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THE CORROSIVE PROPERTIES OF SULFUR-BEARTNG CRUDES
by
L.D.Z2akharochkin and 3.M.Vol'fson

(Giproneftemash) | ;

Academician I.M.Gﬁbkin, who for a long time headed all geclogical research con-
nected with the prospecting, oxplént.ion, und development of oil and gas flelds,
vhen speaking of the problem of the expansion of crude oil production in the foot-
hills of the Caucasus and in Central Asia, always emphasized the importance and
timeliness of the problem of discovering new petroleum and gas-bearing de_po-its in
the flatlands of the USSR.

The decision of the Party to establish the great oil dbase of the Second Baku in
.th- .region between the .Volgu and the Urauls initiated an extensive development of the -
subsurfuce resources of the immense plains of the USSR. The expansion of the pros-

- peating, exploration, and development of oil and gas fields in the Ural-Volga

‘groups bound to the sulfur. But ve also find crudes that contain hydrogen sulfide

| MCL-STIN . 1

petroliferous region has led to the great growth of oil extraction in these regions.
Most of the crudes of the Ural-Volga petroliferous region are sulfur-bearing.
The total sulfur content in the crudes of the Eastern oil fieids of the USSR.varies

_over a voory'vltgn range, from 0.3 to 4.5 wt.f. The sulfur in these crudes is mainly - f

in the fora of orgesnic sulfur compounds, mercaptans, sulfides, disulfides, poly-
sulfides, thiophenes and other compounds (Bibl.l). These types of sulfur compounds
inolude numerocus groups of sulfur compounds, whose differences are dus to the alkyl




and elementary sulfur together with organic sulfur compounds.

In refining, the sulfur compounds in crudes and petroleua products undergo
various trunsformations, as a‘result of which we have to do in practice, not only
vith natural sulfur compounds contained in the crudes but also with the products o
these transformations. _ -

M.G.Rudenko and V.N.Gromova (Bibl.2), while investigating the thermal stabili
cf seversl sulfur compounds, have shown that the mercaptans are the most stable of
these sulfur compounds. The substitution of the hydrogen in the SH group by a rad
oal, {.e., the conversion of mercaptuns to sulfides, increased the therzal stabili--
of these compounds munyfcld. Julfides are distinguished by high thermal'stability.
regardless of bolling point and class. It was also found that high thermal sta-
bility is characteristic of all sulfur compounds with sul”ur in the ring.

Work on the catalytic transformations of sulfur compounds (Bidl.3=5) has sho: -
that catalysts act strongly both to lower the temperature at which the transforma-
tions of sulfur compounds begins and to increase the degree and depth of these
transformations. The sulfur compounds here undergo various reactions (liberation -

hydrogen sulfide, hydrogenation, dehydrogenation, disproportionation of hydrogen).

.‘gnfﬁ; direction of the reaction depends on‘the nature of the sulfur compounds, the

typs of catalyst, the temperature, ets. Mutusi tranaformation of the sulfur com-

Cpoundo'tnkos place during catalytic reactions, but ultimately all these processes

V!
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(1)

précood irreversibly toward the formation of hydrocaurbons and liberation of sulfu
in the form of hydrogen sulfide. _ D
Some sulfur compounds contained in crudes (elementary sulfur, hydrogen sulfi.:.

: ssrcaptans) and the transformation products formed during refining by organic sul’™--

oc-boundl are sources of intense corrosion of rofinory»oquipnnnt.

Many years of USSR experience in refining sulfur-bearing crudes from various
o1l fields of the Soviet Union have shown these crudes to be of varying corrosive
lntivlty. The ability to evaluate the corrosive properties of sulfur-bearing cru“-s
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and th‘ir knowledge is lﬁportmt for prauctice, since the equipment of refineries
and the cost of protecting it from corrosion is of course riled by the aggressive-
ness of the crudes being refined. Iimtil recently, there was no method in the U33R
for .valuatiﬁg the corrosive propertlies of sulfur-bearing crudes. During the first
stages of largs-scale refining of sultuﬁbe‘aring crudes, their nggrissivo properties
wvere attributed to the totul sulfur content, but it became obvious later that the
total sulfur content in crudes from varlous oil fields could not serve as a cri-
terion of their corrosive properties. |

in this ccnnecf.ion, an accelerated laboratory method of estimating the corro-
sive properties of crudes was developed at the State Institute for Petroelum
Refinery Equipment. The meihod nakes it posiiblo to determine the direct indices of
the corrosive activity of crudes distilled at temperatures up to 3509C under at-
muspheric pressure, and to determine the quantity of hydrogen sulfide liberated
under these conditions. A detailed description of this method was presented in a
paper before tlﬁ Second 3cientific Session devoted to the chemistry of organic
sulfur compounds. '

'nn principal results of work on the corrosive properties of sulfur-bearing
crudes of a number of oil f1élds in the Kuybyshev and Orenburg Oblasts, and of
Tartary and Bashkiria, are given in the Table. The experimental data have shown ‘ X
't.hut a' considerable ‘group of specimens of- sulfur-bearing crudes examined, contain~ |
ing 0.28 to 1.99% of sulfur exhibit low corrosive activity vhen subjected to at-
sospheric distillation up to 3509C, and approach the zlov-.lnlmr crude of the Baku

L region .(Surakhan) in their corrosive properties. The quantity of hydrogen sulfide

' v .

liberated on their distillation did not exceed 250 - 260 mg per liter cf crude, and - ,
the rate of corrosion of carbon steel due to these crudes did not exceed 0.5 mm/year.
' With increasing amount of hydrogen sulfide liberated on distillation an in-
oreased corrosive activity of the crudes is also noted. In cases vhers the amount |

of hydrogen sulfide liberated was 400 - 600 mg/1tr of crude, the rate of corrosion i
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of carbon steel rose to 9.2 - 1.0 mm/year, and at 607 - 1000 mg/1tr crude it reached
1.7 = 2.3 am/year. |

The crudes examined also included sulfur-bearirg speciuens with very high cor-
rosive activity, which ylelded 1620 to 9530 mg of HyS per liter of crude on distil-
lation, and showed a rate of carbon steel ;:orrosion amounting to 2.5 - 6.8 mm/year.

The experimentul data show that an extensive group of crudes from the Jral-
Volga petroliferous region, which are usually grouped logether under the comrmon
designation of "sulfur-bearing cruies®™ do in fact include crudes with sharply dif-
_toring corrosive properties. As the petroleum industry developed in the regions be-

tuween the Volga and the Urals, the variety of the crudes has increased yesur Ly year.

Corrosive Properties of Sulfur-Bearing Crudes
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(Table Continued)
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- ¥Specimen of crude obtained at Petroleum Institute, Academy of Sciences USSR.
. *e3pacimens of crude obtained at ill-Union Petroleum Industry Research Institute.

Besides the highly aggressive crudes of Ishimbay, Syzran, Kinel®, Stavropol!

" and Buguruslan, vhich vere the principal crudes refined between 1936 and 1944, new
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oil fields have been discovared and put into produstion during the last 13-12 yea -
Jielding crudes differing sharply in their total sulfur content and in their corr
sive properties. Further thun that, not only new oil and gas-dearing areas Jere
developed, but also nes produztive strata. For instance, such a new stratum whic
yielded crude aoo;l after the wvar and opomd' up & new stage in the development of
oil production in the regions between the Volga and the Ural were the Devonian de
posits. Devonian oll was discovered ih wWestern Pashkiria on the Samara Luke, rea
Saratov, in Tartary, and in other areas of the Urni-Volgu region. The sulfur con
tent in the crudes from the Devonian horizons does not exceed 1.5 - 1.6%,' and in
number of cases it is as lov as 0.8 = 1.0£. The Devonian crudes contain sulfur o
pounds of higher thermal stability, and are unaggressive when distilled up to 359

Considersdle quantities of crudes being produced toduy are from the Cu-bonit«
ous deposits, vith low sulfur and only slight corrosive activity. Such Zarbonife:
ous crudes include those from Mykhany, Mikhaylov, and Pokrovsk.

The figure shows data ckaracterizing the pattern of growth of the production
both highly ageressive and weakly aggressive cruics in the Ursi-Volga region. The
highly nggroc‘aivo crudes include those from Staro-Ishimbay, Vvedenovsk, Starokazar

. Tuymasy Carboniferous s;nlu. Shugura, the crudes producsd by the Kirel'neft' Trusi

(?@'w. Strel'ny, nhblazy Gorge, c‘rboni!orous suite), the cmdcg of thoco‘ll_;! aret
of the Syzran region, the cn\dc; produced by the Pervomaysk-Chernovsk Trust, the
_arudes fm the annh Comolidntod Ouﬂolds, nnd the crudes produced by the
Mmlmmn’ Comb'ne.’ | |

ﬂn lw-cmouou crudes include f.hon from Bastkiria, Tutary. and Kuybyshev
Qlut., u. erudu t'rol Carboni ferous dopouts. \dth roluuvoly lov su.lmr. oxmtw :
lu cnly slight comaln prop-rtin, and the cmdn from Snntov -ncl Sulingnd |
Ohlasts. o T ,

The data in the figure show that inm 1940 the crudes produced in the Ural-Voli
region consisted mostly of high-sulfur and highly agcressive crudes (92.2%). ﬁu'=

L]
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beginning 1n 1744 = 1945, the contribution of the highly sggressive crudes to the

total ofl production in these regions fell sharply, in 1945 it was 76.6%, in 1350
20.7%, in 1955 3.0Z. Allowing for the prospective development of the individual
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Contribution of Low-bggéossivc and High-,ggressive
Crudes to Crude Oil Production in the Ural-Volga
Petroliferous Region:
1 = Lov-aggressive; 2 - ligh-eggressive

a) Years b) Plan

oil-bearing rcgion:, it h calculated that in 1960 the contribution of the highly
mmoin erudu will be about 6.5%. b o )
The clunpa that have taken phco in the pcttom ot the proportiu of the
crudu produced in the Jnl-%lgn ngion (ve mean the corrosive, aggressive proper-
un of the crudes) advance the problem of organizing the rational and separate col-
| lection, -storage, transportation, and refining of a vide range of sulfur-bearing -
crudes. ‘We are very clear abtout the fact that these questions.must be solved not : - e
‘ only vith respsct to the corrosive properties of the crudes, but also with respect - - ‘
to the other physical and chemical properties of the crudes, the directions of the .
uﬂun. process, the geography of oil-field and refinery location, allowing for the ‘. i
idlung peans of transportation, etc. ;
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In spite of the difficulties in the say of orgunizing a rationsl and separ:
collection and relining of the eustern crudes, we must still recognize the izper--
tive necessity of such separation, and the work undertaken in this dire:tion by
petroleum {ndustry must be decisively continued and expanded.

