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FOREWORD

This report was prepared by Monsanto Research Corporation ,
1515 Nicholas Road, Dayton , Ohio 45407 under USAF Contract
No. AF33615—76-C—2037. The contract was initiated under
Project  3048 , “Fuels , Lubrication and Fire Protec tion” ,
Task 304806 , “Aerospace Lubrication ” , Work Unit 30480686 ,
“Reclamation of Synthetic Turbine Engine Oil Mixtures.”

The work reported herein was performed during the period
15 March 1976 to 15 March 197 8, under the direction of
G. A. Beane IV (AFAPL/SFL) , project engineer. The report was
submitted by the authors in April 1978.

The authors are indebted to Dr. J. M. Butler for his many
helpful suggestions and stimulating discussions , to
J. V. Pustinger and P. L. Sherman under whose direction the
analytical methods were developed and applied , and to
C. M. Moscowitz who performed the cost analysis.
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SUMMARY

The development of a process for reclamation of a used synthetic
turbine engine oil meeting MIL—L—7808G specifications was
carried out . Techniques for characterization of new and used
7808G oils were developed and applied. The components of a
reclamation process were defined and optimization was carried
out .

New turbine engine oils supplied by AFAPL were used to develop
analytical techniques for characterization of additives and
b a se stock components. Most additives were identified by a
literature search and confirmed by thin layer chromatography
(TLC) and h igh  pressure liquid chromatography (HPLC). Several

• were quantified by HPLC . TLC was a useful technique for follow—
iua 11t~t t~ive changes in aromatic additive levels occurring

du r ln ~ r e c l a m a t i o n  studies on used oils. A gas chromatographic
(~~~~ ) technique was developed which characterized each new oil
anJ  wa~ useful for estimating relative proportions of new oils
t ’ou n d  th used oil mixtures. A modified CC technique was used
to identify an additive , tris(B—chloroethyl)phosphate , in one
new oil. Infrared spectrophotometry (IR) was useful in quali-
tative ident lf ’cation of the oil for presence of diester and
triester components.

Used oIls were  characterized using the above analytical tech—
ni lu es .  Four a d d i t i v e s , dioc t y l d i p h e n y l a min e  ( D O D P A ) ,  N—phe n y l —
c x — n a p h ’ hy l a m ln e  ( } A N A ) ,  tricresyl phosphate (TCP) and quini—
:~a x-h ~, were  det e c t e d  in a l l  used oi ls  suppl ied  for  r e c l ama t ion
s~ udi ld s. Two types of’ contamination were found in used oils.
.~~ met  I r i no l  I n s o l u b le  p h a s e  i d e nt i f i e d  as p o l y m e r iz e d  base s tock
was presen t  at low leve ls  in o i l s  w i t h  long se rvice  histories.
Vol at l l e s  u P t a in e d  f rom the  s up p l i ed  used oi ls  were mos t l y  wa te r
and to luene  (foreign contaminates). The only potential base
s tock  degrada t ion  p r o d u c t  d e t e c t e d  was 2—ethylhexanol and it
was present at less than 0.O3~~.

Reclamation studies were carried out following leads developed
by a review of the natural oil and fat refining industry . Six
types  or  processes  were s t u d t e d ;  a d so r b e n t s , d i s ti l l a t i o n , ~id a—
t i o n , tre itment with strong acids , solvent partitioning and
precipitation. The latter two techniques were given very
l im i t e d  e v a l u a t i o n  as they  did not show much p romise .

A study of several adsorbents results in the selection of three
types , basic alumina , an acidic clay (Fuller ’s earth) and char—
c o al , for use in a reclamation proces s .  E v a l u a t i o n  of both
v a c u u m  s t eam d i s t i l l a t i o n  and vacuum distillation showed the
l a t ter  to be q u i t e  useful in separating the bulk of the base
s tock  from a d d i t i v e s , degrada t ion  p roduc t s  and po lymer ized
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base stock . Late in the program substitution of calcium
hydroxide for basic alumina was found to be necessary .

Oxidation of aromatic non—base stock materials present in the
used oils was evaluated extensively using four different oxi-
dants. Use of potassium permanganate in acid solution followed
by treatment with absorbents was very effective in removal of
aromatic materials as determined by HPLC. The oxidation pro-
cesses do present some difficulties with respect to large
scale operation due to formation of emulsions.

