
Thus, we see that  changes in acidity,  exis tent  gum content,  and m e r c a p t a n  sulfur  content during 5 - y e a r  
s to rage  and in acce le ra t ed  aging a r e  essen t ia l ly  the s ame ,  and a r e  within the l imi ts  of e r r o r  of the method 
that  has  been  developed.  These  expe r imen ta l  ba tches  of fuel we re  a lso  tes ted  by the proposed  acce le ra t ed  
aging method a f t e r  5 y e a r s  of s to rage .  In the acce l e r a t ed  t e s t  on the s amples  of fuels I and II f r o m  s to rage ,  
the acidi ty  inc reased  by 0.1 mg KOH/100 ml ,  i .e . ,  somewhat  m o r e  than was observed  fo r  these  batches  at the 
t ime  they were  put into s torage;  in the case  of fuel sample  III, the acidi ty n u m b e r  inc rease  was 0.02 mg KOH/ 
100 ml. Despi te  the sl ightly g r e a t e r  change in acidi ty upon acce l e r a t ed  oxidation of fuel~samples I and II  a f t e r  
5 - y e a r  s t o r age ,  t e s t s  in the DTS unit indicated that  the t h e r m a l  s tabi l i ty  of these  ba tches  remained  at a high 
level  (see Table  2). 

The r e su l t s  obtained in the acce l e r a t ed  oxidation of jet  fuels  of d i f fe ren t  g rades  u n d e r  conditions ap p ro -  
p r i a t e  to the p a r t i c u l a r  g rade  of fuel  (Table 3) demons t r a t e  the feas ib i l i ty  of ra t ing  d i f fe rences  in s tabi l i ty  of 
h e a v y - k e r o s i n e  type fuels (T-6 and T-8) ,  e i the r  without addit ives o r  with Ionol or  NG-140 antioxidant; the t e s t  
can a lso  be used to ra te  DS and DL d iese l  fuels.. In these  t e s t s ,  the quality indices of the d iese l  fuels  changed 
within the s a m e  l imi ts  as were  obse rved  during 5 - y e a r  s to rage  in la rge  tanks.  These  r e su l t s  justify the use  
of this t e s t  method fo r  the h e a v i e r  d is t i l la te  fuels .  

Fuel  s amp le s  with lower  chemica l  s tabi l i ty  a r e  a lso  lower  in t h e r m a l  s tabi l i ty  as de te rmined  in the DTS 
t e s t  unit. The acce l e r a t ed  aging method makes  it poss ib le ,  within the cour se  of one week,  to obtain data on 
fuel quality changes that  can be obtained in n o r m a l  s to rage  in la rge  tanks only a f t e r  a per iod of 5 yea r s ;  this 
means  that  the t ime  requ i red  fo r  the invest igat ion is reduced by approx imate ly  99.5%. This  gives a cons ide r -  
able saving in cos t  of c a r ry i ng  out the s tudies ,  and makes  it poss ib le  to i nc rea se  the accu racy  with which l im-  
i ts  of quality change a r e  es tab l i shed ,  s ince the ana lyses  before  and a f t e r  aging a re  p e r f o r m e d  as pa ra l l e l  
de te rmina t ions .  
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The appl icat ion of two-s tage  continuous liquid ch romatography  (TCLC) on var ious  adsorbents  [1] had 
made it poss ib le  to s epa ra t e  p e t r o l e u m  oils into hydroca rbon  groups m o r e  sharp ly  than can be done by the 
use  of the GOST 11244--76 method.  

Here ,  we are  repor t ing  r e su l t s  f r o m  an appl icat ion of the TCLC technique to the separa t ion  of ce r t a in  
re la t ive ly  low-boil ing p e t r o l e u m  cuts and lube oils with de te rgent  addit ives.  The effect ive separa t ion  of pe t -  
ro l eum f rac t ions  with init ial  boil ing points  of 200~ or  h igher  has  been achieved pr inc ipa l ly  by the use  of an 
improved  eluate v a p o r i z e r  between the ch romatograph ic  s tages ;  in the case  of lube oils with de te rgent  addi-  
t ives ,  this  b e t t e r  separa t ion  has  been  achieved by p r o p e r  se lec t ion of the ch romatograph ic  conditions. Also,  
in the example  of separa t ion  of paraf f in ic /naphthenic  groups of hydrocarbons  in a pe t ro l eum cut,  we have 
demons t r a t ed  the feas ib i l i ty  of using a column with suppor ted  u r e a  in the second chromatograph ic  s tage.  

