] R

.~ UNCLASSIFIED

0295 808

Keproduced
by the
ARMED SERVICES TECHNICAL INFORMATION AGENCY

ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED




NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
govermment procurement operation, the U. 8.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the sald drawings, specifications, or other
data is not to be regarded dby implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



62-1026

SULFUR~-CONTAINING FUEL DISTILLATES ON THE

1

i

j THE INFLUENCE OF THE PRODUCTS OF COMBUSTION OF
5 CONSTRUCTION MATERIALS OF GAS TURBINES

:,‘ By

B, V. Losikov, A, D, Fat'yanov, et. al,

i




FID-TT- 62-1006/1v244

UNEDITED ROUGH DRAFT TRANSLATION

. THE INFLUENCE OF THE PRODUCTS OF COMBUSTION OF
i SULFUR-CONTAINING FUEL DISTILIATES ON THE
CONSTRUCTION MATERIALS OF GAS TURBINES

By: Ppvof. B. V. Losikov, Doctor of Technical
Sciences, A. D. Fat'yanov and Yu. V. Mikulin,
Engineers, L. A. Aleksandrova, Candidate in
Technlcal Sciences

English Pages: 13
Source: Energomashinostroyeniye, No. 2, 1962, pp. 34-37.

SC-1507
SOV/114-62-0-2-2/4

)
THIS TRANSLATION 1S A RENDITION OF THE ORIG)-
MAL FOREION TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT, STATEMENTS OR THEORIES
ADVOCATED OR IMPLIED ARE THOSE OF THE SOURCE

PREPARED BY:

DO MOT NECESSARILY REFLECT YHE POSITION TRANSLATION SERVICES BRANCH
OMI.DOPINION OF THE POREIGH TECHNOLOGY Di- FOREION TECHNOLOGY DIVISION
VISION. WP.AFB, ONIO.

FID-TT-62-1026/142+4 Date 3_pecembel¥62
P




Ve

THE INFLUENCE OF THE PRODUCTS OF COMBUSTION OF
SULFUR-CONTAINING FUEL DISTILLATES ON THE
CONSTRUCTION MATERIALS OF GAS TURBINES
Prof. B. V. Losikov, Doctor of Technical
Sciences, A. D. Fat'yanov and Yu. V. Mikulin,

Engineers, L. A. Aleksandrova, Candldate in
Technlical Sciences

From obtained laboratory data recommendations have
been made about experimenting with sulfur-containing
dlesel fuels in natural gas-turblne plants. The re-
sults of these experliments have conflrmed the correct-
ness of the laboratory experiments and shown the
sultability of sulfur-containing diesel fuel for re-
liable operation of gas turbine plants.

The seven-year plan for the development of the natlonal economy
foresaw the considerable growth in the capaclty of gas turbine power
installations 1in industry and transportation. A substantial part of
them will work on sulfur-containing fuel and, considering the pros-
pects for the development of the oill industry, thils will be fuel
containing ~1.0% of sulfur. In this connection questions dealing with
the corrosive action of fuel combustion products on components of the
steam-passing parts of the turbine acqulre especial significance.

The corroslve properties of sulfur oxlides formed in the combustion
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. Y - e




£
R |

oO

of sulfur compounds contalned in the fuel may, in respect to metals,
appear under two essentially different conditions: At low and at

high temperatures. In the first case an electrochemical (acid)
corrosion, and in the second a chemical (gaseous)corrosion is observed.

The problem of low-temperature corrosion in gas turbines has as
a rule no great significance because of the high temperature of the
gases on exhaust, although at times of starting and stopping, and also
when using exhaust gases, low temperature corrosion may also take
place.

The greatest danger connected with the presence sulfur-contalning
cases, sulfurlc anhydride, and sufflclent amounts of oxygen (pesulting
from the great excess of alr during combustion) is in the combustion
products in the high-temperature chemical corrosion of the elements
of the gas turbine. High temperatures and the considerable bathing
rates of the components on the part of combustion products create
conditions in which corrosion becomes more 1ntehse.