Treatment of used oils with concentrated sulfuric acid followed
by lime was shown to remove some aromatic amines. However ,
other treatments, such as distillation , also effectively
removed the amines in addition to other materials thus negating
the need for the sulfuric acid treatment.

Evaluation of reclaimed base stocks was done by determination of
foaming characteristics, acid numbers and viscosities as well
as utilizing the analytical tests mentioned above. These tests
showed that use of adsorbents and distillation was a more reli-
able technique for reclamation than oxidation and use of adsorb-
ents. The concentration of trace metals was well below specifi-
cation limits when adsorbents were used.

Two additive packages developed for use in diester/triester
base stock mixtures showed considerable promise.

A cost analysis of the process was carried out. This analysis
indicates that a continuous batch reclamation process at the
5000 gallon batch size would be cost effective .
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SECTION I

INTRODUCTION

The re—refining and reuse of petroleum base oils has been a
successful standard practice in railroad , automotive , and air-
craft industries for many years. More recently the reclamation
of synthetic aviation oils has proven successful in those appli-
cations involving a specific and known formulation. However ,
this is not representative of normal U. S. military aircraft
operational experience where numerous brands of specification
products consisting of widely differing basestocks and additive
packages are normally mixed in service. An estimated total of
one to four million quarts of used ester based oils are gener-
ated per year which could be collected for reclamation . Re-
clamation of these oils for reuse in military aircraft turbine
engines represents a significant potential source of supply in
the event of serious availability problems . Furthermore , re-
clamation could offer a significant cost savings if the tech-
nique developed is also economical in addition to being tech-
nically effective . Currently available information suggests
that the ester base stocks are not significantly degraded
during use. Therefore , there is potential for recovery of
large portions of the used oils.

The objective of this two-year program is to develop a technique
for reclaiming used synthetic turbine engine oil mixtures and
to demonstrate the technical feasibility of the developed
reclamation technique by restoring used MIL-L-7808 oils to a
satisfactory performance level. This is the final report and
covers the work for the entire program .
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— SECTION Ii

RESULTS AND D1SCUSSION

The development of a general reclamat ion process for used syn-
thetic turbine engine oils that can potentially be applied to a
w ide variety of mixtures of not only oils from different manu-
fac tures but with unknown foreign contaminat ion requires some
carefully selec ted techniques. The approach taken In this pro-
ject is to assume that there Is only a very small  number  of lots
of used oil that would be heavily contaminated with foreign mate-
rials that could not. be readily separated from the base stock.
Based on t h i s  a s s u m p t i o n , the  e f f o r t s  have been concen t r a t ed  on:

( 1)  c h a r a c te r i z a t i o n  of the  o i l s  to i d e n t i fy  p o t e n t i a l  reclama-
t i o n  p rob lems  and a l so  to Iden t i fy  approaches  to a n a ly t i ca l
t e c h n iques  for  d e t e r m i n i n g  w h e t h e r  or not a g iven  lot of
used o i l  could  be r e c l a i m e d  and

( 2 )  deve lopme nt of a r e c l a m a t i o n  process  a pp l i c a b l e  to large
scale operat ton.

A general flow diagram for a reclamation process based on the
above assumption Is shown In Pigure 1. The ri~ost difficult task
i n the  p r o j e c t  is development of a process  for  removal  of the

Analyze to determine
Used Ofl feasibility for

reclamation

Separate insoluble foreign materials

Separate volatile components

•1 Separate additives and degradation products

Reclaime d Base Sto~k1

Replenish additives

‘Jr
I Reclaime d Oil

Figure 1. Idealized Reclamation Process

additives and degradation products that gives a reclaimed base
stock capable of being reformulated with additives to obtain an
oil meeting MIL—L—7808G specifications. Ideally it would be de—
sirable to obtain a virgin base stock after removal of additives
and degradation products.
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In order to develop a reclamation process general enough to be
applicable to used oils whose compositions could range from those
that had been severely stressed to those containing som e appreci-
ab le leve ls of fore ign con tamina tion , a series of used oils was
supplied by the Air Force Aero Propulsion Laboratory (AFAPL).
These oils and their description are given in Table 1.