The propusitions about the organi uti;n of rutional czollection and refininm
the crudes of the !ral-Volgu region should in our opinion be worked cut by the
Councils of National Economy of Tartary, Bashkiria and Fuybyshev Cblast with th
participation of a number of ressarch institutes of the petroleuz industry, aﬁd
should be reviewed ard ‘pproved by the higher-echelon directive organizations.

At tfn u'm‘ time, we also consider it possible and expedient, even today, -
note certain priority measures vhich result from an analysis of the existing
situation. | |

1. Up to now oil flelds have appeured vhere it has become necessary to est..
1ish conditiona for the separute collection of crudes. Such oil fields {nclude
those of Tuymazy, Mukhan and Shkapov.

2. Since it has become the practice to concentrate the refining of the mos
aggressive sulfur-bearing crudes at three refineries - Kuybyshev, Syzran and

lshimbay - it is upodi..nt to concentrate all the refining of crudes of this ty . .
‘these ‘refineries, and to permit no deliveries of -aggressive crudes to any other
" fineries vhatsoever, to say nothing of refineries not equipped to handle sulfur
°. bearing erudes (Gur'yev, Orsk, Grosnyy, ete.). : e <

3. It is imperative to vork out measures and pv;t then into effest graduall

- aver. & short period (1.- 1.5 year) to adapt the equipment and the individual el.

ments of the. gcmnlz plant installations at the Kq,ybphpv, Ishiabay, and Syzran - -

. fineries to handle highly aggressive }ulmrbcocung erudes, in order to effect

maximum reduction in the extent of corrosion and the amount of repair and rebul
vork at these refineries.




1. The results of this work have shown that an extensive group of crudes 57 the
Ural-Volge region, usuully lumped together under the cozmon designation of "sulfur-
bearing crudes®, in fact include 2rudes differing sharply in corrosive properties
vhen distilled under atmospheri: pressure up to 350°C.

2. The changes that have taken place in the pattern of the propuriies of crudes
produced {n the Ural-Volga region (with respect to their con-ésivc properties) in-
sistently demand a decisive continuation and expansion of the efforts taken by the
industry to organize the separate collection and refining of a wide assortment of

~ crudes of the Ural-Volga rogion.

3. It 13 necessary to introduce into the practice of the analysis of the crﬁdu
from nev oil fields and horizons a determination ot their sggressive properties by
the developed nthod in order, on the one haud, to doton.inc the rational points for
refining such erud_n and, on the other hand, in building refineries, to provide the
most correct and economically advisable measures to protect the equipment from cor-
réaion, according t.o the degree ;f aggressiveness of the particular crudes involved.

4. The work on doyolopnnt of a method of estimating the sggressiveness of
mmbburing erudes and potrolcun producta under tht conditions or high-tupouturo

©

proeouu (thoml md uulyuc orleking) ahould bo con‘unuod

Junior Scientists S.T.Meshcheryakov and K.V.Tokareva, and Laboratory assistants

a2 . o

*  0.V.Kalinina and G.G.Zhukova, participated in the experimental part of this work.
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: THE CORROSIVE PROPERTIES OF FUELS PRODUCED FROM
- \ SULFUR-BEARING CRUDES

VL . | by

. I.!o.‘Bnpolov, 0.V.Pletneva, Ye.V.Kolotushkina,

- G.P.Belyayeva, and M,S.Malysheva

o (Al1-Union hesearch Institute for Petroleum and Cas Refining
U and for the Production of Synthetic Liquid Fuels)

. With the widespread introduction of fuel TS-1, produced from sulfur-bearing
-cmdn and therefore containing up to 0.25% sulfur, the varicus consumers became

" eoncerned about its possible corrosive sction on fuel-feed systems.

. Tremthe iterature duts, referring primarily to fusls for carburetor engines,
we know of the corrosive action of active sulfur compounds, including hydrogen '
.nnu.. elementary sulfur, and Inrclptano. on various engine parts (Bidl,1).

Aceoﬂnag to the production technology of TS-1 and T-2 fuels that has been

e .

z ‘doytd at the various ‘plants, these fuels are-now campletely frve of hydrogen -sul--°
!

.7- . fide, |
~ As for their content of elementary sulfur, this elment hubomdotochdin c’

unn.l coammercial batches of TS=)1 h\ amounts not exceeding 0,001 = O.M The - e

__tetal mercaptan sulfur in fuels TS-1 and T-2, pnme-a from sulfur-bearing crudes,
.does vary vithin & wide range (0.005 - 0,.3%). |

The presence of mercaptans in TS-1 fuel has made it necessary to study the
" eorrosive action of thess fuels on the varicus parts of the fuel mt- in t.uéb?om
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~<; engines, and to establish standards for the permissible content of mercaptan sulfw

" 'in such fuels.

: The gorrooin properties of the fuels were determined from the weight loss of
e moval strip after immersion of 100 hrs in the fuel, at 60°C, Earlier joint studi:

. by the Research Institute for Petroleum Industry and the VIAM had established that

LIS Table 1

LK Corrosiveness of Turbojet Fuels Produced from Sulfur-Bearing
\ Crudes, as a Function of their Content of Mercaptan Sulfur
6.

" : (Tests on Copper and Bronze 7B-2.)

-y

Y '

T ) Original Fuel Copper Bronge VB-2,
. ' Welght eight
& el Sulfur Content, % Lossnte Yoignt

: Total |[Mercaptan a) Stri a) Strip
Sulfur | Sulfur s o/nd
S ts1 | 012 | Avsent | Avsent |Absent | Absent | Absent
. . 0,14 10,002 . 0.6 . 1.4
-" - . 0.15 0,005 - - . 3.3
R . 0,17 0.010 - - . 68
HL N 0.18 0,025 0,024 0,3 0,005 9.3
e . 0, 0,050 0,050 0.5 . 10.8
o 12 0,14 0,0z | Absent 08 | Absent 1.1
e ’ 0,15 ° 0,00% 0, 2.5 . 3,5
. 0,18 - 0,000 0,008 3.1 . 7.8
"’ 'Y 047 ] 0,15 <008 - 6.2 < . 0,00, 12.3. .
R . 9.23 0,050 9.03! 9.3 0,024 14,2
ae ! k ‘ ‘ )
s . .. ~ @)Mercaptan Sulfur Content of Fuel after Test, wt.X

i

¥

' fuel 7S-1, with a mercaptan sulfur content up to 0,055, had no corrosive action on

i omnl metallic utoriaha’uaod for parts of the fuel system of turbojet engines: . -
. {bmi Br AZhN-10~4~L, sluminum alloys, and steel. A.detailed study of the corro- .

N siveness of various samples of fuels TS-1 and T-2 produced from sulfur-bearing

on ‘cndu was conducted with materials most sensitive to the corrosive action of

52 mercaptans: bronse VB-2L and copper.

1. . The investigation was made on samples of fusls TS-1 and T-2 containing 0.002
o j0.05" of sercaptan sulfur, Cammercial and experimental samples of the fuels were
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‘.';‘: gelatinous ;lopoiita on the springs and a sharp decrease in the mercaptan sulfur
- eontent of the fuel, The chramate passivation of the cadmized springs exerted a
s protective action dut did not completely prevent the formation of the gelatinous
. H ‘ deposit on the springs when tested in this fuel,
. Puel 73-1, containing 0.01% mercaptan sulfur, causes no formation of gelatinous )

L K Tadble 4
i Wight Loss of Cadmiszed Springs (gn/m<) during the Test
b | Mercaptar]__ Test Conditions for Cadmized Springs
1 Sulfur Unpassivated Passivated
v £ Origi- In Pueli{In Fuel 51’: Puel|In Fuel
N or & |Shaken or a |[Shaker.
nal Puel,l ) Water | vith . water | vith

" s '1 hion| Water Cushion [ater
- a0 Gost| 0002 | 097 | 410 | 3.44 | avsent| 022 | w0

: 4118-49) ) .
LI T4 ADsent

) 54 0,01 - 1 27100 | 4000 | 070 | 3.8 | 9.26
ahq T84 ; 0.02¢ 8.44 | 108,60 | 106,77 9,62 13,57 7.8 -
T 12 . 0,001 1,68 ¢,01 35,52 0.9 0,38 1,20 ..
oo a) In unmoistened fusl
" |

Tl depost its in tésts on ¢admised aoprin‘l"'in umatered fuel, and very smsll amounts of ' <« .’
- doposits in tests in fuel watered by shaking vith water. ’

e i © 78 %o, The doss of .weight of passivated cadmised aprings tested in this fel is ex~": ~  .:°

" tr.ol: slight, and the oontent of mercaptan sulfur in t.hormolrnrnm pncucany’

. weos . X
coge¢c oy . Thisy under rather severe test conditions, when e@g«l upr!.nga are tested

4o+ .1 210 T5-1 fuel gontaining O.01F mercaptan sulfur, chromste passivation of the eprings
o :,.-9 nlhblv mu the cadnium coating and prevents the formation of gelatinous
ro doposits even when the fuel is strongly moistened (fuel with suspended water)., Under
.“: “ﬂn test conditions, the corrosiveness of fuel T-2, with 0,015 mercaptan sulfur, is
siaflar to, that of fuel TS-1 with the sase marcaptan sulfur content. In tests with’

3
™o , |
'm"’”l’o . . 13 - . }
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- It wvill be seen from Table 2 that, under the test conditions adopted, copper
is consideradly corroded by the fraction boiling in the range 60 - 130°C and very
1ittle corroded by the 130 - 2,0°C fracticn, |

Thus the increased corrosiveness of fuel T-2 for copper may be explained by t -

v Table 2
. Corrosiveness of Fractions with Boiling Ranges of 60 - 130 and
‘ 130 - 240°C, of Straight-Run Products of Sulfur-Bearing
T Crudes, as a Function of their Content of Mercaptans
T '
| 1~ - ﬁn(:oppor
S Boiling Range | Mercaptans in| Hercaptans [ . ., 1.
o of Fr:éuon. 'eﬁgm“ ‘ l?\am;.n‘:t.“ :}‘gt rip:’
- ! - ) er
. ’ Test, wt.% o/n2
0,001 Absent ' 0.50
;.: . oom . . z'm
. -0 0,018 . ) 7.80
i 0,025 . | 10,60
, 0,045 0015 | i
Y- 0,001 Absent 0,40
0 0,005 0,003 | 0,40
e 130 -240 0,013 0012 | g0
n ‘ 0,025 0.017 ’ 1.80
2 o 0.045 Not determined 3,10

.. cm“cnh]q higher eomd.vi.ty of tho low-molecular umpuns contained in fuel
L 'r-z by comparison with the ummm in fuel TS-L..- .

v As already mentioned, fuel TS-1, manufactured in the plant mumuon-. son
2 -tines contains .n;m. amounts of elementary sulfur,

LR lqtuv sulfur had been added, showed that the presence of olmury sulfur up te

n O.M in the fuel, L.e., in smounts that could not be detected by the copper-stri

.3 test (COST 6321-52), do not increase the corrosive action of fuel TS-1 with 0,018%
- 2 'm on bronse VB-2L. With respect to copper, the corrosive action of fuel
- 78~1 eontaining mercaptans is sharply intensified on addition of elmmentary sulfur

‘' te the fuel. On addition of 0.001% of elamentary sulfur to the fuel, the weight

.
v_q .

