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It  has  been sugges ted  [11 that  t h e s o u r c e  of a c c e l e r a t e d  aging of rubbers  used  in fuel pumps of g a s -  
turbine  engines opera t ing  on hydro t r ea t ed  fuels is  the oxygen-containing products  fo rmed  in the fuel upon 
oxidation. 

I t  is well  known that  the p r o c e s s  of  hydrocarbon  oxidation is accompanied  by the fo rmat ion  of s table  
oxidation products  (a lcohols ,  ca rbonyl  compounds,  ac ids)  and less  s table  products  such as hydroperoxides  
o r  peroxides  and f ree  rad ica l s .  

The p r e s e n t  work  was a imed  at studying the ef fec ts  of these  oxidation products  on Grade IRP-1078 
rubber ,  which is  used  in fuel pumps,  and was also a imed  at  using this informat ion  to develop m e a s u r e s  to i m -  
p rove  the p r o p e r t i e s  of  fuels re la t ive  to mechanica l  rubber  goods. 

This  study was c a r r i e d  out with the individual hydrocarbons  cetane,  cumene,  and decalin,  which a re  
r ep re sen t a t i ve  of  the main  hydroca rbon  c l a s s e s  p resen t  in jet  fuels;  also used in this study were  s tandard  
fuels differ ing in chemica l  composi t ion.  The two types  of  appara tus  were  a s ta t ic  unit for  fuel oxidation (OTSU 
ins t rument )  and a bubbling unit (BOT).  

The OTSU in s t rumen t  cons is t s  of an e l e c t r i c a l l y  hea t ed ' t he rmos t a t  with four meta l  bombs,  each 450 cm 3 
in vloume,  in which g lass  b e a k e r s  a re  placed, containing the t e s t  hydrocarbon  o r  fuel (200 cm 3 sample )  and 
IRP-1078 rubbe r  spec imens ,  die cut in the fo rm of a Type V blade (GOST 270-64)~ 

The BOT unit cons i s t s  of  a 2 0 0 - c m  3 cyl indr ica l  g lass  r e a c t o r  with a porous f i l te r  designed for  bubbling 
in an oxidant ( a i r ) .  

The rubbe r  spec imens  a f t e r  exposure  were  t es ted  for  s t rength  (GOST 270-64)~ 

A study of the hydroca rbon  oxidation kinet ics  in the BOT unit at  150~ showed that, when the rubber  was 
presen t ,  oxidation of  the hydroca rbons  was suppressed ,  indicating t r a n s f e r  of antioxidants f rom the rubbe r  
to the hydroca rbons .  These  antioxidants ( a ldo l - a -naph thy l amine ,  Neozone D) a re  used  in the rubbe r  to p r e -  
vent its aging in a i r .  

In o r d e r  to avoid the influence of  the antioxidants  on the p r o c e s s e s  of in te rac t ion  of fuel oxidation p r o d -  
ucts with the rubber ,  t es t s  were  run on s am p le s  of rubbe r  f r o m  which the antioxidants had been ex t rac ted  by 
t r e a t m e n t  with cetane for  4 h at  150~ in the OTSU appara tus  without any oxidant. A p r e l i m i n a r y  study was 
made of the kinet ics  of  antioxidant  ex t rac t ion  f r o m  the rubbe r  by the var ious  hydrocarbons  and fuels.  It was 
es tab l i shed  that, under  these  condit ions,  the cetane comple te ly  r emoved  both antioxidants f rom the rubber ,  
without any de te r io ra t ion  of the r u b b e r  mechanica l  p rope r t i e s .  Kinetic cu rves  a re  shown in Fig. 1 for  the ex-  
t r ac t ion  of the a l d o l - a - n a p t h y l a m i n e  f r o m t h e  rubbe r  by cetane,  cumene,  and decalin,  these data having been 
obtained by pho toco lo r imet r i c  ana lys i s .  

The r e su l t s  obtained on the ex t rac t ion  of Neozone D f rom the rubbe r  a re  p resen ted  in Table  1. 