Table 1

OILS SUPPLIED BY AFAPL

Qu a n t i t y
Oil Description Avai lable

ATL— 602l new oil p i n t
ATL—E022 new oil pint
A T L — 6 0 2 3  new oi] p in t
ATL—6 0214 new oil pint

ATL —6025  new o i l  p t n t
ATL— 602r new ot l pint

ATL—505l used oIl 10 gallon

ATL— 5052 used oil 10 gallon

ATL—70 69 useG oil 50 gallon
ATL—7 07l used oil 50 gallon

ATL— E- 077 used oil pint

ATL— r02 5 usei o ’~l pint

ATL-~~02° u sed o t l  pint
ATL-6030 used oil pint

ATL— 6031 used oil pint

ATL— 6059 used oil gallon

ATL—6060 used oil gallon

ATL—6 0 6 1 used oi l  gallon
ATL—6100 used oil 5 gallon
ATL— 6101 useG oil 5 gal lon

The first six oils, ATL-602l thru 6026 , represent new MIL—L—7808G
that could ultimately be found in current used oil mixtures.
The oils coded ATL-5051 and 5052 were samples of the used oils
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available in large quantities that were to be utilized in this
program for development of a reclamation process. ATL—7 0 69
and 7071 were large batches of used oil provided to demonstrate
the process at a 50 gallon level. Oils ATL-6027 thru 6031
and 6100/6101 are smaller samples of used oil available to
help define the various contamination problems that potentially
could be encountered in a large scale reclamation process
where used oil of many unknown histories could be blended
for processing . Oils ATL—6100 and 6101 have known histories
of 1800 and 1000 hours of operation. ATL-6059 thru 6061 were
supplied as reference oils for standardizing our foam test
equipment.

Throughout this report the following designations will be used
for oils at various stages of reclamation to more readily
indicate the stage in the reclamation process for any partic-
ular sample and eliminate the necessity for lengthy identifi-
cation of each sample.

Designation Sample Description

used oil oil as—received from AFAPL

reclaimed base stock oil that has been processed , no replenish-
ment of additives

reclaimed oil oil that has been processed and additives
replenished

2.1 OIL CHARACTERIZATION

2.1.1 New Oil Characterization

Several characterization techniques were applied to new and
used oils to determine their utility for detecting differences
occurring as a result of oil use. Analytical techniques are
needed to follow the changes occurring during evaluation of
different reclamation techniques , for characterizing the
contaminant present and for determination of the advisability
for attempting reclamation of any given lot of used oil. The
various analytical techniques developed and used in this
project will be discussed as their application occurs in the
text rather than devoting a separate section to discussion of
these techniques.

2.1.1.1 Additives

A literature survey to identify potential additives that could
be found in new MIL-L-7808G oils was carried out. This
information was necessary to allow development of methods to
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insure removal of additives and /or additive degradation products .
This informatio n was also necessary to allow quantification
of any additives that were not comp letely removed during re-
clamation so that proper adjustment in additive level could
subsequently be done. The additives identified in the literature
survey are presented in Table 2 along with a reference citing
their use. This list may not be complete and may contain
materials not actually used in 7808 oils at present but it
represents the best information developed during the program .

Table 2

POTENTI~~ ADDITIVES FOR MIL-L-7808G OILS

Additive Rf Reference

tricresyl phosphate 0 1
tris(~ -chloroethy l)phosphate ND1 2
phenothiazine 2.9 3
3,7—dioctyiphenothiazine 4.8 3
2, 6-di-tert-buty ldimethy lamino-p-cresol 0 4
Dow Corning 200 silicone oil (60,000 MW) ND 5
N-phenyl-a-naphthylamine 4.0 6
N- (4-octyiphenyl) -cz-naphthylarnine NA2 7
4,4’—diocty ldiphenylamine 5.8 8
salicylaminoquanidine - NA 8
quinizarin 2.7 8
Primene—JM—t ND 9
benzotriazole 0 lOa
propyl gallate 3.2 lOb
triphenyl phosphite 0 11

1ND , not detectable by TLC
2NA , not available for evaluation when study was conducted

We investigated the use of UV detection in conjunction with
thin layer chromatography (TLC) to follow the depletion of
any potential additives that can be separated and detected
by this technique. Following the technique outlined in the
experimental section we obtained the retardation factors (Rf )
given in Table 2 on activated silica F-254 for many of the
additives identified in the literature search . This technique
is extremely useful for al lowing quick determination of the
qualitative effects of various reclamation techniques with
respect to removal of known additives .