& o s 6o .eoh °. T e o L6 o " . Ny <
® . o - o o o g o ° &6 . ° S, o o e"

L . Special o.:porhonta made with test samples, to vhieh various amounts of 010- c
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T -:'.l.ou of the copper strip after 100 hr of test increased from 0.5 to 9 gm, i.e,, bi a

factor of 18, Here there was a considerable decrease in the mercaptan sulfur of the

- fuel,
It is of great practical importance to elucidate the character of the corrosion

of metals in sulfur-bearing fuels, as a function of the contact time, With this

.
L3
Wt

-object, we ran experiments on the corrosion of copper and bronge VB-2, in fuel TS-l
and T=-2 with varying amounts of mercaptans at varying test durations. Figure 3 gives

- the re=lis of the tests.
: 1. will be seen frum the data in Table 3 that, ai the test temperature of 60°C,
bronse VB-2, begins to undergo corrosion in fuels TS-1 and T-2 almost from the in-

)

stant of immersion in the fuel. The mercaptan content decrease is simultaneous with

e
-~ -

the weight loss of the strip in the fuel, The corrosion of a strip of bronze VB-24

\ X
.

, .under test conditions in fuels TS-1 and T-2 with up to 0.015% mercaptans ended after
e
.100 hrs, while in the fuels containing from 0,025 - 0.050% mercaptans, it ended
ok S : .
.after 150 hrs; during this period, the mercaptans contained in the fuels were com-

pletely used up. ' :
lhdnr -mm- test conditions, the thction of the mercaptans in fuel T-2 '

Fol

ne

(lnd upocun,y n fuel 'rs-l) with the copper’ sirip 1s considerably siower.
e -‘ , m noultl of the oxpcri.nnts show that the comsion of bronu VB-% does not
; n such dqnnci on tho mount of amptam in the mol as ‘on the contact time be-

N ‘twemn the bronse and the fuel, During the first 25 hrs of the tests, the corrosion
.of bronse V-2 wis slight, snd vas practically the saae for all fuels with neresp-
“ ‘tan: ealtcntt of 0,00 ~ 0,05%, - 'l‘hh may axplain the- obumuon that under: opcub- e
', °° ing oenﬂuem; when fuel is eonuman; being pumped through the fuel pumps, the

-ou'ru_inu of the bronu pq-tu is slight and is practically the same for 73-1 fuels
with 0,002 and 0.0265 mercaptans. |

. The cadaised parts of the fuel system proved more sensitive to the action of

- :mptm sulfur, Under engine operating conditions, in regions \d.th' elevated a-ta-“*
v [ . .-
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o, .
“--'; mospheric humidity, the formation of gelatinous deposits on the cadmized surface of
:m parts wvas noted, wvhich in some cases interfered with operation of the fuel

- pu=pse
" To elucidate the causes and conditions of formation of these deposits in op-

" erating with fuels produced from sulfur-bearing crudes, the appropriate laboratory

. ! tests were run on industrial samples of fuel TS-1 containing 0.0l and 0,025% mercap

- .

- tan sulfur and fuel T-2 containing 0.0:% mercaptan sulfur. For comparison we also

. . ran tests on fuels free of mercaptan sulfur: fuels T-1 and fuels TS-1l from sulfur-

1 - =bearing crudes that had first been treated with sodium plumbite, The series-

, - =produced steel springs, cadmized both unpassivated and after chromate passintion'

‘were also tested for corrosion by these fuels,
The test of the cadmized springs for corrosion was run at room temperature for

._4 50 days, changing the fuel every 10 days, with complete immersion of the springs in
) tho fuel. 7To. elucidate the effect of increased moisture content of the fuel on the
; -nto of formation of_tho gelatinous deposits on the cadmized parts, corrosion tests
2 on the springs were run at various moisture contents of the TS-1l and T-2 fuels.
_“;- ._ 2) Puel watered by storage over s water cushion;
. ce . 3) Puel watered by ahnking vith gltat.mod vater, followed by st.ongc .
” ' over a water cushion.
. Tho eomoin action was estimated frc- the wcight. 1oas of the oprings. from . {
;: Q ~the ehlngo 1n thoir appuranco, lnd trc t.he chlngo :Ln thc lorenpun cont.mt of thc c

M; m—um cttation m pdd to t.ho t.inn of first nppunnc‘ ot t.ho gehti-
me dq:uiu cn tho cpringa, and to the amount of such dcposits. Table 4 gives
, -data at the Mght. loss of the springs.
4s vill be seen trn these data, the greatest weight loss was noted for the
muum springs, tested in the fuel ecntd.ning 0.025% mercaptan sulfur and

ntcrd by shaking with water. In this case, we noted the formation ot extensive

o - -
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W gelatinous deposits on the springs and a sharp decrsase in the mercaptan sulfur
esontent of the fuel. The chromate passivation of the cadmized springs exerted a

, * protective action but did not completely prevent the formation of the gelatinous

u doposit on the springs whea tested in this fuel,
Fuel T3-1, containing 0.01X mercaptan sulfur, causes no formation of gelatinou

1. : Table 4
v Wight Loss of Cadmized Springs (ga/m?) during the Test

Mercaptarf __ Test Conditions for Cadmized Springs

Sulfur
Content
of Origi-

Unpassivated

Fassivated

In Puel]In Puel
Shaken
\dth

ter

Over &
L e
hi

In Puel

Over a
Water

Cushion

In Fuel

Shaker.
wvith

Water

m‘mx,]

o.nl c.so' 3.44 | avsent| 023 | wus0

o
8

o ﬂ-H GOST
: §1m49)

21,00
108,60

0 3.8
62 13,57
6,01 9

0,38 1,20 .

£

-l

.
o000
=3e

8.4
1.68

S § a) In ummoistened fusl , .

" | |
w__ deposits in tests on cadmised springs in ummtered fuel, and very small amounts of

,mzummu 1n fuel watered by shaking with water. © ° .- - .« u't - . 4

;,,“{' The loss of mm. of passivated caduized springs tested in this fuel is ex- o
M -ngm nnd the oanicnt. of -praptm ‘sulfur:in:the fuel remains pfact-ical‘.\; oo s
. '“ .

+y wnchanged,

o golse 'n-.‘ wnder nthqr uvm test emduqna. when cadmised springs are tested =

h ‘1'5-1 fuel eontd.ninc 0.01% mercaptan sulfur, chromate _passivation of the springs

. :,,', ) ‘nlhll.y protects the cadmium coating and prevents the. tomtga; of ;o;at:l.noua

o dopdu oven when the fuel is strongly moistened (fuel with suspended water). Unde:

+.. . .Ahe test conditions, the corroeiveness of fuel T-2, with 0.01% mercaptan sulfur, is

rii  oimilar to, that of fuel TS-1 with the same mercaptan sulfur content. In tests with

N ]
NCL-SI/N 19

L — - -

B b L Ty

. ™ SR FEN o —



—-+oprings in a fuel fr«lof mercaptan sulfur, no formation of gelatinous dcpodu was
]

" observed. ’ L

1

FE I PR T,
.

-

Woh the weight loss of the springs and the formation of gelatinous de-

.positl takss phéo as & result of the interaction of cadnium with the mercaptans of
! .

tho fuel (directly or by way of intermediate products) forming cadmium mercaptides.
‘nnnight loces ia in pod agremment with the data on the decrsase in the mercaptan

nl.har content of the teet fuel.
The phumua precipitate removed from the cadaised springs consists of 71.5%

-fuel and 28,55 cadnium mercaptides. The following percentage data were found on
dmmmuon of the elementary composition of the cadmium mercaptides isolated from

-the mcip;utc: .

Carbon o ¢ o ¢ ¢ o o o o 467

Hydrogen ¢ ¢ ¢ ¢ o ¢ o ¢ 8.5

NIMNL ¢ 6 6 0000 0 0 16,3

Ly X !
100.0 |

It will be easily m.that the relation between the sulfur content and the
eaﬂl- econtent of the separated mercaptides is close to theoretical. To demon~

-‘ctnh the presence of cadmium mercaptides in the gchu.nm precipitate formed, the

“latter was treated with 50Z sulfuric acid, and the free mercaptans were separsted.
'hmu.mum«m the influence of water on the formation of the
:mmmiummwmmammmmmnm

:mmn.uwumupmm.mm. Spoehcuotnulncm'
.mummmmutmronoqumm-mmme 7m in
:.d-cur. amdmwuomimommmdwmmuu,um

mmmrmmummu. The cadeium specimens were tested in TS-1 v
fwel with 0.04% mercaptan sulfur under the following conditions: in fuel first drhtl t
v!.th u].eiu hydride, i.0., pnctiedb trn even of unol.nd nms in m nm .

«——-q

o

!
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—-‘ohlkcn with water and stored over a water layer.

: The cadmium specimens were tested for three months at room temperature in gl
flasks without access of air. In the moistened fuel, the formation of a large
T-o\mt. of gelatinous deposits on both cadnium specimens was observed as early as
:touo\dng day.

'f In the dehydrated fuel, the character and rate of formation of the gelatinout

‘mdum oxide had besn removed, the gohtj.no_us deposits appeared in the form of iso-
:htd points only on the tanth day of the tost.. During the next two months, the
.-ount of these deposits increased slowly, and only toward the end of the third
’nnth did it increase sharply. On the cadmium specimens coated with cadmium oxid¢
‘traces of deposits appeared only 2.5 months after the beginning of the tests.

