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This work  r e p r e s e n t s  an a t t empt  to study the act ion of ce r ta in  compounds of the phenol and amine type 
as inhibi tors  of the oxidation p r o c e s s  at  high t e m p e r a t u r e s .  According to data r epor t ed  in [1, 2], the p resence  
of s e v e r a l  benzene r ings with al iphat ic  side chains in the inhibi tor  molecule  will dec rease  its volat i l i ty and 
inc rea se  i ts  oil solubil i ty.  

On this p r em i s e ,  we have c a r r i e d  out the d i rec ted  synthes is  of the following compounds:  N , N ' - b i s -  
(methoxyphenyl)  -p -pheny lened iamine  (I) ; 2 ,4 -d imethoxybenzy l idene-b i s -a lky lphenol  (II) ; p -hydroxybenzyl -  
idene-b i s -a lky lpheno l  (IH); dicyclohexyl  N-p-methoxyphenylaminosucc ina te  (IV); dioctyl N-p-hydroxylphenyl -  
aminosucc ina te  (V);  dibenzyl N-piper id inosucc ina te  (VI);  and dibenzyl N ,N ' -b i s (p ipe raz ino ) succ ina t e  (VII). 

These  compounds were  p r epa red  by methods desc r ibed  pre~dously [3-6]. A b r i e f  cha rac t e r i za t ion  of 
these  compounds is given in Table 1. 

The oxidation of the s3mthetic oil was c a r r i e d  out in a manomet r i c  unit [7]. The oil sample  was 1 g, 
oxidation t e m p e r a t u r e  230~176 A pentaery thr i to l  e s t e r  was used as the synthetic oilo 

A compar i son  of the Mnetic curves  for  the oxidation revea led  a ce r t a in  co r r e l a t i on  between the s t r u c -  
ture  of  the compounds that  were  synthes ized  and the i r  antioxidant capabi l i t ies .  

Kinetic cu rves  for  the oxidation of the Pentaery thr i to l  e s t e r  with opt imal  concentra t ions  of these  c o m -  
pounds a re  shown in Fig. 1. 

As can be seen f rom these  curves ,  a compound of the aminophenol  type with long a lkoxycarbonyl  groups 
(V) i s  ve ry  effect ive in reducing the oxidation ra te  of  the oil (Fig~ 1, curve  9)= Also manifest ing an inhibiting 

TABLE I. B r i e f  Cha rac t e r i za t i on  of Compounds Synthesized 

II 

I V  
V 

VI 
VII 

No. C o m pound 

N, N' -Bis  (methoxyphenyl)  - p- phenylenediamine 

2,4 -D ime thoxybenzy l idene -b i s -  alkylphenol 
p-H ydroxybenzy l idene -b i s -  alkylphenol 
Dicyclohexyl  N- p- rnethoxyphenylamino succinate  
Dioctyl N-p-hydroxyphenylamino  suc cinate 
Dibenzyl N- p iper id inosuccinate  
Dibenzyl N ,N ' -b i s  (p iperaz ino)  succinate  

Mel t -  
ing pt. 
~ 

77 

i22 
168 
56 

116 

dex,tiveRefraC-in- [ Nitrogen 
n20 content, % 

D ~ foun__ d 
8.70 

1.5580 

1.5210 

-- 3.47 3.41 

- 2.80 2.46 

- 3.67 3.29 

- -  4 . 2 7  4.14 
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Fig~ i. Kinetic curves for absorption of oxygen 
by pentaerythritol ester with added inhibitors 
(oxidation temperature 230 ~ i) pentaeryth- 
ritol ester (PE) without antioxidant; 2) PE + 0.I 
m o l e s - l i t e r  ~ dibenzyl N-piper id inosuccinate ;  
3) PE + 0.05 m o l e s / l i t e r  dibenzyl N , N ' - b i s ( p i p e r -  
azino)succinate;  4) PE + 0.01 m o l e s / l i t e r  N , N ' - b i s -  
(methoxyphenyl) -p-phenylenediamine;  5) PE + 0.05 
m o l e s / l i t e r  2 ,4 -d ime thoxybenzy l idene -b i s -a lky lphe -  
nol; 6) PE + 0.05 m o l e s / l i t e r  dicyclohexyl N - p -  
methoxyphenylaminosuccina te ;  7) PE + 0.05 m o l e s /  
l i t e r  p -hydroxybenzyl idene-b is -a lky lphenol ;  8) PE + 
0.1 m o l e s / l i t e r  pheny l -~  -naphthylamine;  9) PE + 
0.05 moles  / l i t e r  dioctyl N-p-hydroxyphenylamino 
succinate~ 

o 

bO 

0 

;/ 
S ~j # 

i I I 

70 20 30 

8 

7,5 

o 7 
<; 

S 

e,5 
o 5 

o 

/ 

I 
70 20 36' 

Time, h Time, h 

Fig. 2 Fig. 3 

Fig. 2. Change in acid number during oxidation of pentaerythritol ester with added in- 
hibitors (oxidation temperature 230~ : 1 ) pentaerythritol ester (PE) without inhibitor; 
2) PE + 0.01 moles/liter dibenzyl N, N'-bis(piperazino)succinate; 3) PE + 0.01 moles/liter 
dioctyl N- p-hydroxyphenylamino succinate. 