In separa t ing  these  pe t ro l eum cuts ,  we have used  g lass  columns in the f i r s t  and second s tages  [1]. The 
eluate  between s tages  is concent ra ted  in two v a p o r i z e r s  (Fig. 1) with a condensation and ref lux zone, so that  
l o s ses  of the hydrocarbons  being sepa ra t ed  through vapor iza t ion  and c a r r y o v e r  by the solvents  may  be min i -  
mized .  The opera t ing  conditions of the v a p o r i z e r s  a r e  as  follows: cooling w a t e r  t e m p e r a t u r e  in condensat ion 
zone 15~ iner t  gas  (nitrogen) feed ra te  to v a p o r i z e r  about 120 m l / m i n ;  iner t  gas  t e m p e r a t u r e  at  v a p o r i z e r  
inlet  18~ ra t e  of drop  fo rmat ion  on upper  dropping t ip of v a p o r i z e r  3-4 d rops / r a in ,  and on lower  dropping 
t ip about 1 drop/ ra in ;  o ther  conditions s ame  as desc r ibed  in [1]. 

All-Union Sc ien t i f i c -Resea rch  and Design Inst i tute of the P e t r o l e u m  Refining and P e t r o c h e m i c a l  In-  
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Fig. 1. D i a g r a m  of eluate vapo r -  
izer" 1, 2) eonneetions to f i r s t  and 
second stage eolumns,  respec t ive ly ;  
3) lower  dropping tip (for  concen-  
t ra te) ;  4) condensat ion and ref lux 
head; I) water ;  II) iner t  gas; Ill) so l -  
vent vapor .  

"Hk 
15 Column 7 

, . i ~ I_ J 

6 1R ~n 4~' -r 66 78 
Eluate fraction No. (30 drops each) 

16 
gluate fraction No. 

(5 ml each) 

Fig. 2. Liquid c h r o m a t o g r a m s :  a) TCLC separa t ion  of 
230-340~ cut f r o m  Stavropol '  crude;  b) u r e a - c o l u m n  
sepa ra t ion  of the group (peaks I and 2) of r e c o v e r e d  p a r -  
aff in ic /uaphthenic  hydrocarbons .  Ver t ica l  dashed l ines 
indicate the regions  fo r  col lect ion of hydroca rbons  (peaks); 
peak  A r e p r e s e n t s  i soparaf f ins  and naphthenes ,  peak  B 
n -pa ra f f in s .  

A typica l  liquid c h r o m a t o g r a m  fo r  the sepa ra t ion  of a 230-240~ cut f r o m  Stavropol '  c rude  is shown in 
Fig. 2a. Resul ts  f r o m  a ca lcula t ion of the y ie lds  of hydroca rbon  groups  r e c o v e r e d ,  based  on this  c h r o m a -  
t o g r a m  and on a c h r o m a t o g r a m  fo r  the sepa ra t ion  of a 200-280~ cut f r o m  erudes  produced in the Dnepr -  
Donetsk  Basin ,  a r e  s u m m a r i z e d  in Table  1. As can be seen  f r o m  the c h r o m a t o g r a m ,  the m a t e r i a l  is s epa -  
ra ted  cleanlyiinto five hydroca rbon  f rac t ions  and a res inous  par t ;  a l so ,  the repea tab i l i ty  of r e su l t s  in p a r a l l e l  
expe r imen t s  is good, and the ch roma tog raph i c  l o s s e s  a r e  re la t ive ly  low (see Table  1). 
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TABLE 1. Resul ts  f rom TCLC Separation of Various  P e t r o l e u m  Products  (all  r e -  
sults  re ferred  to initial  sample)  

Sample 

200-280~ from Dne.pr- 
Donetsk Basic cmae 

Average 

230-340"C from Stavorpol" 
crude 

Average 
Blend of AVS- 5 oil and 

MASK additive concen- 
trate (1107o)~ 

Average 

Yield of hydrocarbon fractions recovered,* mass % 
~ c  

-~ ~ paraffinic/naphthenic aromatic 

"~ '~ fraction 2 .~ ~ fraction 1 

0,548~ 
0,5477 
0,5621 

0,~87 
0.5532 
0,5465 

0,2-432 
0,2427 
0,2482 

73,0 
68,7 
73,5 

71,8 (75, I) 
71,6 
77,0 
73,0 

74,0 (76,3) 
48, I 
53,1 
53,9 

53,7 (54, O) 