; - Parallel with the tests of specimens of metallic cadmium, we ran the followir
:ctporincnu under similar conditions: To the fuel TS-1, first dehydrated with
tedctu hydride, small amounts of synthetically prepared hydrated cadaium oxide we
”ull!d. The hydrated cadmium oxide for the experiments was either air-dried or
- molst. In the experimeats with the moist hydrated cadaium oxide, the formation of
.ohttmo deposits was observed on its mfsco on the day following the beginning

h .

et e —cl the test. The quantity of these deposits rapidly increased. In the experiment

.:q

\

. ﬂth m air-dried lvd.nt.od cuhiv- oxide, no gelatinous deposits could de detecte

k @
m sulfur in the fuel samples was determined before and after t.ho test. Table 5

‘

9
_ glm the results, -

; . I%:will be. sean trc- these data that, in the dtlvdntod mpl, &ho lvdntod
nd- czuo reacts ocnntdonb]: tutor with the mercaptans. of the fuel t.!un

| utdnc cadnium does. The presence of water in fuel gcuuininc sercaptans accele
'jat.m reaction between the mercaptans of the mndum-mnu cadnium, as

ot. .
s ‘well as ch.o rate of formation of the gelatinous deposits.

-»
o

™ wersmn
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doponitu was entirely different. On cadmium mcinm from whose surface the cad-

s . ite M«o chrlntt.ho mnn tnt.. When thou upcrh-nt- weré m, the merecs - - : )
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’-: The formation of the gelatinous deposits on cadmium coatings, on contact with .

. {fuels containing mercaptans, may perhaps pni through the intermediate stage of
t

‘ jtm'nt.ion of hydrated cadmium oxide.

-
ow

' ~ , Table §
) Neasurement of Mercaptan Content in Fuels during the Test
’ (Mercaptan Sulfur in Original Fuel, 0,04%)

P | Mercaptan Sulfur in Fuel
O ' 4 after Test, £
t . In Fuel 1 In Nol Mois~
. Specinen of Cadnium Dried with tened by
| ’ : ' Caleciwm Shaking with
‘ Hydride Water
: Cadnium without oxide fila 0.016 0,002
| ‘ Cadaium with oxide film 0,026 0.002
: .. Alr~dvied hydrated
. agiu oxl.ao 0.001 -
b Moist hydrated cadmium oxide| 0,002 -
.
y

1. The corrosion of copper and bronse 73-21. by fuels prepared from sulfur-
-b-ﬂ.n; crudes h due prinu'il.y to the presence of mercaptans in the fuel. Ncls
l'-_ free from mercaptans show practically no corrosive action on copper and bronse
“ivmak, ‘ - | ;
’. ' 2. The presence of up to 0,002% of oi-mtax;y mlnu' in the mercaptan-

'J -=gontaining fuel TS~-1 dcu not intensify the corrosive action of this fuel cn bronse
;_ ¥B-24 but increases it sharply with respect to copper.

. 3. Muel T-2, which 1s & wide cut containing more mercaptans than fuel TS-1, has
* [} corrutn action on copper. The fact that fuel T-2 has a greater tendency to

? oomdo copper is explained by the emoidonbly greater corrosiveness of the low-
? .“molecular mercaptans contained in the 60 130°C fraction of fuel T-2.

&e The basic cause responsidble for the formation of gelatinous deposits on
Teaduised parts immersed in fuels TS-1 and T-2 from sulfur-bearing crudes is the
!
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“-J,ntorln; of the fuels in the presence of mercaptan sulfur,

g : S, With increasing content of mercaptan sulfur in the fuel (over 0.01%) the
amount of gelatinous deposits on cadmized parts sharply increases.

. 6. The chromate passivation of cadmized parts increases their resistance to the
;«fnnn action of mercaptans and completely prevents the formation of gelatinous
«}dmltto on cadmized parts in fuels T3-1 and T-2 with a mercaptan sulfur content not
; over 0,01%. o

: On th§ basis of this work it has been established that of all the metallic
uurhh used in manufacturing parts for fuel pumps, cadmium coatings are most sub-
.;Joct. to the action of mercaptans. In this connection, the mercaptan sulfur in

"fuels TS-1 and T-2 should not exceed 0.01%.
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_ ORGANIC SULFUR COMPOUNDS IN FUELS AS CORROSION INHIBITORS FOR
COPPER AND ITS ALLOYS
by
Ya.B.Chertkov, V.N.Zrelov, V.M.Shchagin
(Research Institute for Fuels and lubricants)

The corrosive action of fuels designed for use in gas-turbine engines is an
. important index of their quality. In the presence of su.lnn' compounds there is a
.considerable weight loss of copper or its alloys, of which numerous parts of the
".fuel aystem of such engines are made (Bitl.l - 7). |
" A more careful study of the questicn revealed that not all sulfur compounds
me in fuels have a.tendency to corrode metals (Bibl.8). It was established
em. elemmtary sulfur and the mercaptans beleng to the uncenditionally corrosive |
?w (3151.9. Y. )o But the earlier .morniuuen for all nruphm aho
M hueeuuto. The mpuno of anphaue otmetnro do have otrcu eom-in |
mﬂin vith mpoet t.o comr nnd ite nnoya Au ror umpum or mue a
‘Mctm, they m found to exhidbit no corrosive activity at temperatures up to
“120%, The “eoFronive utivit.y of a fuel decreases to serc as the thiol group in tho :
) u'-nue urupuns pr«out appmchu a ring structure, Por unplo, ] -tMmphthd
".ahd dithiorésoretnol, vhen present 1n’large amounts in°fiels, vill not corrode "
~~innn. wvhereas nonylmercaptan is a wwwm corrosive agent with respect to this
-4
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Tadble 1
Corrosive Action of White Spirit in the Presence of EKlementary Sulfur

P

Concsentration of Ele~] Corrosion, Deposits on_ | Surface of Bronse,
aemtary Sulfur, £ Bronse, gn/me | Magnification 80 x
Without elementary " 0.3
salfur :
0,00, 3.8
co & ° LT e v LS ~‘~ e © S e o N o o e
0,008 5,3
< o ??a : < [ fo 6 v ° o . c 6
£ ¢ = c° < © o Ay o <
cc NP o o <ko‘“ S o;“;o o
° ° ¢, 00 4 R oo © . s oo ‘ o ° e @
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, Table 2
Corrosive Activity of White Spirit in the Presence of Mercaptans
i Deposit
M
— ercaptans 2::"‘ on Surface of Bronse, -
Name Con= | - Bronse, |Magnification 80 x
Without
Mercaptans 0 0
Nonylmercaptan
(0.045) CHy(CH)SH 2.0 8.2
£ s © @ < & <° 13 oo, .Cu ° © ° e Cc
ig.q.s; . | CHMCHMCHSH | 23 [ 6% ¢ e
a-Phenylettyl- [ G ] o .
(0.045) rl\ 2,2 5,0
J :
|
[}
R




Table 2 (continued)

Mercaptans

Corro~

Deposit
on

Surfacs of Bronze,

‘ aion, Bronse, ication 80 x
Name and Con- Formula . Magnilication
centration (%) °
Bensylmercaptan ‘,:"'s"
(00“5) @ 1,9 4,3
"3':""-: )
) sH Xz cl _,’f:-}i’\:
(0.530) O o ' ’:: % ';4,‘ :} :
b "‘“%:;0:‘
- - .
a- \ °
o (0.530) . O'\J 0z | o c
¢ e : / .
(0.530) N\ o 0
(e
Wmﬂo °f ca LY o ® % oo o Y ey o 8
— —-l:-...a.an.--‘ T——— © N W




-

:.
»
2
.

sulfur and mercaptans with various chemical structures on antimony-bearing bronze.
Further study of the sulfur compounds with various chamical structures permit-

ted the conclusion that, among the sulfur-containing campounds in fuels, the corro-

sive campounds and moﬁ canpounds may also be accompanied by ccmpounds with a pro-

L s w Pt o Bagd 0

. tective anticorrosive influence on the metal.

It was noted that bronse strips after a é~hr test at 120 - 150°C and certain

~ fuels of various camposition and purpose (for example, T~1, Balu straight-run
:komau, and cracked kurosenes of certain sulfur-bearing ;mdu) become coated with
s shiny film of steely or golden color., The film is weak and can be removed
:mhnnium. Underneath the film, the netal has an undamaged and well preserved
-gurface. The metal loss in this case is nil or negligible.

It was obvicus that we had to do with a protective film formed and renewed
;'nnd-r elevated tamperature conditions as a result of chemical interaction between
:eortd.n compounds present in the fuel in very small smounts and the metal.

) Table 3 d.vn the results of a test with antimony-bearing bronsze in several

’

fuels,
The bronge protected by such a fila does not became corroded and, consequently,

dooa not lose weight, No adhrxive deposits are formed on the metal surface., More-
cnr. the presence of the film on the metal excludes the catalytic influence of
| copper under elevated temperature conditions, in the presence of atmospheric axygm,
—-oa the unstable part of the fuel, and as & result, the amount of deep oxidation
Mcto formed as insoluble sediments oharpl: decreases.
It was noted that in certain cracked kerosenes, in which the film was not
formed on the metal after addition of small amounts of nitrogen-containing com~

.
f
‘
i
3
i
-

4 corrosion of the bronse, together with the deposits, dropped to very low values.
Such an effect was accamplished at 150°C for the cracked kerosene of the Moscow and




-l

The cause of the film formation on bronze (this phencmenon was observed on

‘bronses of various grades) was apparently the presence of campounds containing sul-

fur and nitrogen,

A somevhat greater clarity was obtained on studying certain individual com-
pounds,

Table 3
Corrosive Activity of Certain Fuels on Antimony-Bearing Bronse
Duration of Test 6 hrs

Puel and Its Corrosion| Deposit
Charscterisation on Metal Remarks
o/
Test Temperature 120°C
73-1 with 0,045% mercaptans . . 7.1 1.0 | Porous, corroded metal
Cracked kerosene from Moscow surface
refinery with 0.94,% e o o 5.8 0.9 Same
Cracked kervsene from Kuybyshev
"nﬂ.ﬂ wvith 0.66‘ sulfur ., . 0 0.1 %ﬁh of atoe],y
r
t .