The corrosion resistance of the metals in thé gas tract of gas
turbline units 1n the presence of combustion products of sulfur-gon-
talning fuels has not yet been studied sufficiéh%ly. =

Below are listed the experimental results of the corrosive action

o

of the combustion products of sulfur?containing,diesei'fyel on metals « -

o @° 9

used 1n gas turblne construction, obtained.in a smallﬁiéborator&<gom- ;

=]
L] [\ 0 o s e oo ©°

bustiaﬁbchamber in which were pl&ced specimens prépared fme°sheetj

et SO e o <& o
a0 .
o pw R

o plate, and the working blade% of gas turbines. poer g
1 ¥ = °
¢ Diesel fuels containing from 0.2 to;1.6% sulfur were tested
. (Table,1) . Our standard was the low-sulfur diesel fuel DS, GOST*
474949 (0%?% S), currently used in gas turbines.
o ° *
Qf % o . °
: ° *GOST "= All-Unlon State Standard.
[ ] ® [ J
oo * FID-TT-62-1026/142+4 -2~
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Corrosion was evaluated by welghing the specimens before and

o after the tests. Before welghing the plates after the experiments,
they were first subjected for 2-3 mlnutes to electrochemical treat-
ment in a fusion of 40% NasCOs and 60% NaOH at 500-550°C and a current
of 0.25 amp/cm®.

In the first serles of experiments the corrosion resistance of

an alloy under the influence of sulfur-contalning fuel combustion

. products was studlied. In this the metal specimens were subjected

to the action of combustion products for separate 10-hour stages,

in the intervals between which the speclmens were transferred from

the experimental box i1nto a desiccator which excluded the condensation

of alr molsture on thelr surfaces.

Table 1

Physicochemical Congtants of Dlesel Fuels

& | Experimental sulfur-containing
E} = fuels from the factories in
S8 .
' = "W &
= . |Constants PN L -
nox>°'o,°0=.°o Q %g%%-ﬂ §§ 95
N 2K !
- N .
¢ o ° lsulfur,®s ... .0 0.2| 0.99[1.% | 1.57 1.6
. : Chemical composition
e . lof nydrocarbons, %...
o 77 % ©o[Naphthenes and para- _.
AN § & o § Y SN BL.9| 74.4 162.6(82.0 70.5
3 Aromatics ........... [15.1125.6 |37.4}18.0 29.5
- ° |Ash, B vieeeeenseeess | Absent 0.017] 0.002] Absent
Ny ® (Fractional composition
.o © Start of bolling, °C |32 - 200| 187 -
0> © ] 10%) D50 | 247 251| 217 225
o ¢ 50% { Boils away at °Cp78 {271 288| 250 271
0cw 90% 18 | 314 | 329{ 30 331
o 96% P00 | 334 | 346] 33 365
' \ Viscosity, 20°C, stoke p.5 | 4.9 | 6.9 2.06 4,97
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) Figure 1 glves the kinetlcs of corrosion of steels on an iron

) gEI 4181) and a n}ckel (EI347B)(base in the combustion products of
sulfur-containing fuel (1.4% S)oand the standard fuel (0.2%) in com-
parison with ordinary steel (10 ;tecl) ‘afber 50 hours at 650°.
.} From the data shown 1t can *be seen that the nickel alloy hardly

corrodes at all at the given temperaturé; but the alloy on an iron
O 0
base corrodes substantially; 10 Steel is especially sensitive to
]
gaseous corroslon, losi§g 30-40 times more weight in 50 hours than

[

EI481 steel. ™ e %S
A peculiarity of the corrosion of st~~ls on an‘°iron base i1s that
[°) o <O

raising’ the sulfur content in the fuel 1ower§‘the corrosion rate.

It 1s obvious that under_the influence of fuZl combustion products

contalning sulfur, the surface of these steels can quickly develop

a protective film that retards coYrosion. e .
These facts are confirmed by the results of tests to determine

the corrosion resistance of another steel on an iron base — 2Kh13—-

in the combustion products of fuels containing different pércentages

of sulfur (Fig. 2).
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After 10 hours at 750° 1in low-sulfnr fuel, platé scorching was
obtained. Testing specimens of this steel at the same temperature 1in
sulfur-containing fuels ( 1 0 "and 1 57% 8) : did_no’c result in such

scorching.

N

The corrosion of nickel alloy EI437B at 950° increases somewhat
with an increase in sulfur content in the fuel (Fig. 3a). In EI435
steel, regularity is not observed.