1,5 
2,5 
0,9 

1,6 (1,7) 
4,7 . 
4,7 
4,5 

4,6 (4,8) 
1,6 
1,7 
0,8 

1,4(1,4) 

fraction 3 

8,2 
6,5 
6,6 

7, ! (7,4) 
3,6 
4,0 
4,3 

3,9 (4,0) 
22,8 
23,1 
23,7 

23,2 (24,4) 

fraction 4 

10,6 
I0,9 
9,6 

10,4(10,9) 
8,7 
8,5 
9,4 

8,9 (9,2) 
9,8 
9,8 
9,7 

9,8(10,3) 

fraction 

5,2 
3,3 
4,7 

4,4(4,6) 
3,8 
3,9 
3,8 

3,8 (3,9) 
5,7 
3,5 
4,3 

L5 (4,7) 

resinous ~ 2  -~ 
part . o ~  

0,3 1,2 
0,4 7,7 
0,2 4,5 

0,3(0,3) 4,4(0,0) 
2,o 5,6 
1,4 0,5 
2,1 2,9 

1,8(1,8) 3,0(0,0) 
5,9 6,1 
4,5 4,3 
4,7 2,9 

5,0(5,2) 4,4(0,0) 

* Values  in p a r e n t h e s e s  inc lude c h r o m a t o g r a p h i c  l o s s e s ,  d i s t r ibuted  in p r o p o r t i o n  
to  the y i e l d s  of the h y d r o c a r b o n  f r a c t i o n s  and r e s i n o u s  part .  

C o m p o s i t i o n  of  MASK addi t ive  c o n c e n t r a t e ,  d e t e r m i n e d  in a c c o r d a n c e  with  p r o c e -  
dure  g i v e n  i n  [5], is  as  f o l l o w s  (in m a s s  %): c a l c i u m  a l k y l s a l i c y l a t e  22 .4  and 21.4;  
a lky lpheno l s  and a lky lpheno l  e t h e r s  27.3 and 27.9; m i n e r a l  o i l  39.2 and 38.4; l o s s  i n  
s e p a r a t i o n  ( inc luding c a l c i u m  carbonate ,  c a l c i u m  h y d r o x i d e ,  and so l id  contaminant s )  
11.3  and  12.3 .  

TABLE 2. Resul ts  f r o m  Mass  Spectrometr ic  Determinat ion* of Structural-Group 
Compos i t ion  of Hydrocarbon Fract ions  Recovered  in TCLC Separation of P e t r o l e u m  
Cuts 

Material 188=a 

Coment of hydrocarbon structures, mass ~ relative to o~ginal sample 
naphthenic ~ 

.o 

e ~  

200-280~ cut from 
Dnepr-Donetsk 
Basin crude 

230-240~ cut 
from Stavropol' 
crude 

3 

40,4 

4~,3 
2,2 

15,6 12,1 

1,1 0,5 

5,3 

0,4 

1,7 0,0 

- C8 
2,8 

gl 07o 
0,4 0,2 

2,0 
0.7 

m m 

1,2 0,8 

21 077 
0,6 1,2 

o7, 
4,8 

3,5 

o7o 
1,2 0,0 

03 Co 
1,4 O,8 

m 

0,1 

1,0 

75, ! 
1,7 
7,4 

10,9 
4,6 

76,3 
4,8 
4,0 
9,2 
3,9 

* Conditions for  taking m a s s  spec tra  in M:X-1303 instrument  and procedures  used  
in calculat ing m a s s  spec tra  have  been descr ibed  in [1]. 
t Fract ions  contain mainly  i soparaff in ic  and naphthenic hydrocarbons  and a very  
s m a l l  amount of aromat ic  hydrocarbons;  the lat ter  w e r e  not invest igated in detai l  
b e c a u s e  of the low content.  
$ Fract ion  did not vapor ize  comple te ly  in the ion source  of the m a s s  spec trometer ;  
mater ia l  cons i s t s  mainly  of h e t e r o c y c l i c  po lycyc l i c  aromat i c  compounds .  

On the bas i s  o f  the data of Table 2 and the curves  for  m o l e c u l a r  m a s s  distr ibution of the a lky lbenzene  
and naphthalene s tructures  {these curves  are  not given here ) ,  we  may  conclude that the TCLC technique wi l l  
g ive  a rather  c lean  separat ion  of aromat i c  hydrocarbons  according to the indicated s tructural  types ,  and a l s o  
a bet ter  dif ferentiat ion according  to m o l e c u l a r  m a s s .  In the groups of paraff inic /naphthenic  hydrocarbons  
that w e r e  r e c o v e r e d  { s e e  Table 2, fract ion  2), the content of  aromat i c  (alkylbenzene)  s tructures  is  very  s m a l l ,  
and hence  the m a s s  s p e c t r o m e t r i c  de terminat ions  of paraff inic ,  i soparaff in ic ,  and naphthenic s tructures  in 
these  groups are  fully re l iable .  
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TABLE 3. Resul ts  f r o m  Liquid C h r o m a -  
tographic  Separat ion,  in Column with Urea ,  of 
230-340~ Cut f r o m  Stavropol '  Crude and P a -  
raf f in ic /Naphthenic  Hydrocarbons  Recovered  
f r o m  This  Cut by Means of TC LC 