Cracked keIPRBos{ISuINsY .| o 0.2 | Shing film of golden
TS-1 with 0.10‘ sulfur,. ¢ « o o 0.1 o] Same

t-=run kerosene with
0 QULAT ¢ e 0 0 0 ¢ 6 0 o 0.0 005 Same ;

Test Tamperature 150°C '

78-1 with 0,045 mercaptans . . 7.5 1.2 | Porous, corroded metal
Cracked kerosene from Moscow surface
refinery with 0,94% sulfur. . . 6.l 1.0 | Same
Cracked k K hev
refinery m"ofsgﬂuﬁ?f’. . 1.1 2.2 Same
Cracked kerosene from Saratov
refinery with 0.51% sulfur. . . 0 0.2 | Shiny film of golden color
’&1 with 0.10‘ sulfur, . . o ® o” 003 Same

- th .
S LtEhtIn keroseme vith . 0.3 0.5 | 3ame

-t

Ve had svailable 1-phenyl-5~mercaptotetrazole and individual pyrasolines,

-+ ‘synthesised at Noscow State University at the laboratory of A.P.Terent'yev:

o _.{I-thioeuhnidrj,s,s-trhcﬂvlpynmnnc, l-phenyl-3,5,5~trimethylpyrazoline, and .

3-emino-1-phenylpyrsszoline,

NCL-5T9N
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]
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-4"_' These compounds were added to fuel T3-1, which was highly corrosive because of

- the presence of a considerable amount of mercaptans (0.045%). The l-phenyl-5-
: j--cu'eapt.ot.ot.x-nzoJ.e was added to the fuel in an amount of 0.005%, and the remaining

.. Table 4

1 | Corrosive Activity of Fuel in Presence of Individual Hydrocarbons
Corrosion| Deposit | Precipitate
Addition Forsula of Bronze| . on |Insoluble in
on/n2 Bronge Fuels,
o/n? | =g/100 mg
Without additives
: 7.4 1.6 17,4
=phenyl-5-gerca ,— ' . .
t&uzolﬁ giT \= / —k: ::- St 0.3 0,3 2,8
N N ‘
\N/
lzgh%:cﬁ:trinogl;l- Clly C-CH, 0,5 0,3 1,5
pyrtzolino (0.01%) 4 | /G
N/ 1y
1
.. ?-S
B 1-phenyl-3,5,5~tri- ‘cu c rg:. . os
i - 3. . 0.7
?;:.:,wl azoline N - /'CI . 5 |
N C\CI !
| Yoo | |
.- ' . !
.. h~smino~-1-phenyl- Cdly ‘ i
. pyrasoline (0.01%) l'lll.—(':‘--Nll. 7.0 0.5 1o .
CHy N '
¥
Q". ' i

compounds in an amount of 0.C1% each, The md was then tested for its tendency to
—con-odo antimony-bearing bronse under standard conditions (6 hrs, 120°C). |
' Table & dv« the results of the tests. : /’
The formation of a glossy film was observed on testing a fuel with l-phenyl-5-
-nmptotctnuh and l-thloelrbntde-3.5.5-trhotlv1pynzonno. Such a film wvas
, oburv?d in the other cases. |

e

.' u»l R ‘-‘*Q““'
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"7'. From the data given in Table 4 one may, with a certain amount of caution, draw
" & preliminary conclusion. : R
" the sharp decresase in the amount of insoluble sediment in the fuel can be ex-

jphhml as due to a "coating” of the brongse surface by the film, as a result of
.which the catalytic action of copper on the oxidation process of the fuel nempt.ans
'md other unstable camponents was prevented,

In this connection, the amount of adhesive deposit on the metal sharply de-
‘cnu‘d‘. Better results in corrosion pmcm;ion and the formation of a protective

16
- £41m were shown by compounds which, in general, consisted of a heterocyclic ring,

1=

-characterised by the presence of several nitrogen atoms in the ring, and of sulfur,

[
-

. ‘l'ho nitrogen atoms are directly linked to each other, while the sulfur is attached
- tc the ring in the form of a thiocl group or over a double dond, Such a heterocycle
w exist in combination with the aromatic ring.
' Of course, these data are far fram sufficient to allow the assertion that the
.- .‘ jtomucn of a protective film on bronse is due only to the presence of compounds of
this structure in the fuel. However, in connection with the complexity of the
' question, this assumption was adopted as a preliminary hypothesis, in view of the
. .M that such compounds may, in principle, be present in fuels in mmall amounts.
" & certain ‘elarification may be achieved by studying the non=hydrocasbon compo-- . -
-m- of the fuels. |
B so O the nﬂun. porucn ‘of ‘the cuckodkommu produced tm Baku and Eutcm
'; -qrwdes was separated chramatographically on nmca gel. These uphnuc lub.uncn
‘ Tt lwere cllrutorhd by: high nitrogen, sulfur, and oxum. .The portion of the
Celaiiet e uphdue ‘substances was. treated with a e u.lcohonc alkall solution and vacwum- .
k - PR -cmm-a. Mumdmnwmtom”pmzmdiunﬂtnlprucn )
- ‘whdch ancunted to 93 = 95% of the total. ‘ |
~ mmumumewmmum«uwmmmumt
MMaumm.nMamuemidorthntuoemnuvuhs

-8 R
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+the asphaltic compounds was likewise characteriszed by a high sulfur and nitrogen

.

- -

*y

OO*

Tadle §
Elementary Composition of Asphaltic Substances in Fuels, %

content. Table 5 gives the elementary coamposition of these compounds,

: 0 Dif-
Cracked Kerosene c B ] | gﬁ’.’.‘“)
Baku refinery 80,34 9.44 ! 0,9 ‘ 2,73 8.57
Moscow refinery .4 92.% |, & 1.13 8,27
Kuybyshev refinery 75.13 233 | 5.0 1.00 9.3
Saratov refinery 77.% 9.8 ‘ 4,11 1.23 7.55

To test the hypothesis that tho asphaltic substances of the fuels contain
m‘l.nu' and nitrogen-bearing compounds of heterocyclic structure, in the presence of

Tadle 6

Effect of Total Asphaltic ACW from Cracked Kerosenes on
the Formation of Glossy Films on Bronse at 120°C

‘which a protective film is formed at elevated temperatures on bronse, we ren tutl

rrosion

Total Asphalts Added to D‘Pg:é:- Surf, P
3 Bronse{on se ace o

o Peel 7S5-1 p/n2 /a2 Metal

Noaddition ¢ ¢ o ¢ ¢ ¢ ¢ 0 « - 1.4 1.1 m.
Cracked kerosene from Baku refinery| 0.m 0.8 0.4 } corroded
Cracked kerosene from Moscow % oM 1.8 (X
Cracked kerceene from Kuybyshev ® 0o 1,0 0,2
Cracked kercsene from Saratov » 0.0 1.3 0.8 Golden film
Cracked keroeene from Kuybyshev ® #| 0,01 0.3 0,2

* A o .
- - _;_/’

-mhnmulﬂfc.bmuotmm.

«of the most corrveive fuel, TS-1, with added asphalts from cracked kerosenes. The

~.test eonditions were the same as those already described: testing time 6 hre, tem- :
|

[ —

j_'Jthiol group could have remained in the neutral portion. Yet, the neutral portion of
!

PR e T
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. - The testing of fuel mixed with 0.01 = 0.02% of neutral asphalts, separated

.
- !

i from the cracked kerosenes produced by the Moscow, Kuybyshev, and Saratov refiner~
. "1es showed that although the metal loss and the e.po_.it on the metal decreased to
" Mt. half, neo glqny film wvas formed,
An entirely different picture was obeerved when certain total asphalts, not

. .
"

o { treated with alkali, were added. In their presence, the formation of a shiny
, - @olden~colored film on the surface of the bronze was cbserved (see Table 6).

1% . concluaiona
"

Based on the data obtained, the following preliminary conclusions may be drawn,

-which will be refined as the work continues.

-.n amounts, are able to intouct. with copper and copper alloys, forming a shiny
i .~ea the unstable portion of the fuel in an oxidiszing medium at high temperatures.
2. There 13 reason to believe that these campounds are of heterocyclic struc-
;tun. with one nitrogen atom or with several nitrogen atoms linked to each other.
-:'ﬂn thiol group or sulfur atom is attached to the carbon of the ring. The
-3Mu'oqcnc ring may bde conjugated with the bensene ring.

3. The effectiveness of such campounds in the asphaltic portion of a fuel de~

3
‘0" .

.., ‘pends cn their amount, on the presence of varicus other compounds which are corro~

" _aive or, by virtue of their inertness, simply lover their concentration, and also
m on the t-pontm conditions under which the process takes place.

-- t.mmmemm-mh,mrmpno:m.mmm.
v-l.bhto form a "protective® film on the surface of copper or iu.ullcys. This vill
’udtmuodnhrgwuomtofmtorthomunotmdamu

,'-,tln ease today.

-

MCL-5TIN L 3 el

1. The non-hydrocarbon part of certain fuels contains compounds which, in very

~+protective film which prevents the corrosion of metal, and also its catalytic action
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B , THE EFFECT OF ORGANIC SULFUR COMPOUNDS ON THE LOW-TEMPERATURE
1. mmm AND OXIDIZABILITY OF KEROSENE~GASOIL FRACTIONS

13 2 \ by
In . xo‘ommlht‘,ﬂ. BOVOI‘.“". !‘oP.SOhl". M.G.2Zaychik
o (Research Institute for Fuels and lubricants)

The increasing use of sulfur-bearing fuels and the experience accumlated as to
oy thdr peculiarities, have raised nny questions that need profound study.
The specific nature of Diesel fuels produced from Ural-Volga crudes is ex-
ﬂdmd by their chemical composition, which is characterized by a high contcnt of
pnfﬁnlc and arceatic hydrocarbons and a relatively hiszh content of sulfur com-

- -pounds, which reaches 5.~ 7%.
The study of the effect of the cancentration and structure of sulfur eapotmds

H .