- The results from the investigation of corrosion“in the other

metals tested in fuel combustion products are shown in Table 2.
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) Duration of Testing, Hours
. Fig. 3. Kinetics of corrosion (a) and de-
. ) ’ positions (b) in steels exposed to dlesel fuel combustion
products at 950°. 1) DS, GOST 4749 (0.2% S
2) sulfur-containing fuel GOST 305~ ( 1.0 S) s
3) experimental sulfur-containing fuel (1.57% S).
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Figure 4. shows the dependence of corrosion losses in nickel ,J;
. steels EI437B, EI602, ‘and EI435 on the temperature of the combustion
cn products of fuels containing 0. 2 to 1% S. Similar 'corrosion-tempera-
- ~ture - ourves were obtained for.the followingﬂsteels also~ E1481,
B e, 05 o
‘ - 3Kh13,oE1417, E1612, EI607, EI617, etc. I R
- § o@. .O-cf e & 8 S %o ° o e e o L
- ° < The results show that the heat resistahce of the tested steels
. azm ﬂ'o; eé © co “2 o Oo © ° ° <
°° hae © onoticeablyOdecreases at high temperatures- for iron—base steels this
RN phase appears at 600- 700°, and for nickel steels at 750°-800°. ;ﬁigy
K o °°9¢7 Jeo .0
o ey °., Ralsing the sulfur -content of the fuelo.from O. 5 to. E% in the 4oo- 900° °
° O e . o o o2 fane g
55;> range does not essentially changegthe heat resistanceeof “the given
’ Zo ° ° ° 2 5000 & o ° ae * 0 ° o e
Se® T steels. ) .o o roo =
. = © o JWTL 2 8% ° ) ’ °
Co ° °s + o*°Under the working condltions of marine gas turbines, it is possible
b ° thatesa certain amount of sea ‘water may get direct1y°into the fuel or :;,
o . [»]
e © B 2, “the airodrawn in. " Thus, the influenceaor water vapor on the°corro— oo
oo o 'Y ee %o ° We;
. ° sion of metals in fuel ccmbustion products was investigated Waterc@““w A
° . oo o 0 s ° = o
%?§f0°mbo °containing 9 g of NaCl per liter introducedointo the air igniting
e - 2 = 9=
- © = the fuel was mixed with 1t directly at the Jet in the combustion area.
@ o’ o
o e o Corrosion of alloys by sulfur-containing fuel—combustion products
° infthe presence of 1.0% (by fuel weight) of salt water in the air 1is,
in the maJjority of cases, somewhat greater than in low~sulfur fuel.
] fon i
The coefficient of 1increase 1n transition to sulfur-containing fuel
is within the limlts of 1.2-2.0.

Decreasing the amount of salt water to 0.3% considerably dimini-
shes corrosion losses in sulfur-containing diesel fuel, practically

reducing them to the level of low-sulfur fuel.

I <
@ # oD O » >

N In the operation of gas turbine the periods of work may alternate

with prolonged inactivity of the equipment Under these conditions

the components of the steam-passing part of the turbine may be sub-,
jected to the actlon not only of fuel combustion products but also

& - ° - e ©

° £ ° .
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L)




of the moisture in the air (alternate actlon of combustion products

and moisture} L. - 2 .
. . ‘.. -~ - x‘~
=  Table 2 *
) .ol . Corrosion of Steels (mg/cm2)
e [AER Fuel with Sulfur Content, %
© 'S o & ° AV Qi'r% o ,\P. B 4
v . S e o °°, gg . 1. 1.5
o' alsgeel §EE3E Pal® imental f tory 1
oy Soo o NYCTRRR - gmo o mﬁ% Ixperimenta rom Factory 1in
° = =, o =" ‘f,;,g‘ ‘éé%o °_.,°:?° N\ ~ubertsy .| Novo-Kulbyshev
° * Nt © ' Py [t 7 "~
ot st g8k GERR
* olni8NOT. 900 5.8 [\ lo.eop.1d . 0.18 -
- §K}1i;- - 0. .0 o :’ O. a & 0.2 —— o 0 15 —
*Q Kh .'..b....o 430 °
e e o 6tz it 200 |77 500 020024 putm -
e 10% Steel cee = 1 10 2,19 — °1.71 . ) =
" :EI437B......9.° s ey 0.08] — . 0.02 “ -
oo EI481....... 50 650 2,220 - | . 1.17 C -
ce>  |100Sgeel..ic o ) 7, 70.0 ~ 10.0 o -
° 1ckel-Chromium : s=o
. (ID) *. o vee e |o 860 [0.86] — 1.26 -
o2 So o I43TBee e e e nsn . 1.20p:69 - - 144
. 143713... ...... 0.16p.99 - >,. 1.93
= o < Nickels Chromium ©
(T)*%. 00 .. 1.30fL.06 - o o 1.62
’EIu81 ‘.:..l.l. ;‘2500 4.3 -. 1-33'5A
CI" bt °e D e °
**( 14 &+ 17)% Cr + (68 + 72) % Ni > e °
cm:'oe s e s e o L= [-=%- :° < . ° £~ &
= eoom, . ¥
e In this connectlon a serles of experiments was carried out to