Fig. 3. Change in viscosity during oxidation of pentaerythritol ester with added inhib- 
itors (oxidation temperature 230~ Curve numbers same as in Fig. 2. 

effect under these oxidation conditions are the p-hydroxybenzylidene-bis-alkylphenol, the dibenzyl N,N'-bis- 
(piperazino) succinate, and the dicyclohexyl N-p-methoxyphenyl aminosuccinate. 

These compounds (curves 3, 6, 7, and 9) give greater increases in induction period of the synthetic oil 
than that given by an antioxidant additive of the phenyl-~-naphthylamine type (curve 8). 

Comparing the oxidation curves 5 and 7, we see that, when the methoxy groups in the 2,4-dimethoxy- 
benzylidene-bis-alkylphenol are replaced by a hydroxyl group, the p-hydroxybenzylidene-bis-alkylphenol is 
considerably better in antioxidant properties. The dibenzyl N,N'-bis (piperazino)suecinate is more effective 
than the dibenzyl N-piperidinosuccinate, apparently because of the presence of the second nitrogen atom and 
the greater molecular weight. 

In Figs. 2 and 3, we show curves for the change in acid number and viscosity of the synthetic oil when 
oxidized at 230~ with and without inhibitors, in the presence of copper, steel, and aluminum strips. In these 
test, dry air was bubbled at a rate of 50 ml/min through 50-g oil samples. 
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All of the kinetic curves  proved to be a lmost  identical  in cha rac t e r .  

The apparent  pass ivi ty  of the inhibitor  in sect ion A of the curve  (see  Fig. 3) can evidently be explained 
on the bas is  that, at the s t a r t  of the oxidation, the v iscos i ty  change is caused mainly by evaporat ion of the 
readi ly  volati le par t  of the oil.  In sect ion B (Fig.  3 ), the v iscos i ty  changes mainly through p rocesses  of oxi-  
dation (gum format ion) .  The sharp  inc rease  in v iscos i ty  in sect ion C of curves  2 and 3 is explained on the 
basis  that the inhibitor  no longer  has any effect  on the oxidation process .  

Thus w e  see that these compounds, which have been proposed as inhibitors,  a re  effect ive in improving 
the stabil i ty of this s)~thet ic  oil at 230~ 
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PROCESS KINETICS OF NEUTRALIZATION OF FATTY ACIDS 
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UDC 665.64 

An account was given in [1] of the overa l l  kinetic relat ionships for  the consumption of sodium hydroxide 
in the saponification of ca ta ly t ica l ly  oxidized solid and liquid paraffins,  on the basis of the saponification 
number.  H e r e w e  a re  repor t ing on a study of the kinetics of neutral izat ion of  the free  fatty acids in the oxi- 
dized product  with sodium hydroxide~ 

The s tar t ing mate r ia l s  were  ce r t a in  individual fatty acids, Le~ acetic (GOST 61-51, "ch.doa." [analytic] 
g rade) ,  va le r ic  (MRTU 6-09-2525-69),  pelargonic (TU 6-09-571-70) ,  lauric  ( I ~ T U  6-09-995-64) ,  palmitic 
(TU MKhP-2936-51),  and arachidic  (TU N C h - l l - 6 4 ) ,  as well as cata lyt ical ly  oxidized solid paraffins (GOST 
16960-71) and liquid paraffins (TU 31-1-01-112-71) .  The cha rac t e r i s t i c s  of these last  two p r o d u c t s a r e  
l i s ted in Table 1. 

Since the laurie ,  palmit ic ,  and arachidic  acids and the oxidized product  f rom the solid paraffin are  
solids at normal  t empera tu re s ,  each of the acids and oxidized products was blended in a Ct2-C14 cut of paraf -  
finic hydrocarbons  in amount sufficient to give an acid number  of about 20 mg KOH/g; these solutions were  
all liquids at normal  t empera tu re s .  

In o r d e r  to inc rease  the solubil i ty of the palmitic and arachidic  acids,  pelargonie acid was added to these 
mate r ia l s ,  in respec t ive  mole ra t ios  of 1/1 and 2 / 1 .  
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