Additives that were identified via TLC in specific new oils
are g iven in Tab le 3.  Along with the identified additives
each oil contains some additives that were not identified .

4 1 5
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In addition each oil could contain additives that cannot be
detected by ultraviolet light. For example, the silicone
antifoam agent would not be detected with UV.

Table 3

ADDITIVES DETECTED IN M I L — L — 7 8 0 8 G  OILS USING TLC

011 ATL-

Addi t ive 6021 6022 6023 60214 6025 6026

14 ,14’ —dloctyldiphenylamine X X X X X X

tricresyiphosphate X X X

N—phenyl -a—naphthylam ine X X X

quinizarin X X X

phenothiazine X

3,7—dioctylphenothiazlne X

unknowns 1 1 1 3 2 3 3

1Number represents minimum number of unknown materials detected
with ultraviolet light (2514 and 366 nm).

The literature survey and TLC analysis of new oils led to the
identification of many of the additives used in these formula-
tions. However , the identity of the probable load bearing
additives in three of the new oils supplied by AFAPL, i.e.
in ATL—6023, 6025 and 6026, was not established . This informa—‘1 tion cou ld ul timately have been of value when reformul ation
work began in the event a different load bearing additive
would be required for diesters and triesters. The lack of
TCP in either of the diesters suggests this as a possibility .

Since known load bearing additives generally contain either
phosphorous, sulfur  or chlor ine the new oils were ana lyzed for
these elements by x—ray fluorescence . The resul ts are shown
in Table 4. The numbers in the table refer to relative amounts
of the individual elements using the lowest level of each
element as a base . Tris (2-chloroethyl)phosphate is suggested
as a load bearing additive in the literature .

Since ATL-6025 contained both phosphorous and chlorine it was
analyzed by GC for tris (2-chloroethyl)phosphate and found to
contain about 0.7% by weight. ATL—6023 and 6026 appear to
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Tab le 14

P, S and Cl Content of New Oils

New Oll P S Cl

ATL—6021 l.~45 —— ——
ATL—6022 1.56 —— ——
ATL— 6023 —— 1.00 — —
ATL—6 0214 2.38 —— ——
ATL—6025 1.00 —— 1.00

ATL-6026 -- 1.82 --

contain a sulfur containing load bearing additive although at
least some of the sulfur in ATL—6026 comes from the phenothia-
zine additive present.

Once the known and potential additives discussed above had
been identified and a satisfactory high pressure liquid
chromatoyraphy (HPLC) procedure developed for analysis of
many of the aromatic additives (see below), the new oils
were analyzed . The purpose was to identify and determine
the concentrations of the six most probable additives used
in commercial oils to assist in formulation of an optimum
additive package. Table 5 gives the results of this analysis.
One of the six possible additives screened that could have
been detected (UV detector) , triphenylphosphite , was not
found in the oil samples. In addition to the above materials
detected in the new oils ATL-6023 contains one and ATL-6025
contains two major unknowns as determined by HPLC. These
unknowns did not correspond to any of the potential additives
listed in Table 2.

The - high pressure liquid chromatogramns of the new oils under
the operating conditions given in Table 5 are shown in
Figures 2, 3, and 4. The elution times for specific additives
are given below .

p, p-Diooctyldiphenylamine 7.51 minutes
phenothiazine 14.12 minutes
3,7-dioctyiphenothiazine 10.47 minutes

- 
I 

- 
tricresyl phosphate 22.00 minutes
triphenyl phosphite 7.80 minutes
N-phenyl-ci-naphthylamine 9.89 minutes
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Table 5

ADDITIVES IN NEW MIL-L-7808G OILS~ %

Oil DODPA’ PANA 2 DOPTA 3 PTA~ TCP5

ATL—602l 0.83 1.01 PT6 ND 7 0 .95
AT L—6022 1.37 0.57 ND ND 1.11
ATL-6023 1.70 ND ND ND ND
ATL—60214 1.12 1.13 ND ND 1.39
ATL-6025 2.08 ND ND ND ND
ATL— 6026 2.12 ND 1.01 0.29 0.21

i 4,4 ‘-dioctyldiphenylamine
N-phenyl-ci-naphthylamine
3, 7—dioctylphenothiazine
~ phenothiazine5tricresyl phosphate6possible trace
not detected

