenol, was pre
in the fuel. I1f consideradle amounts of sediment form in
transport jet aircraft at 45-50°C (AID Report 61-100), the:
more zediment can b2 expected to form wher the Jet fuel 1is
in the capecity of an engine coolant subject to the presenc
of catalytic motals in other types of jet aircraft. Theire!
tiwough the authors of the article refrain from any comment:
other than con the d2sirability of taking the differences ir
sediment formation into account in the development of a st
ard method for evaluating thimmal stability, the study may
well be considered further avidence in support of the contt

lated introcuction of hydrofining fcr Second Baku jet fuel
PFor information on the desulfurization of jet fuel by hyd:
fining see also: AID Report 61-26, 7 Mar 1961,)