30

1 Y

] -»'u the low-temperature properties and oxidisability of the fuels containing such
- ~ow- occupies an important position in solving the problem of a rational

lt.ﬂhlucn of m.'l.m:hburl.ng fuels, ‘ i

o
/

e
-
- .
PP .

o ° 'ﬂnh'-t-pmtm- properties of Diesel fuels are of interest to practical

ner -workers primarily with "‘“"‘ to their pumping quality. mtﬂlluy is a very
- -important parameter, -ano the supply of a precisely predetermined amount of fuel to

cho eombustion chamber ot a Diesel engine is one of the fundamental eounum tor

."’ -

~~1u stadle aml mlntomptod operation, ‘!‘bu problem of pumping mnty for lo:t

'
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3«' biuol fuels arises only in the region of temperatures below 0°C. Being a function
it iof chemical camposition, the pumping quality of dry fuels, from the physicochemical
? jpoint. of view, may be characterised by their viscoaity, pour point and cloud point.
’ :In evaluating the concept of pumping q\nﬂ.ty, one must distinguish pipe pumping

z .quality and puping quality through the filters of the engine fuel system. Pipe

‘ puping quality is a function of the fluidity of a fuel at low temperatures and may
(0 ' Table 1

f; Low-Temperature Properties of Eastern Diesel Fuels

s . '

; : Fuel w

; h@otor a) 20552 ™ | 22;325’ w;_'n;’ \dth '(Zﬁ;ﬁm)

:' Boiling range, °C .| uw w0 B :w: 1o I'.N: T a2 :L'M. S

Clowd point, € oo & =~ &« w7 ST

:: m,cm&‘g ¢ (Cota’ 1 15 ] : K : T ; x5 i
m:’.:“‘u-am" IR 1
’ . Lof fuel o ¢ o o o] o Abu:t.’ wNt 1 i Absent

Y. . Aromatie ! g :
- el | o amm e e |

a) Krasnokamsk fuel mixed with other fuels from Eastern crudes

‘be characterised by its ﬁscuity and pour point., The cloud point, fixed as tho.
instant of crystallisation and precipitation of s01id hydrocarbons from a fuel, is

| ‘wnsuitable for estimating pumping quality through pipes. To estimate the pmping

4 fqnl.ity through filters, the cloud point is very important eluuetcrim, as it
dooc. the m&. ot the fuel at which the throughput of the filter clnmto may de-

3' ‘orease. m.m fuels with high naphthenic or aromatic hydrocarbons and low methane
v"’zm, including hydrocarbons which are solid at low temperstures, are rather

¥,

B TN nv‘).}xi
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no
f" },Muol fuels, with 5 = 8% of polar molecules of sulfur ccapounds, depends not only
;' al the content of solid hydrocarbons but also on the content of sulfur compounds,
@ 'und apparently also on their structure.
! Table 1 gives the low-temperature properties of Diesel fuels and their content
n -of sulfur and aromatic hydrocarbons,
It 18 obvious that the cloud and pour points of the samples studied depend not
-.: .only on the content of solid hydrocarbons but also on that of sulfur sompounds, For
‘ .‘ .;c-ph, the axperimental Dissel fuel with NXZ, containing 1.68% solid hydrocarbons
’ .‘: .IM 1.25% sulfur, solidifies at -19°C, whereas the Diesel fuel per VIU 488-53, con-
- . ;‘ . -taining 0.84% wax (after Zalosetskiy) and almost the same amount of aromatic hydro-
- v carbons as the experimental fuel, but also containing 0,76% of bound sulfur, solidi-
? . 4; .fles at =139C, A certain influence of arcmatic hydrocarbons, owing to the presmco
e e ?f a ﬁohl ot torec vh!.ch uppratth mnnncu tho turramding lubstanco, 1s l.ho
‘ 8Ot excluded. This may be noted in caaparing the properties of Krasnokamsk fuel
: . 1’-:’: vnh M por ‘I'U 305-1.2 Thon moh. uhlch havo A].-ont tho 3-0 pour and chud
40 ’dau. ecnh.i.n ahoat oqml uounta ot ad.!\u' e-pounda Nt. dﬂ'tor cm-idonb]: 1n
it outnt of solid and arcmatic hydrocarbons. Apparently, the polar sulfur compounds |
and emd.ud muc lvdmcarba\s. like the uphnltic mbot.mcu, favor the ap~
» ’.‘" m of d.ohlu of ‘solid’ lvdrowbem and. pnnnu.n; the romuon ot a -
Faooee ” “structure, retain them in the fuel in the suspended -hu. Trom this’ pofit of view, °
o umbommhtdunt.mdummmmtornmmm‘lm
© hvo a better pumpadility through pipes at higher contents of sulfur cnpounds and
. u'unuc lv&uarbem Mm];. the oftoet. of mlnu' eapoundl 1- grutor thll-l-«
e

s

q“.

-«:nn pamped through pipes and through the filter elements of an engine. They are
: usually characterised by low pour and cloud points. For low-sulfur fuels, the basi¢
- eriterion which determines the pumping quality is the content of solid hydrocarbons,

n -which s reflected in the pour point and iho cloud point. The situation for sulfur-

«=bearing fuels {s different. The low-temperature properties of sulfur-bearing

”5”/’ . : 36 o | J
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--that of the aromatic hydrocarbons,.

2

\ ‘ However, pipe pumping quality is of ucondary importance in Diesel operation.
It is far more irportant for operating purposes to have a fuel with good pumping

. . . “L - r
. * :t. :*-Jb-drcdb..[:’[
" P | V“ N .‘JF~.+-‘
, . " s"t"\‘ ’
o 2 7 1ot e
[E " oy 'r '
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~, ‘: nay Y % b
. Y 52
' N0 N -w -0 -w
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: Fig.l - Discharge and Pressure Versus Temperaturs in
£ Pumping Diesel Fuels on a Laboratory Pumping Stand

" 1 - Diesel fuel per GOST 305-42; 2 - Krasnokamsk Diesel fuel;
3 = Diesel per D2-TU 569=55; = - = Machn-‘gmo‘5 1tr/uin;

¥ . w——e Pressure before filter, kg/ _
v a) Pressure before filters, atm; b) Temperature, °C; '
N ¢) Discharge, ltr/min

K '@Anty through the filter elements. Diesel fuels produced from Eastern érudu,

¥ -.containing an appreciable amount of solid hydrocarbons and of wulfur campounds and '

j'"‘”u'nluc molecules that favor their aggregation, possess a poorsr low-temperature |

' .p-'ping quality for filter elmments. The experimental evaluation of the pumping

~ -quality of sulfur-bearing Diesel fuels,made on a laboratory stand with a filter

;’f -leﬂ from ."zn-_s engine, with felt filter elments, has shown that the pumping of

’ the cxperimental ssmples falls sharply -ct pumping temperatures corresponding to the !
chul point o!' the test unplu. On this stand, we estimated the pressure rise in
ﬁ'ent of the tntor and tho filtering power of the filter when constant pressure was
u:l.ntdmd in front of it. The ‘experinents showed & sharp increase in pressure be-

- fm the filters and o doemu in filtering power, noted several minutes after the

.temperaturé of the fuel had dropped to the cloud point. Pigures 1 and 2 show the - .

'
- . -
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results of the experiments,

In the light of the above it is not without interest to recall certain other

features of sulfur-bearing Diesel fuels that have recently been discovered. In scme

LN

cases, after prolonged storage of sulfur-bsaring Diesel fuels in tanks and reser-

‘voin, at temperatures above 0°C, a layer of solid porous wax was found floating on

1,

Y T T
qm-h-nm fuel with m, containing 1.65% of wax (after zum.mz;) and '1.25% of |

.]n

- 3= T T2 31
0

e X )

(2
a8 ¢)
ge
&4
\
A}
‘. K -0 -4

Fig.2 = Curves of the Temperature
Dependence of the Discharge and
Pressure in Pumping Fuels on a

hboutory Pu-ptng Stand

1 Mud fuel per "GOST LM9-49;
2 = Diessl fuel per VTU 488-53;
3 =~ Diesel fuel from Novo
< - Kuybyshev refinery; S = 1.255. .
e Pressure defore
filter, kg/cm?

.) Pressure before filter, atm;
° - BY Temperature, °C; c) Die=
i @, ‘charge, ltr/min St

thi surface. No similar phenomenon was
encountered in the storage even of gulfur-
=free summer fuels with a consideradble
amount of solid hydrocarbons.

In B.V.losikov's opinion, this phe-
nomenon is due to the formation of con-
glomerates of solid hydrocarbons on drain-
ing the cold fuel; such conglomerates are
not interconnected, owing to the influence
of the sulfur ccnpc;unda, and are thps
attracted to the surface by the air en-

trained on addition or remcval of fuei, . . .

The conglomerates of solid hydrocarbons

nonun‘ on.the surfncc trnu ata }w

PN
¢

t-poutun. opnting thc mol, nnd fom

a solid porous cake floating on the sur-

n«. ‘A prolhimry upcrhmul check
p«-romd by & brief blmhmgh of the

.nl.!\\r. which had been cooled to =12°C, followed by further cooling for § - 7 hrs

i

. .
J2-¢

»”
ap

A

N

I )

‘s

1V S

' to =20 and -30°C, showed that foam, which did not disintegrate at a temperature

.utl examined for wax (after Zalosetskiy, Bidbl.l) and pour point. We found that the

.of *15°C, collected on the surface of the mol. The porous mass removed was melted

'
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0 ‘ . ,
:Jm after Zalosetskiy in the melted foam was L - 6 times as high as its content in

thc fuel, and that the pour point ranged fram 20 to 22°C (the pour point of thc fuel
-was =19°C).

(13

" - Cheutcal Stabtitty

€

+
.
!

e
- .

-eupodt.ion without change during prolonged storage in contact with air under vari-

The chemical stability of fuels characterizes their power to maintain their
4 .
-ous climatic conditions. The resistance of petroleum products to the action of
:atnosphirie ‘ongm. as shown by nny investigators (Bibl.2 - 5), depends on their
'-olocnhr weight and chemical composition.