Comple te  "washout"  of the antioxidants f rom the rubbe r  by cetane when t r ea t ed  under  t h e s e  conditions 
was conf i rmed  by  the ident ical  kinetic cu rves  obtained for  hydroca rbon  oxidation in the p resence  or  the 
t r ea t ed  rubbe r  spec imens  o r  in the p re sence  of  rubbe r s  that  had been  spec ia l ly  compounded without ant i -  
oxidants .  
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Fig .  1. Change  in o p t i c a l  d e n s i t y  o f  e e t a n e ,  
c u m e n e ,  and  d e c a l i n  due to c o n t a c t  wi th  
r u b b e r ,  in  r e l a t i o n  to t i m e  of  t r e a t m e n t :  1) 
e e t a n e ,  150~ 2) c u m e n e ,  150~ deca l in ,  
150~ 4) c e t a ne ,  20~ 

T A B L E  1. Con ten t  of  Neozone  D in R u b b e r  
S p e c i m e n s  a f t e r  Con t a c t  wi th  H y d r o c a r b o n s  
a t  120 ~ and 150~ 

Hydrocarbon 
(extractant) 

~ d '  ~ ~ Presence of Neozone 
~ C~ " Dinrubber 

Cetane 120 

150 

1 Present 
2 
3 
4 Trace 
1 Present 
2 
. Trace 

Absent 

Cumene 

Decalin 

Present 

150 43 Trace 
Absent 

. Present 

150 ~ T race 
Absent 

TABLE 2o Influence of Stable Oxidation Products on Rubber Properties 

Expt, 
No. 

1 

2 

3 
4 

5 

6 

Medium 

Cetane, preoxidized 

Severely hydrotreated 
fuel, preoxidized 

Cetane (original) 
Severely h~Nrotreated 

fuel, original 

Severely hydrotreated 
A{rUel, original 

Content of oxidation products 
in test fuel 

hydro- l acids, /~o~~ 
pyox- I mmolesApounds. 12 m~ 
n~moles/t liter [.~t~rOtes/[ liter 

0,031 340 

210 
1,8 

1,8 

1,8 

3,7 

33 
0,7 

0,7 

0,7 

1,7 

0 

0 

�9 Conditions of 
contacting with 
rubber 

In absence of 
oxygen 

Strength of rubber 

~ 1  elonga-' 
I tion, % 

0,44 
0 

1,0 

1,0 In presence of 
oxygen 

Atmos'pheric 
oxygen 

113 

110 
i10 

116 

26 

112 

150 

135 
150 

120 

30 

150 

65 



TABLE 3. Change in Rubber  Strength in 
Relat ion to Concentra t ion of Hydroperoxides  
Decomposed  to Radica ls  ( t e m p e r a t u r e  150~ 

Time of hydroperoxide decomp, time 
0 rain 120 mini40 mi~ 60 min 

on, m mole~/ l i t e r  44 0,94 031 0,22 
Tensile stren~h, 

kgf/cm~ ~ 124 30 20 
Elongation, % 200 40 30 -- 

~Rubber becomes  ha rd  and read i ly  f rac tu red .  

TABLE 4. Change in Strength of Antioxidant-  
F r e e  Rubber  Specimens  in Relat ion to Contact  
T ime  with Hydroca rbons  and Concentra t ion of 
Hydroperox ides  

Cetane  I Decalin Cumene  
-~ ~ ~ . ~  - ___ 

20 I 0,8 93 i00 31,61 98 110 ~0 i 
40 2,5 89 i 10 34 l 
60 613 23 20 25 2I 

~Rubber  spec imen  hardens  and b r eaks  i m -  
med ia te ly  upon r e m o v a l  f rom r eac to r .  

77 100 
fl* fl* 
5,3 i0 

The ex t rac t ion  of antio:ddants f r o m  rubbe r  quite probably  r e p r e s e n t s  the f i r s t  s tage in aging of mechan-  
ica l  rubbe r  goods under  the conditions of  fuel pump operat ion.  