Analysis conditions: column , Partisil 10/25 PAC
sample , ~8% in cyclohexane , 14
elution solvent , isooctane to

50/50 Isooctane/methylene—
chloride over 20 minute period

f low rate , 20 mi/m m
UV detector , 2514 nm

The development of a high pressure liquid chromatography (HPLC)
technique for detecting and quantifying aromatic additives
was done using a Micromeritics Model 7115—24 instrument and
an ultraviolet detector . The use of an UV detector permits
very accurate measurements of aromatic materials at low con-
centrations , e.g. ppm levels in most cases. Development work
carried out early in the project resulted in several changes
in the procedure occurring at different times so that

¶ chromatograms obtained at different times in the project are
not always comparable. The best procedure developed is given
in Table 5.

During this development process the elution times for several
additives available at the time and two known degradation
products of TCP (i.e. ni- and p-cresol) were determined to
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demonstrate that separation could be accomplished . These
elution times, given in Table 6, were obtained under the
following conditions :

Column : I~-Porasil , 25 cm x 4.7 mmSample: %8% in cyciohexane
Elution Solvent: isooctane/isopropyl alcohol

(97.5/2.5)
Flow Rate: 1.0 cc/mm
Pressure: 750 psi

UV Detector : 280 nm

Table 6

HPLC ELUTION TIMES FOR MIL-L-7808G OIL ADDITIVES

Eluting Time,
Additive mm

Primene JM-T 3.65
4, 4 ‘—dioctyldipheriylamine 3.98
N-phenyl-a-naphthylamine 4. 53
tri-m-cresyl phosphate 6.42
phenothiazine 6.90
tri—p—cresyl phosphate (pure) 7.32
p—cresol 12.94
in—cresol 12.88
berizotriazole ND1
2,6-di-tert-buty ldimethyl- ND
amino-p-cresol

quinizarin ND
tris(2—chloroethy l)phosphate ND
propyl gallate ND

1Not detected

As can be seen, this technique separates the additives and
degradation products (whose identities were known or suspected
at that particular time) except for the last five materials.
Of these only tris(2-chloroethyl)phosphate is not detectable
with (iv. Benzotriazole and 2,6-di-tert-butyldimethylamino-p-
cresol must have been held tightly on the column as they are
on silica gel TLC plates. Quinizarin and propyl gallate must
also have been retained on the column since they are readily
detected by (iv and no detector response was noted . Further
refinement of this technique would be needed to insure that
all aromatic additives and degradation products could be
detected .
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~ . l . 1 .2  Infrared (IR) Spect~-c~Thctometry

I n f r a r e d  ana lyses  were per formed on samples  of new sy n t h e t i c
lubricants to see If spectral differences could be observed
be tween  oi ls  of d i f f e r e nt  t ypes  and commercial  sources .  Infra -
red analyses are useful only as a qualitative tool to char-
acterize used oil samples with respect to the presence of di—
es te rs  or t r i e s t e r s.

E x a m i n a t i o n  of the spect ra  of the new o i l s  in F igure  5 and ~i-
reveals  a c h a r a c t e r i s t i c  p a t t e r n  for  a d i e s t e r  and a t r i e s t e r
o i l.  Oil s A T L — 6 0 2 l , 6022 , 602 14 and 602 5 are all  based on t n —
es t e r s .  This conc lus ion  is based on the fact that these oils
have a much s t ronger  abso rp t i on  at 720 cm~~ ( t h e  a b s o r p t i o n  dur-
to fou r  or more m e t hy l e n e  group s in a l inear  c hü n )  than  do the
other two oils. A typical triester structure , e.g. the pelargonate
ester of t r ime thy lo lp ropane , has a much h ighe r  pe rcen tage  of
methy lene  groups in chains  of four  or more t h a n  for  example  d l —
2 — e t h y lh e x y i  sebacate , a ty p i c a l  d ies te r  oil s t r u c t u r e .