=0 o =

investigate the corrosive attack of sulfur-containing fuels under

conditions of alternate action by combustion products and by ailr of

<

© o a® Py o L e B
ordinary humidity. o ® .°' -
. o >0 o0 =0 o C-:Q S 5 ses e P g
w ° ©° TableOB 1ists the comparative da.ta= on-the. corrosion of steels
o o o

sub,jected to.alternate action of products of‘combustion with and with-

Py

*® 0 o0

out air moisture.
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in diesel fuel combustion products after
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- Table 3

. Corrosion (mg/cm®) of Steels under Different Conditions. Dura- .
tion of Test 30 Hours, Temperature 550°.
‘ - . Fu.el. - .o° m.\"'
' o * Tyubertsy Works | GOST 305-58 . | GOST 4749-%9 0.2% S
. S E Exﬁerimental, 1.0 8 : .
.‘ . 1.4% 8 L -
Steel. .| Balf9E Sal958 - o .8ua58
r.-.%-p Ponfl SH3 b Epng wpel e p-us-cg
- gcohojdcmor 3o ono o od g0y o S0 o
le 02 3ako 332586 °33 16332 5]6 55505:“:40
2889188 aldnagl ¢Hs8 amnbd a8t @
S P e e B B e e B
o J‘ z E3AEISAE2253AI23L52263A4 2334
e o . .- ) o, o ’ (;‘-7’
N 0® .D-O 2K11130 . .<7. 3 0-’315 'JO :Eo G - ’ (0 'Q- ; 0. 19 o. 29
4o’ & o [PKN13%....]0.15 ) 0.B9 9] o.21] " 0.23 0.20 0.15
s _ |1Kn1BN9T..{s0.18 | ° 0.32 |,°0.11], ©0.17 0.20.] 0.17
o ° o oEI48l:....1 = °f 7°0.75. - 0.33 0" e 0.31
o7e oo ISR b= oo To0.18, 0l =701 0,11 P 0iT7
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o . . :g‘,‘ ° 7 : ;OQ <
°, ° 0‘32 3Khl13 /:/3°4 1 .
© 0130 — i .
o 6 — oo 24 oo o
[ < o o& gb'a ° o
® o E ° kres o 1/2
o z - 0‘ 2 °| .o 2 4
s e T e 7 ° e % N
v o ° . P o Dration of Test, Huurs
. ° ° e [ ° @ o
° o o Flg: 6.° Cd%rosion<9f steels in alter-
o 0 e nating action of diesel fuel combustion
o o 7 o> broducts and atmospheric moisture of 60
. e m3. - Sulfur-containing fuel 1) 1.57% S,
o ° e 2) 1.43% 5,-°3) 1.0%-S in GOST 305-58,%
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o . The tests were* carried out 1n stages: after each 10-hour

.. action of fuel combustion products the specimens were kept in air
for 12 hours and thus were exposed to the effects of air moisture.

Evidently, under these conditionsothe corrosion of steels on an

iron (E1481, 1Kh18N9T, 3Kh13, and 2Kh13) nd a8 nickel base (EI#}?ID

Toey L)

is the same as 1n the case where the combustion products ‘of fuels e

. contained o 2 and 1.0% sulfur.-

.

o R In combustion products of fuel: with 1 4% - sulfur, the corrosion

° & o «

o e losses of steel on an iron base (EI481)nare ol2, 5 times greater than

2w © o u
3°;0 » for the two other fuels, EI437B nickel steel corrodes almost ldenti-
o g ;Q. cally when exposed to the combust*on products of all three fuels.

©
<
g
° ., o ..°c' *oo.e
o=

° L)
O < o

cee e L 0;9. o Thus, in(?he conditions of the accepted “test regime, the com-
ol o:°°l bustio;°products of fuels containing from 072 to 1. 0%: of sulfur have
TO < practically “dentical corrosion activity inerelation to the steels on
%0:°% o nickel and ironobases.

< o &
<> oo

o

(=% <
- Increasing the sulfur content in_ fuel more than 1.0%, in

.90 90 o g o ®a
R pa;ticular to0 1 4%, strengthens the corrosive ‘action of combustion

G, =2 °

S oo °° products, and this 1s, above all, expressed in the increase of the

Tome oy =

Segoprrosgion lgsses of steels on an iron base. ’ S .0
°. . e 9 x, In addition toothe described experinents, a%;umber ofoothers fieé
I ) were carried out in which,°owiné to the artificial introduction of air
el L, of increased humidity (60.g/m3), there was acce;Zration of the corro-

o . "o ° S
e °'Qmsio.on process. / ° =
= - :: iExperiments -were conductedoon four fuels wilth various sulfur
X3 contents (0.2, 1.0, 1.4, and’1. 57%) “ e jt‘ .
) _ A‘comparative evaluation of the corrosive“attack of fuel com- &

bustion produgts under these conditions iswgiven in Fig. 6.