Resul t s  a re  p resen ted  in Table  2 f r o m  a study of the effects  of s table  oxidation products  and a t m o -  
spher ic  a i r o n t h e  s t rength  of rubbe r s  f rom which the antioxidants have been ex t rac ted ;  also l i s ted in Table  
2 a re  the conditions under  which these  expe r imen t s  were  conducted. 

In expe r imen t s  Nos.  1-2, the rubbe r  was exposed to hydrocarbons  and s table  oxidation products ,  i .e. ,  
a lcohols ,  ca rbonyl  compounds,  acids ,  and peroxy  compounds (the concentra t ion of the l a t t e r  did not change 
during the cour se  of  the t e s t s ) .  In expe r imen t  No. 3, the rubbe r  was exposed to the hydrocarbon  alone, and 
in No. 4 to hydrocarbons  and peroxy  compounds (the l a t t e r  were  fo rmed  in the fuel during s torage ;  no decom-  
posi t ion of  these  compounds was obs e rved  upon heating to 150~ In expe r imen t  No. 5, oxidation took place,  
with the fo rmat ion  of s table  oxidation products ,  unstable  hydroperoxides ,  and f ree  rad ica l s  [2]. 

In expe r imen t  No. 6, the r u b b e r  was oxidized with a tmosphe r i c  oxygen. This  exper iment  was p e r f o r m e d  
to de t e rmine  the effect  of m o l e c u l a r  oxygen. 

Compar ing  the r e su l t s  of these  exper imen t s ,  we see  that  molecu la r  oxygen, as well  as s table  mo lecu la r  
p roducts  o f  oxidation (including s table  pe roxy  compounds)  and the hydrocarbons  themse lves ,  is not agg res s ive  
toward rubber .  A sha rp  de te r io ra t ion  of the rubbe r  p rope r t i e s  is obse rved  under  conditions of  occu r r ence  of 
the oxidative p r o c e s s ,  when re la t ive ly  unstable  hydroperox ides  and f ree  rad ica l s  a re  p re sen t  in the fuels along 
with the o ther  types  of  compounds just  mentioned.  

In o r d e r  to de te rmine  the ef fec t  of hydroperox ides  and f ree  rad ica l s  on the rubber ,  the following expe r i -  
ments  we re  p e r f o r m e d .  

Rubber  spec imens  were  t es ted  in oxidized T-6  fuel [hydro t rea ted  je t  fuel] with (0.1% by weight) and 
without  Ionol [2 ,6 -d i - t e r t -bu ty l -4 -me thy lpheno l ] ,  which is  an accep to r  of act ive  rad ica l s .  The t e s t s  were  p e r -  
f o r m e d  in the OTSU appara tus  with a 4 -h  exposure  per iod a t  140~ without a i r .  During the tes t s ,  the hydro-  
peroxide  concent ra t ion  d e c r e a s e d  to 0.2 m m o l e / l i t e r  as a r e su l t  of decomposi t ion  to f o r m  f ree  rad ica l s .  When 
the Ionol was p resen t ,  the r ubbe r  did not change in mechan ica l  p rope r t i e s ;  without the Ionol ,  the r ubbe r  c o m -  
p le te ly  los t  i t s  e las t i c i ty .  
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TABLE 5. Change in Strength of  Rubber  
a f t e r  Tes t ing  in T-6  Fuel (OTSU appara tus ,  
4 h, 150~ 

Fuel 

: ~ ~[ Strength of 

T-6, freshly produced 
T-6 after long-term 

storage 

0 

0.2 
0,2 
0,2 

07[ 
28 

0,003 43 
0,01 92 

120 
21 
6o 

140 

The de te r io ra t ion  in mechanica l  p r o p e r t i e s  of  the rubbe r  is shown in Table  3 in re la t ion  to the change 
in concent ra t ion  of cetane hydroperoxide  through decomposi t ion to f ree  radica ls ,  these data having been ob- 
tained in expe r imen t s  that  we re  analogous except  for  the absence  of any f ree  rad ica l  accep tor .  