A n o t h e r  c h a r a c t e r i s t i c  of the ATL—6021 , 6 022 , 602 14 and 6025 o i l s
is an abso rp t i on  at about  1100 cm~~~. This abso rp t ion  is q u i t e
s t rong in ATL- 502 1 and 602 14 , is p resent to a lesser degree in
ATL—E -0 5 and to a s t i l l  lesser  degree In ATL—6022 . It is un-
doubtedly associated with C—O—C bond In the ester and its shape
Is I n f l u e n c e d  by the type  of ac id  s t r u c t u r e  in the e s t e r .  More
de~ aI 1ed  s t u dy  w o u l d  be requi red  to e s t a b l i s h  the  e f f e c t  of ac id
st r ~ et ure on t h i s  peak bu t  such work would  be o u t s i d e  the  scope
of thIs preJee 4

A shar a t e r i s t I~’ fe a t u r e  ev iden t  in A T L — 6 0 2 3  and 6026 o i l s  (i.e .
t h e  d i e s ’ en o i l s)  t s  an a b s o r p t i o n  at- 1350 cm~~~. This  may be
ch~~r a c t e r t s t 1 c  of the  a l coho l i c  portion of the ester since it is
In  a reg ion  n or m a l ly  a ssoc ia ted  w i t h  me thy l  group a b s o rp t i o n s .

It  Is In t e r e s t i n g  to note the d i s t i n c t  s i m i l a r i ty  of the IR
sp er t r a  of ATL — 602 1 and 602 14 and ATL—602 3  and 6026.  Based on
IR ev idence  alone these  oi ls  would  be expec ted  to have very
s i mi l a r  base s t o c k s .

2 . 1 . 1 . 3  Gas Chromatog raphy (GC )

Gas ch roma tog raphy  was s t ud i ed  as a po ten t i a l  means of a n a ly s i s
to ass is t  in cha rac t e;Iz ing  used oils w i t h  respect to removal  of
a d d i t i v e s  and degradat ion p roduc t s .  Development of a su i t ab l e
s e p a r a t i o n  v ia  GC would  permit  us to p o t e n t i a l l y  i d e n t i f y  each
c r ) m V s n ~- r t  in  an o i l  m i x t u r e  

~
y a n a l y s i s  via a Gas Chromatography/

Mas s Sp e c t r s r n e t e r / D a t a  Sys tem.  It is u n l i k e l y  tha t  t o t a l  I d e n t l—
f i c a t l o n  of the components  oi an oI l  m i x t u r e  would be a t t e m p t e d .
However , d e g r a d a t i o n  p r o d u c t s  and add i t ives  i d e n t i f i c a t i o n  could
be done to In s u r e  t h e i r  removal  d u r i n g  deve lopment  of a reclama-
t i o n  process .
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Figure Infrared Spectra of MIL—L—78080 Synthetic Ester Lubri-
cants: (A) ATL— 6021 , (B) ATL—6 0214 and (1~) ATL— (~022
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S i g n i f i c a n t  r e s o l u t i o n  of the complex compositions of the six
new o i l s  was a cc o m p l i s h e d  on a H e w l e t t — P a c k a r d  57l0A gas chro—
itat og:-a~ h under the following conditions :

Column : 3% Dexsll  300 on Chromasorb W ,
0 . 2 5 — I n .  OD , 12—ft  length

Sample: ‘~~8% In cyc1oh~ xane
Sample Size:  1 ul

He Flow Rate :  25 ml /mln
Inle t  Temp . : 300°C
FID Temp.: 350°C

Temp . Program : 180— 35 0 °C at 14°C /m m

The chroma~ cg rar :s o~ the  oils are shown in F igures  ‘ thrcu~ h ~~.

It is readily obvious that each oil has a chracteristic patte rn
ind icative of its complex nature .

The triester oils ATL—6021 and 60214 are apparently based on a
mix tu re  of several components  ( p o s s i b l y  several a c i d s)  some of
which  are qu i t e  high boiling, a characteristic of a triester of
a long cha in  a c i d .  Oils ATL—6022 and 602 5 appear to be b a s i c a l l y
one and two component base s tocks  r e s p e c t i v e l y .  Oils  A T L — 6 0 2 3
and 6026 have CC pa t t e rns  s i g n i f i c a n t ly  d i f f e r e n t  t han  the  o t h e r
four  i n dic a t i n g  a d i f f e r en t  basic  s t r u c t u r e . The IR ana lys i s
i n d i c a t e d  these two oils  to be based on a d ies te r  base s tock and
the CC p a t t e r n s  support  t h i s  conc lus ion .  Note tha t  no h igh  boil-
ing components  are p re sen t .  The near ly  super imposable  na ture  of
the CC pa t t e rns  for  ATL—6023  and 6026 indica te  that  these  two
oils have a common base s tock  w i t h  perhaps s l i g h t l y  d i f f e r e n t
p roport ions  of or ig inal  r eac t an t s .