2~i e, ld-~ f~ yd m - 
eamongroups ~- 
r mass ~/0 

"~ relative to 230- 
"No 340"C cut* 

Sample ~'=~ 2~~ i I~ =~ 
v . . . g  

a~e 

Group of paraffin- 
ic/naphthenic hy- 
drocarbons (peaks 1 
and 2 in Fig. 2) 

230-340~ cut 

0,4288 1(17,5) $ I(63,1)J 
0,4261 ] (18,9) (63,3) I 
0 3992 (16 7) .(63,0) 

Average (27,7) (63,1) I 
I 

1,0011 I 17,0 82,5 
1,0128 19,0 80,9 
0,9985 16,5 82,8 

Average 17,5(17,6) 82,1 
[(82,4) 

0,2 
0,0 
0,l 
0,1 

0,5 
0,! 
0,7 

0,4 (0,0) 

* I .e . ,  on or ig inal  s amples  weighing 0.5987, 
0.5532, and 0.5465 g, r e spec t ive ly  (see T a b l e l ) .  

The value shown for  the 230-340~ in this cut 
includes the a roma t i c  hydrocarbons  and r e s i n -  
ous p a r t  in addition to the i soparaff in ic  and 
naphthene s. 
$ The values in pa ren theses  include the chro-  
matographic  loss ,  d is t r ibuted in propor t ion  to 
the yields  of the hydrocarbon  groups.  

F o r  a m o r e  detai led analys is  of the paraf f in ic /naphthenic  hydroca rbons ,  we c a r r i e d  out a liquid c h r o m a -  
tographic  separa t ion  of these  m a t e r i a l s  in a column with u rea ,  on a sca le  of separa t ion  cor responding  to the 
m a s s  of these  m a t e r i a l s  r e c o v e r e d  as a r e su l t  of a single TCLC separa t ion .  We introduced ce r ta in  modi f i ca -  
t ions into the p rocedu re  desc r ibed  in [3, 4], as  requ i red  by the p r e s e n t  purposes .  The ch romatography  was 
c a r r i e d  out in a ve r t i ca l  g lass  column, 400 x 7 m m ,  with a t he rmos ta t ed  jacket ,  p r e s s u r e  feed bott le ,  and a 
d rawn-ou t  lower  end plugged with g lass  wool. The column was filled with a mixture  (2 : 1 by mass )  of finely 
pu lve r i zed  d ry  u r e a  and porce la in  chips (0.2-0.3 mm) that  had been p r e t r e a t e d  with HC1, washed,  and dried;  
the wa te r  t e m p e r a t u r e  in the jacket  was held at  25~ The bed of adsorben t  in the column was wetted with 20 
ml  of a mix tu re  of anhydrous benzene with 5% anhydrous methanol;  then a weighed sample  of the hydrocarbons  
(dissolved in 15 ml  of the indicated solvent  mixture)  was introduced,  and was eluted with 60 ml  of benzene,  
holding the t e m p e r a t u r e  at  25~ during these  opera t ions  (eluate col lected in f lask  I). In o rde r  to decompose  
the adduct fo rmed  by the u r e a  with the n -pa ra f f in s ,  the column bed was washed with 40 ml  of benzene at  a 
t e m p e r a t u r e  of 80.1~ (this eluate was col lected in f lask  l-I). After  drying off the solvents ,  the m a t e r i a l  r e -  
maining in f lask  I consis ted  of i soparaf f ins  and naphthenes,  and the m a t e r i a l  remain ing  in f lask  II consis ted 
of n -pa ra f f ins .  