These  s tudies  have shown that hydroperox ides  p r io r  to decomposi t ion  apparent ly  do not have any effect  
on the mechan ica l  p rope r t i e s  of  rubbe r s .  The de te r io ra t ion  in p rope r t i e s  comes  about through the action of 
f ree  rad ica l s .  

It is well  known [2] that  hydroperoxides  decompose  to fo rm RO" and OH. rad ica ls ,  which typical ly  have 
ve ry  shor t  l i f e t imes .  React ing with hydrocarbon  molecules ,  these rad ica l s  fo rm alkyl rad ica l s  R ~ which 
have cons ide rab ly  longer  l i fe t imes ;  hence,  the rubbe r  is subjected to the action of R ~ rad ica i s  under  these 
p a r t i c u l a r  condit ions.  

In the init ial  s tage of fuel o r  hydrocarbon  oxidation in the p resence  of rubbe r  in a s t r e a m  of oxidant 
( a i r ) ,  the r ubbe r  is subjected mainly  to the act ion of RO~ rad ica l s ,  as the concentra t ion of R" rad ica l s  under  
these  conditions is s e v e r a l  o r d e r s  of  magnitude lower  and can be neglected for  p rac t ica l  purposes  [2]~ 

Data a r e  p re sen ted  in Table  4 i l lus t ra t ing  the change in rubbe r  spec imen  s t rength  in re la t ion  to t ime of 
contac t  with oxidized hydrocarbons  and in re la t ion  to the concentra t ion  of hydroperoxides .  These  exper iments  
were  p e r f o r m e d  in the BOT unit at 150~C. 

These  r e su l t s  showed that, under  these  pa r t i cu la r  conditions, the rubber s  lost  s t rength  rapidly~ It could 
be de te rmined  v isua l ly  that  the rubbe r  had hardened within 40 rain, and within I h it had become  br i t t le  and 
f ragi le .  S imi la r  r e su l t s  were  obtained in oxidation t e s t s  on hydro t rea ted  and hydrogenated fuels.  

These data prox4de e~4dence for the high activity of RO~ radicals with respect to rubber. 

As shown above, hydroperoxides and peroxides probably do not cause rubber aging unless they decom- 
pose to radicals. However, the presence of hydroperoxide s and peroxides in fuels is still not permissible; in 
the first place, they do represent a source of aggressive radicals (beginning at a certain temperature that de- 
pends on the structure of the compound) , and in the second place, they initiate the oxidation process through 
the action of the radicals formed by decomposition. 

As an example, we studied the aging of rubber in cetane during oxidation at 140~ with and without an 
oxidation initiator (dieumyl peroxide, 0.01% by weight). The experiments showed that the oxidation of the cetane 
is more severe and the aging of the rubber far faster when the oxidation initiator is present. 

These skldies have shown that, in order to improve the service properties of hydrotreated and hydro- 
genated fuels with respect to rubbers, antioxidants that are acceptors of active radicals must be added to the 
fuels. This doping with antioxidant must be performed at the refinery itself, in order to eliminate the possible 
accumulation of peroxy compounds in the fuels during storage and transport. 

Data are presented in Table 5 to illustrate the change in rubber strength after testing in oxidized T-6 
fuel with different contents of hydroperoxides and antioxidant (Ionol). 