Ko reliable data are today availadble on the behavior of Diesel fuels of varying
:chemical composition during prolongod storage, in various holders and packages.
~: To elucidate the effect of the concentration of organic sulfur compounds, we
.ran eaxperiments on the artificial aging of sulfur-bearing Diesel fuels in the
. prumco of iron And copper, The kinetics of the oxidative processes during thair

tnithl stage wvas invostigltod.
Three samples of Ranshkin gasoil and two spccinnns of Tuymazy gasoil were

5 oxidised. To elucidate the influence of organic sulfur, it was necessary to have

-'fuels with the same hydrocarbon composition and different content of sulfur cam-
-pounds. PFor this purpose, the original Ramashikin gasoil, containing 0.62% sulfur

N | O

. -(sample No,1), was twice desulfurized. After the first superficial desulfurising

: mr lmel gel, the gn@ contained 0,328 sulfur whersss after its oxidation by
—Hay0p at 60°C, followed by chromatographic separation of the oxidation products, it l
-omtdnd no sulfur (sample No.3). The Tuymasy specimens were straight-run distil-
-htu. original and after hydrofining. The original distillate contained 0.96%
-sulfur, and the lvdroﬂnod distillate 0,045, Table 2 gives the charscteristics of
‘the uuoth studied,
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"—1 oxygen flow rate  of 6 ltr/hr for 10 hrs. In all cases, two parallel oxidation
: experiments were run under the same conditions. Samples (2 - 3 gm) were taken .
- during the experiments from the product being oxidized, and their acid numbers,

. Table 2

e 1 Characteristics of Gasoils Studied
T
H ~ _Pysical and Chenical sp.:zzﬁ?:on Smcgeg‘;:§1
16 Properties and Chemical : '
g Camposition 1 |2 |3 s | s

L ] l
vy 0, %C sececes’ L) :l.‘". 14 tl. { ORI <. DK T & T} : 28 X
o n.,.n,.ﬂi’%‘ ‘... U T TR TE O TR .o.! WM e N
4 "“‘“‘1"“ index, nf0 se0’ |.t.'.su' LT TR u-n' R T
= Actusl gum, mg/100 ml ..o ; ) ‘
“4 Toﬂl nul.hu', 4 sscsescse  NEI D wene " ‘l'- 1"n4
* n-\ur, l\ll!\lr, ‘ seee (IR LU Abgend
4 ° [ ¢ 1] ou]..fidc, ‘ eseee J . .
- . llcmpuns ’ [XXTYTYYYY Y 0,02 x Aeng nong ' "N, nong
. . almd“. i secesscascsees | 0.2% - I . 4 (1% & 1] -
- D!.l\llﬂ.dn. %L ceccccccses 0 2 ! 0,005 . ' 0.2 .
. Residual sulfur, 3 ceeeee ' o1 ’ T Y LI T BT 11}
10 . Acidity, mg KOH/100 ml .. ] . L X

' Amu;mrourbons, £ A -
32 . Iodine I ccecccncoce { LUK YR -— — ! — ’ —
:""L. T e 0 cn‘ ° g 9 ® S - ° e . % e 8 f - T S f o L e
—_ Mo unbm, Iudnvl m-bcra. and saponification mumbers were potmtimet.ri-

( .
e cm:;mm-c(sm,é. Ne oL e Lo o

o' After 10 h=s of oxidation, the netm:l om was dot.ou:lnod in nn unplos. The
Q-ylu of M-ny gasoil were o:d.dhed 1n a ghn bulb at 1oo°c at an d.bnow
nto ot 1o 1tr/hr tor 1. 3. 6. 9. lnd 12 hn. Thc opueal dmnity, vhich vas ccmo

4a-

M u . Mcuon o{‘ tho uect-ahuon ot uphlluc uubst.mcu. vas -cuund 1n. q

© oo“.v ° “ o

-~

‘s-.-tho cﬂﬂud opoch-u by a phot.ooloctric eo].orhot.or, and tho acmt.y was -umod

m-_,muedh. Figures 3 -~ 7 give all the experimental results.
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| . '
‘.'4' Romashkin gasoil (Fig.3), the substant!al difference in their character will be

\ ;uoih noted.*
1
» The accumlation of peroxides during the oxidation of specimen No.l, at least

y ! 20
L Y]
' ’ 1) - -
N 3
(- 2
b 10
. as
a8}
) . &y
. Q2
: 0
' 4
. rig.3 - Variation in Peroxide Numbers with Time
by (See Footnote on p.31)
I~ 1 and 1a - Sample with 0.6X% of sulfur; 2 - 0,32% sulfur;
y 3 = Desullurised sample

a) Peroxide mmber; b) Hours

1 up to the maximm which occurred after 8 krs of oxidation, is linear, which is not
' {

! s j:‘ characteristic property of autocatalytic processes. i
?-. During the oxidation of sample No.2, an inflection in the curve occurred after
" I. hrs of axidation, and the character m clearly autocatalytic, whereas the in-

2 . erease in the amount of peroxides after L hrs of axidation vas very rapid.

0 . The sccumilation of‘ peroxides in sample No.3 takes place along a curve indica-
‘ ung the mtogatd;\lc course of the process, dut less intensely than during the
?f“odhuon of .l_-plo No.2. During almost 8 hrs of oxidation, the absolute cuantity

L

0 of peraxide on any stage of the oxidation of this sample vas less than during the

1
H

2

{-.curves 1 by the initial values (respectively) of the percxide, acid, and hydroxyl
‘ ‘mmbers, u‘nd the saponification numbers determined in sample No.l before oxidation.

3
M
3

-5 ® Carves 1a in Figs.3 - 6 were obtained by shifting the points of the experimental -




‘ 1) B
- -qxidation of the other gasoil (samples Mos.l and 2). To judge from the slope of the
v

curve, the mean rate of accumlation of peroxides was higher in sample No.3 than in

, ‘ ml. No.l.
If organic sulfur has antioxidant properties, ther. the increase in the rate of

- peroxide accumilation with decreasing sulfur content was entirely regular. But the
‘cause of the difference in the character of the kinetic curves of peroxide accumla-

o .uul remains unexplained. For example, on oxidation of sample No.2 the maximunm

W -emount of peroxides is formed, but the inflection of the curve takes place, not

o lﬁ.or 8 hrs as in sample No.]l, but twice as fast. In the case of the desulfurized
-kerosene (sample No.3}) the peroxide accumulation curve has no inflection and is

T3 Y

-

considerably flatter than the curve of sample No.2. The peroxide accumulation cu.ve

-

in n.pio No.l 1s not of autocatalytic character, and the absolute amount of perox-
-ides during almost 7 hrs of its oxidation is higher than that of sample No.3. To

R D
cphtn the duromcn in the kinetics of peroxide accumulation on ox'dation of
M |

tln« samples of gasoil, the following considerations may be proposed: At low con-
centrations of organic sulfur (ssmple No.2) peroxide compounds are formed not only

¢ 14 by oxidation of the Mo. but also by oxidation of the sulfur compounds.

30

. mm, at a certain itqo. on decamposition of the primary oxygen campound
o e . ot organic sulfur, substances are formed that readily react with t.ho pom:d.doa md o

e
. ‘ - h this wvay d-cnuo their concentration, If the sulfur conewtnuon is high, then
el e m formation’ ct ﬂb-t.meos Teadily reacting with the peroxides procesds rnpi.d].r. :

-and thedr mtnucn 1s sufficient; consequently, the hydrocarbon poroxldn “
rmwmaumm-ummunuumumm mlm.ut.o. In

a

% . .
‘this case, tbo t.otd ponddo ecncc-tnual 1. tho rnultmt of two processes. “The

htkrmonpboob«ndmcupﬂuﬁnmehnefzmmwmdo
u—huaula.-pholoo.luulz. mmofmwomrorm
lo.) has no -ui-. which is cnu.roly nhiuibh undu- the lnd euunum of s

- s

\rht cd.htun. even in tho absence of mucddmto. The smooth rise in the quan-

-
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1

o tity of pe~oxides for the desulfurized gasoils indicates the relatively low conver-
1] '

-

.sion of the peroxides, if it takes place without interference of extraneous factors.
| )
The fact thal the rate of accumulation of peroxides in the latter case is higher

T

:thnn during the oxidation of sample No.l,‘md that in a nmumber of oxidation stages .
. their absolute value is lower than in sample Ko,l, i{s explained by the fact that in

. .
KA

Su-pln Nos.l and 2 the sources of peruxide formation are the hydrocarb.. < lncl
:n].thr compounds, while in sample No.3 the only such sources are hydrocarbons.
) i

" Kinstica of Formation of Acid Subatancea

"

As will be seen froam Fig.L, the accumilation of acid substances in all cases is
| linesr. The original samples Nos.2

| ;% bl . and 3 had'no acidity before axidation.
: : § | - ;"' ) The acidity of sample No.l before |
b :‘ #"’A-' / oxidation was 0.2 mg. For convenience
0 . :: :7 - < J g of comparison of the kinetics of oxida-
. Py > - + % <) tion of these samples of gasoil, the

howrs second curve (1a) has been constructed,

- Fig.h ~ Kinetics of Variation in the with the original value of the acid
B‘--; Content of Acid Substances in Sam-

- ples of Gesoil from Romashkin Cruue number subtracted from all values of
T (See Footnote on p.31):

the acid mmbers found. The slopes of
V. 1 and la - Specimen with 0,622 of
. sulfur; 2 = 0,32 S; 3 ~ Desul- the kinetic curves are different. The
. furised sample

X , smallest slope is formed by the curve
of sample 2, the intermediate position is occupied by the curve of desulfurized
.uou. vhile the highest rate of formstion of acid campounds is for the original
Mo Apparently, the cause for tho increase in acidity found on oxidation of
mlo.lmntmthowm!.euwfulduannltolthocd.dltionof
lvdroeubau but also the acid -ubntmcu formed on oxidation of olqcnury lulmr
mdcfmlo mmm ‘l’horohofd-mury ulmrudlmcmnni-

- p———

— .
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: }ntd if we compare .thc kinetic curve of the original and desulfurized Romashkin
l and Tuymasy gasoils. The Tuymasy sulfur-bearing gasoil (Fig.ia) (sample No.l) which

,g H
. :
l

6 .

)

(1 L]
o

M-é ey

¥

@
-

1 84
' o

: H.g.lol = Variation in Acid Number of Gasoil from Tuymazy Crude
2 before and after Hydrofining

o A - Semple befors hydrofining, S = 0,96%; 5 - Specimen

oy after hydrofining, S = 0.04%

2 "dld not contain elementary sulfur, had a lower acidity at all stages of oxidation
b BN

) 30 -:

g z .
\ ;

N

36_!
B

:‘H_;"o oo ik . o
a 3

-1
!

. 9
. m.s = Kinetics of Formation of Hydnnl-Ccntdnin( anbotancu
U L (Sn Footnote.an p.31)z . . ;
“.1 A . Y § h Sample with 0.62% S; 2 = 0.323 8§ . Lo e
.':00—7 ) o 3 = Desulfurised -qlo °
A ° c o, C_H“ o B c%e ¢ 1 © ofercets o .) e 1. - 3 b) Tee BT o c® 0 N ° 3 '
=
¢

© 51 :than the desulfurised gasoll of sesple No.S. . N
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- |Kinetics of Formation of Hvdroxs1-Containing Subatancea

. ———

-

PSR

In considering the kinetics of accumulation of Wl-conhhﬂng substances
- (P1g.5), our attention is struck by the radical difference in the kinetic curve of
? ;o-plc No.l. The accumlation of rzjdm:ql-foming substances here is linear, which
"~ Ei.ndutu a retarding process, but the rate of their formation is considerably
udnr than that in sample No.2.
: The center curve (sample No.3) has a distinctly sutocatalytic elnnctor. The
-:ntc of formation of hydroxyl-containing substances on axidation of desulfurized
gas oil in the last analysis becomes the highest of all.
.o The causes of this phencmena are evidently as follows: During oxidation of the
-desulfurized gasoil, the process proceeds autocatalytically, and the accumulation
of hydroxyl-containing substances depends only on the process conditions and the
'mmm composition of the test gasoil. The addition of a mall quantity of
ulhnpeontdning compounds modifies the character of the conversion of peroxides.