In the ch romatograph ic  separa t ion  in the u r e a  column, whether  opera t ing on the paraf f ins  and naphthenes 
r e c o v e r e d  by the TCLC method o r  on the or iginal  230-340~ pe t ro l eum cut f r o m  Stavropol '  c rude ,  highly r e -  
producible  r e su l t s  and good a g r e e m e n t  of r e su l t s  we re  obtained, and the chromatograph ic  losses  we re  smal l  
(Table 3). An ana lys i s  of the groups of n -pa ra f f in s  (see Fig. 2b) by means  of g a s - l i q u i d  ch romatography  
(Fig. 3) conf i rms  the sha rpness  of sepa ra t ion  of n -pa ra f f ins  f r o m  branched-cha in  and naphthenic h y d r o c a r -  
bons in the u r e a  column. These  r e su l t s  show that ,  in o r d e r  to improve  the separa t ion  of paraf f in ic /naphthenic  
hydroca rbons  f r o m  pe t ro l eum cu t s  with init ial  boiling points  of 200~ or  h igher ,  a column with u r e a  should be 
instal led in the TCLC s y s t e m  of columns in place  of the usual  second-s tage  column with ASM si l ica  gel; the 
indicated hydroca rbons  (total of f rac t ions  1 and 2, see  Table  1) pa s s  into the u rea  column a f t e r  comple te  r e -  
moval  of solvents .  
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Fig. 3. G a s - l i q u i d  c h r o m a t o g r a m  for  s e p a r a -  
t ion of n -pa ra f f in  group (peak B in Fig. 2) r e c o v -  
e red  by liquid ch roma tog raphy  (urea column) of 
paraf f in ic /naphthenic  hydroca rbons  f r o m  230- 
340~ cut of Stavropol '  crude.  Conditions of 
chromatography :  cap i l l a ry  column 5000 • 0.25 
m m  with Apiezon L; f l ame  ionization detector ;  
c a r r i e r  gas hydrogen;  column t e m p e r a t u r e  p r o -  
g r a m m e d  f r o m  150 to 350~ at a heat ing ra t e  of 
6~ sample  volume 1 pl i ter .  

F o r  the separa t ion  of the ASV-5 off with the sulfonate additive S-150, as r epor ted  in [6], the f i r s t - s t a g e  
column in the TCLC (column 1) was packed with Grade  ASK s i l ica  gel containing 30-40% water ;  this packing 
was chosen so as to give breakdown of the col loidal  s y s t e m  and separa t ion  of the hydrocarbon  (oil) p a r t  f r o m  
the sulfonate.  F o r  separa t ion  of this s ame  oil with the a lkylsa l icy la te  additive MASK, column 1 was packed 
with ASK si l ica  gel in a two-sec t ion  bed (one sect ion of ac t ivated gel and another  of gel containing 30% water) ,  
giving the s a m e  effect  with this addit ive,  i .e . ,  s epa ra t ion  of the oil p a r t  f r o m  the a lky lsa l icy la te  [5]. 

The r e su l t s  obtained in the TCLC separa t ion  of the ASV-5 oil with the MASK additive a r e  l is ted in Table  
1. The conditions of separa t ion  were  the same  as in [1], with the following exception: Column 1 was packed 
with ac t ivated ASK si l ica  gel to a height  of 380 ram,  and then with an addit ional 120 m m  of the s ame  f rac t ion  
of ASK si l ica  gel containing 30% water ;  the combined (total) bed of s i l ica  gel in column 1 was wetted with 6 ml  
of n -hexane ,  a f t e r  which the sample  of oil (containing MASK additive),  diluted with 0.5 ml  of n-hexane ,  was 
fed to the column. 

By a c o m p a r i s o n  of the r e su l t s  f r o m  separa t ion  of the ASV-5 oil (see Table  1 in [1]) and the blend of this 
oil  with 11% of the MASK additive concent ra te  (see Table  1 in the p r e s e n t  a r t i c le ) ,  along with IR spec t roscop ic  
data ,  we can conclude that  the ca lc ium a lky lsa l icy la te  addit ive is concent ra ted  a lmos t  en t i re ly  in the res inous  
compound f rac t ion ,  and the alkylphenols and alkylphenol e thers  a r e  concent ra ted  in f rac t ion  5. The sulfonate 
p a r t  of the addit ive S-150 is  concent ra ted  in these  s ame  f rac t ions .  

F r o m  the r e su l t s  obtained in these  s tudies ,  we find that  it is poss ib le  to s epa ra t e  blends of de te rgen t  
addi t ives  in oi ls ,  so as to obtain a concent ra te  of the "ac t ive"  ingredient ,  and s imul taneous ly  to de te rmine  the 
contents of the p r inc ipa l  groups  of hydroca rbons  in the oil; by means  of this approach ,  compara t i ve  ana lyses  
can be made of monotypical  addit ive oil fo rmula t ions ,  o r  changes in the i r  chemica l  composi t ion  during s e r -  
v ice  may  be de te rmined .  
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