It will be noted from Table 5, that, inthe freshly produced T-6 fuel, which did not contain any peroxy 
compounds, an Ionol concentration of 0.003%by weight was adequate to prevent rubber aging. In the T-6 fuel 
.that had been placed in long-term storage, a large amount of peroxy compounds had been formed, so that the 
use of 0.003~c Ionol was relatively ineffective; only when the Ionol concentration was increased to 0.01% was 
it possible to eliminate the aggressivity of the fuel with respect to the rubber. 
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P e t ro l e um-based  lubricat ing oils a re  semicolloidal  solutions in which molecules ,  ion radica ls ,  and 
complexes  in var ious degrees  of  d i spers i ty  ex is t  side by side. According to the laws of thermodynamics ,  such 
sys tems  will  tend to dec r ea se  in f ree  ene rgy  spontaneously,  by consolidation of  the par t ic les .  This is p re -  
vented by stabil izing components  that e i the r  occur  natura l ly  in the oil base stocks o r  a re  introduced in the 
form of additives.  If the ef fec t iveness  of  the s t ab i l i ze r s  drops off for  any reason,  the sys tem loses  its stabil i ty.  
This will produce coa lescence  (coagulation) of  the mice l les  of the additive components in f r e sh  oils;  in the 
case  of used oils,  i t  will also produce doagulation of the solid contaminants that  had been stabi l ized by the 
additive. The common feature  of these p roces se s  is the el iminat ion or  surmounting of a stabilizing b a r r i e r .  
The t empera tu re  has a m/~jor influence on the stabil i ty of  additive oils against  aggregation.  If the d ispersant  
is inadequate in t he rma l  stabil i ty,  the d i spersan t  molecules  will be decomposed upon heating and will lose the i r  
ef fec t iveness .  In this situation, the solid contaminant par t ic les  in oils operat ing in diesel  engines will coagu- 
late and, together  with the additive, will fo rm a spongy mass .  If the coagulation t empera tu re  is higher  than 
the t empera tu re  of  the o i l -cooled  su r faces ,  the re  will be not disrupt ion of  the diesel  operat ing reg ime.  If the 
r e v e r s e  is t rue ,  the mass  formed through par t ic le  coagulation will begin to deposit  on the heated surfaces ,  
with an adverse  effect  on the conditions of heat  t r ans fe r .  The use of an oil with a low coagulation t empera tu re  
in diesels  with o i l -cooled  pistons often leads to burnout  of  the piston heads.  This phenomenon has been ob- 
s e rved  repea ted ly  when using M-14B oil (specif icat ion TU 3 8-101-264-72 ) in 11D45 h ig h -p e r fo rm an ce  l . c o -  
motive diesels  [1].* The lower the coagulation t empera tu re ,  the more  rapidly and in g r e a t e r  volume will a 
res inous  o r  t a r r y  mass  separa te  out on the o i l -cooled  sur face .  Hence, a knowledge of the coagulation t e m p e r -  
a ture  is e x t r e m e l y  important ,  not only for  engine ope ra to r s  in establishing re jec t ion  levels  fo r  oils,  but also 
for  engine bui lders  in select ing oils for  newly developed engines.  

The influence of coagulation t empera tu re  on the quantity of deposits  in the oi l - f i l led  hollows and pass-  
ages in cooled pistons was tes ted  exper fmenta l ly  in an IDM engine unit. In Fig. 1, the quantity of deposits  
fo rmed  on the o i l -cooled  piston head is shown as a function of the coagulat ion t empera tu re  of Group B oils f rom 
various suppl iers  (all  o ther  t e s t  p a r a m e t e r s  being kept constant) .  The t empera tu re  to which the piston was 
heated, as m e a su red  by fusible inse r t s ,  was 220-230~ in these exper iments .  Hence,  the quantity of deposits 
should be minimal  when the additive coagulation t empera tu re  is above 230-240~ and this was indeed con- 
f i rmed  by the exper imenta l  data. 

It was es tabl ished that M-12B and M-14B oils containing 8% of the additive VNII NP-360 [Ba alkylpheno- 
late and zinc bis (alklyphenyl)dithiophosphate] are  the leas t  stable.  However,  a breakdown of stabil i ty was 
also r e g i s t e r e d  in the p rocess  of  operat ion on ce r ta in  batches of M-14V 2 oil (specif icat ion TU 38-101-421-73) .  

* No l i t e ra tu re  c i t a t ions  are  g iven in the Russ ian  o r i g i n a l -  Trans la to r .  
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