0.
m reaction of condensation begins to predominate over the reaction of decomposition,

- A

: -~ -and a3 & result the absolute quantity and rate of accumulation of hydroxyl-containing
| M:;ublcmeu decreases, _

3 oy | At constderable quantities of sulfur compounds, especislly of the wilfide type,
" .sn oxidative decomposition of peroxides (B1b1.10), with formation of hydroxyl-

-containing organic -ohculu, is apparently possidle. This is obvicusly the cause .
» eot the peculiar character of accumilation of these substances M.ng the oxidatign
b —'!ofpnn(-tho.l)o Tt must be noted that aleo this curve should be shifted in
| . . tho umm of the adscissa axis, since a sall quantity of hydroxyl-containing

-botmu. which we at first neglected, was present in the original s-ph. even

r_ -before the begimning of cxidation in the metor.

.
o
4

i

«:- - Seponifiable substances are formed to a considerable extent as a result of the -

? '
g oo W J
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interaction of acid and hydroxyl-containing substances. It is interesting to note
o that the character of the curve for suph' No.l (Pig.6) is to same extent connected
¢ L
"
¢ ' &
) ‘ 10
1o “ 7
|
o py L HY
[ . { ‘{‘
T u 7
: Lo 7
(. 7] o
. y ) r//
™ a 0y ;’11
= : :: q' {or‘ 2
. R "
2 . — J
24 & “
(L
T [7)4
o ’ ;) j ’ W heurs
' . Pig.6 - Kinetics of Variation of Saponifiable Substancn
(See Footnote on p.31):
2
¢ .. 1 and 1a - Specimen with 0.62% 8; 2 - 0.32¢ S;
N 3 = Desulfurised sample
MU .o .. 8) Seolfication value: b b
EO » L
- with the character of the curve of the rqdroql mumbers ror tho same gasoil, The
-uu, ..
“ 7, 1inear ehlrteur of ‘the’ curve of- aec\-\thuon of to'dro:ql-emhinln‘ aubsuncu e
5. :
. .exerts sn influence on the form of t.ho curves of accumilation of the uponin;bh
14 . '
e ﬁm Ammu: hcn. too, the role of the qeid eupound: formed during oxi
"

2 e -‘hum of various compounds is not mludd. It 1: precisely for this rmcn t.hat. .

"

.'ull
aqlo No.l. The retardation of the reaction of decomposition of the peroxide com~

» o im due to the sulfur compounds during ondnuen of ouplo No.2, vluch led to a
'8‘.:.‘.., eentent of acid and hydroxyl compounds then 1n sanples Noe.l and 3, -rmu

14

¢ w2

39 xcx.-m/v

~ . .the Md quantity of saponifiable aubnuncu is’ n:d.-n for. all oxidation stages o e




-

-‘mt.unny lead to lower velocities in the formation of saponifiable substances dur-

. !dng the oxidation of gasoil No.2 than during the oxidation of samples Nos.l and 3.
The kinetics of accumulation of saponithblc substances during the oxidation of

tho desulfurized gasoil No.3 depends only on its hydrocarbon content and is directly

rohtod to tho character of the accumulation of acid and tqdro:ql—contdning sub-
Mcos during oxidation.

AN

' ﬁnﬁm&:m
~ The kinetics of gum formation during the axidation of Romashkin gasoil was not
iinvestigated, owing to the lack of a simple and reliabdle micro-method of determining

. : : Table 3

1 Actual Gua in Original and Oxidized Samples of Romashkin Gasoil

o'l

e Actual Gum,

" - Specimen ng/100 ml

Lo No, Before After !

0. Oxidation | Oxidation |

2 L.(3 - 0.628) % 15 !

. ‘2 (S = 0.,32)] none U3 ’
- 3 (desulfur- none a, : i

o : ‘

o tbo condensation products; nevertheless, after oxidation of the substrate, we did

iavuunto the actual gum (cf. Table 3). It was found here that the maximum amount

. otpmfcmdmnnmmtdnmmw This latter circumstancs
. o

il_- was manifested with particular distinctness in considering the kinetic curves of
]
nrhucu in the optical desity of sulfur-bearing and desulfurized ‘hmaq mo:l.h

‘n" ‘. ("-‘07)0 .

I 4  Unded relatively mild oxidation conditions, the gum formation in gasoil contain-

'

- '!u 0.0L% sulfur was very npd.d]: roundod and mcuan.y failed to proeood at m

{
1
11

—

- 'Mﬂn(‘ 9 m of cddaucn. Ql tho othor hlnd, tho nlmpeonmnm poou prcp-n-
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-
- ' “«‘ sively accumulates gumy substances. Taking due cognizance of the presence of a
A . .qertain amount of gum in the original Romashkin gasoil, we may consider that the
, A relatively small aacunt of sulfur com-
¢ ’ . pounds (0.32%) effectively favors the
| i ~ process of conversion of the peroxides,
. : which is directed toward condensation
e and, consequently, also toward gun forma-
0 tion.
LA ] J ; s n
, . b) Starting out from this, it is pos-
" .
. Pige7 = Kinetics of Variation of Opti~ sidle to postulate that theore should
o cal Density of Gas Oils from Tuymasy
. Crude before and after Hydrofining exist a "threshold” of sulfur concentra-
B on their Oxidation
tion, which, when sxceeded, no longer
Y4 . &4 = Puel before hydrofining; 5 - Fuel
v after hydrofining leads to effective gum formation. On the
iy )]
a) Optical density; b) Hours other hand, apparently, for the develop-
e ~
Yo . - ; ment of processes of gum formation, a
L LI o
1n -high concentration of sulfur ecampounds is not necessary, and all that is necessary
1 4y 18 that their content shall be sufficlent to interact with most of the percxide ccm-
4 POUnds formed during axidation of the hydrocarbons. -
: f llateo 1% is clear that the value of the "thruhold" ot g\n tomtion tor t.hc
e unecutnuon or annu- eupoundn 10 dcpandmt on '.ho lvdrocu-bon capoaitim ot tho
& g e w’ R <, % oo - o ‘
‘ ’ paou mdcr at.wdy und undmbtodl,y .ho on t.hc otmcturo of tho aulnu- cupaunds.
A
.14 The Effect of Guma Contained in the Original Gasoil | . ‘
(,‘v'}' : e ' ‘c ( )

-plunctor of the axidative process.
From & comparison of the kinetic cum obtained by oxidation of sample Nos.l

[ A
D - e co— - - o

- and 2, and tho amounts of actual gum dct.oni.nod in the oxidiud suplu. 1t v.ln be

e e mam s ..

-
-—

. . . .

- 00-L. - : . . . .

(Ia connection with the literaturs considerations on the antioxidant action of
g\-nko ubomen. it 1s up«umt. to evaluate thd.r {nfluence on’ the kinetics and -

4 e ebma—a. s
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.ielur that the maximum amount of products of oxidative decomposition appear in the

an-cmuhu.u sanple No,1, and the actual gum found in the degumed and oxidisea
u-plo No.2 even exceeds that of the newly formed gum in the oxidized szaple No.l.
At the same time, a camparison of the results during the oxidation of the do—
g-od samples Nos.2 and 3 (sulfur-containing and sulfur-free, roapoeunly) con-

, 'vinemly shows the influence of sulfur-bearing substances, but not of gums, on the

k!.mticc of decomposition of peroxides and the process of accumilation of condensa-

tion products.
; ' These data prove that the gum-like substances in the original gasoil have no

; mem.m influence on the character and kinetics of oxidation of that gasoil.
v2  Conclualons

1. It has been established that sulfur campounds prevent the autocatalytic
: development of the oxidative procosi.
. 2. The "antioxidative® functions of sulfur-containing compounds consist in

“their interaction with, and in the products of their oxidation by, peroxide radicals
3z : ‘ .
. .or hydroperoxides of hydrocarbons. '

. ; 3. By preventing the decamposition of poro:d.dn by the free udiuh. and, con-

- ’nqucnu.y. the develomment of oaxidative chd.na, the sulfur compounds ueolorau tho

—.procum of oxidative polymerisatiocn and condensation, as a resul’ of which gum-
.
~ .nx. substances aecum.hto. A high concentration of sulfur campounds is not re-

'@bd for ean intense accumulation of such gum-like substances. The minimum amount
" _iof ®eulfur® in gasoil that is permissible fram this point of view depends on the '
;“,,:ch-lcd. structure and rohuvo quantities of the sulfur compounds containing it and
l:Jea the chemical composition of the gasoil being oxidised. ' 5

‘ i he Sulfur compounds at low concentration prevent the tomtieu of acid, hydroxyl-
Q ccahlnin;. and saponifiable substances which are due to the oxidative docupod.unn

e ..

3 -‘ot paroutdu. The optimm concentration of "total sulfur® that -111 pnnnt an ac-

e o . . S |

He ]
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0.
.iel-xhuen of these substances depends on the chemical structure and relative amounts

-., of the sulfur compounds camposing it and, apparently, on the chemical coamposition of

! .the gasoll being oxidised.

" S+ The gum-like substances contained in the original Ramashkin gasoil are not

? lnuozldlnu, and have no substantial o“oct on the character or kinetics of its

" {oddauan.

* , 6. The results obtained indicate the need for deep extraction of the sulfur
" cumndl from the kmsmrg&qoil fractions, To obtain optimum results, not only
" ‘on gm formation but also on acidity, however, it is apparently necessary to lan_
a .a small amount of sulfur compounds in the ';uons. The optimunm quantity of "favor-
= Abh and preventive sulfur® should first bdbe osublishod for a petrcleum product to
" e Kydrofined. |

= ,' . 7. The presence of sul!.mr compounds in waxy petroleus products favors a de-

* _crease in fho temperature of structure formation.

o .' ‘
20..: a | '
32 . , ,
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el o
-Anmxers to Questions
14 . ’

16 Mm. Which 1s it that affects the foration of a wax layer on the surface of

1 :l fuel, the presence of sulfur compounds, or tho chemical composition of the hydro-

o0 fctrbm part of the fuel?

e 'm We can give only a preliminary answer, since this question needs further

o jmay We did find that arcmatic hydrocarbons exert an influence, although to a
lusor degree than sulfur campounds.
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