= ° & o

An analysis of the data in Fig. 6 shows that the corrosive

-10- e
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attack of fuel combustion products in relation to lron and nickel-
‘base steels increases out of proportion with the increase in sulfur
content in the fuel; barely increasing the sulfur content, from
0.2.to 1.0%, the corrosive activity rises sharply in fuels containing
1.4-1. 6% sulfur and that very fact differentiates the examined fuels
1nto°two groups according to .thelr corrosive attack.
© ln;iysis of the combustion produets of fuel containing varylng

ery

o amounts of sulfur for: SOz and SO3, shows that the quantitJ of sulfur

‘o © Oo °

) -OOtrioxide in combustion products of fuels with 0.2 to 1.0% of sulfur

. 1s almost identical, but with 1.4-1.57% 'of sulfur in the fuel it

@ @

o5 increases sharply. This may be- the explanation of 1ts absence 1n the

®

Bee,, Sy °

© corrosiveEaggressiveness of fuels containing O 2-1.0% and 1.4-1. 57%
of sulfur. o ~° @ T, °sf Tl
o < ‘e - :

- : Corrosion 1ncrease in alternate action of combustlon products
- <

? oy and of moisture evidently occurs because here two types of corrosion .

© . o,

také%place' chemical or gas corrosion at high temperatures and

O, 0 o
° electrochemical corrosion at medium temperatures.
[~ ° o
The possibility of electrochemical processes is inherent in
Q ° <y S0 .5

the condensation of molsture and sulfuric acid on the surface of the
% ° o o

o o @

metal. - .

QO
o [~} <o (S
L2 O @ o o

remain on the metal®in the form of incrustations.o These incrustationsc

an ; (] o [or]
°°cause -wear of the turbine-parts (especially of the working vanes) and
o * g, ca

% unfavorably arfect the operation of the_ gas units.s

]

" K “Figure 3b glves the curves for growth of incrustations plotted

against time for nickelvalloys exposed to sulfur-containing diesel-fuel
combustion products at 950° “ﬁThe quantity of incrustations 1s de-
termineds by comparing the weight of the specimen after the tests with
“1ts welght after electrochemical treatment: thus.t?e incrustations

“® contain products of corrosion, physical impurities in the stream, and

FTD-TT-62-1026/1+2+4 -11

° °Products of the reaction of the metal with an external medium ) ma
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products of incomplete chemical combustion of the fuel.

From Fig. 3a and b 1t is to be seen that the kinetics of the
growth of the incrustions and corrosion follows general laws charac-
terized by twe parabolic segments and also by the agreement of the in-
dividual sectlons of the curves in each segment.

The development of the given processes along parabollic segments
is evidently explained by the sudden disturbance of the protective
coating: the corrosioen, proc;ss, sharply retarded because of protec-
tlve-coating formation, accelerates anew after the destruction of the coating.

. Increased sulfur content iﬁ,fhe fuel does not disturb the general
laws of corrosion and incrustation.

It was also established by experiments that the quantity of
incrustations on niekel and iron alloys during the action of com-
bustion products of fuels containing 0.2 and 1.0% of sulfur is
practically identical.

On the basis of the work performed we may draw the following
conclusions:

oml) Tests have shown that combustion products of dlesel fuels

Eontaining 0.2-1.0% sulfur possess practically the same corrosive

‘gggressiveness in respect to steels (alloys) on a nickel and an iron

base. Increasing the Suifur content in the fuel to 1.4-1,6% leads

to a, certain strengthening of corrosive action.

g t® ) Combustion produets of sulfur-contailning fuel in a number of
steels (for example,~E1481 and 2Khl13 steel) , when the humidity of the

o ° o ol

air entering the combustion chamber is low, may somewhat retard the

¢

corrosion process in comparison with the combustion products of low-
sulfur fuel; and this evidently results from formatibn on the metal
surface of a protectlive sulfide coating.

3) Alternate action of combustion products and air moisture,
reflecting the concrete conditions of corrosion formation in gas

-]
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turbilnes, intensifies the corrosion of alloys 2-3 times when the
fuel contains 1.4-1.57% of sulfur, in comparison with fuels containing

0.2-1.0% of sulfur. This 1is especially noticeable with increased

humidity of the air.
In fuels containing 0.2-1.0% of sulfur, corrosion under such

conditions is practically the same.
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