The retention time for three additives was determined to examine
the  f e a s i b i l i t y  of f o l l o wi n g  changes in c o n c e n t r a ti o n  of these
a d d i t i v e s  by GC . The pre sence  of these add i ti ve s  had been d e t e c t e d
in some oi ls  by TLC as d iscussed  earl~~c m ~ i n t h i s  r e p o r t .  The a~ i l —
t ives  and t h e i r  r e s p e c t i v e  r e t e n t i o n  time s are : N—pheny l—~ —
naphth y laiuine ( PANA) , 7 .5  m m ;  t r icresyl phoshpate (TCP ) , a group
of 4 small peaks with ret ention times between 2 4 . 2  and 2 7 . 8  m m ;
and 4,4’-dioctyldiphenylammne (DODPA), 3 4 . 8  m m .  The small PANA
peak and the larger DODPA peak are readily apparent in chromato-
grams of the new oils containing that additive as can be seen by
examining Figures 7A, 7B, and 8A. The peaks for TCP are masked
by other peaks due to ester components. Consequently, GC analysis
as developed here is of little value in general characterization
of additive levels.
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2 . 1 . 2  Used Oil Characterization

2 . 1 . 2 . 1  IR Spectrophotometry

Examination of the IR spectra for used oils ATL-5051 and 5052
shown in Figure 10 reveals that they are very similar , in fact ,
essentially superimposable. Also comparison of these spectra
with those of the diester and triester type shown in Figures 5
and 6 suggest that the used oils are mixtures of both general
types . The absorption characteristic of the diester at 1350 cm-~
is present as is the typical triester absorption at 720 cm 1 .

The IR spectrum of ATL—7069 (Figure 11) indicates that it is
largely triester , i.e. no diester can be detected . The absorption
characteristic typical for triesters at 720 cm-1 is present but that
for diester at 1350 cm-1 is absent. The IR spectrum of used oil
ATL-707l (Figure 11) shows it is a mixture of diester and triester
since absorptions at both 720 cm-1 and 1350 cm ’ are present.

The IR spectra for used oils ATL—6027 and 6028 (Figure 12) indi-
cate these oils to be mainly triesters and also suggest they are
very similar in composition . Oils ATL-6029, 6030 and 6031
apparently contain mainly diester base stocks (no noticable
720 cm-1 absorption) and again are very similar (see Figure 13)
The absorption at 1100 cm~~~, although not identical to those
for the diesters ATL-6023 and 6026 , are similar enough to
support the conclusion that these oils are largely diester based .
IR spectra of oils ATL-6l00 and 6101 , shown in Figure 14, suggest
that both are derived largely from ATL-6023 or 6026 (ATL-6023
and ATL—6026 are very nearly identical as discussed earlier)

One question that has to be answered prior to reclaiming any
given batch of used oil is whether the oil is reclaimable , i.e.
what is the level of foreign contamination? It is doubtful that
the base stock of any used oil will be degraded during use to
such an extent that it could not be reclaimed . However , the
possibility that foreign contamination could be present that
would interfer with reclamation of th” base stock is a very
real one. It would be desirable to have a rapid test or series
of tests that would establish the amount of base stock present
in a batch of used oil. The assumption is that used oils would
probably be collected initially in containers no larger than
55 gallon drums and these could be tested individually prior to
reclamation . In this way any batch of oil containing significant
foreign contamination could be separated out without contamina-
tion of a very large batch. In all likelihood only a very few
batches of oil would contain significant amounts of foreign
contamination but this would have to be definitely established .
The types of foreign contamination present would also have to
be established to insure that they would not interfer with the
reclamation process and result in a non-qualifiable oil after
reclamation.

4 20 

-—-a— ~A’ .
,

~~~~~

.•

ki_~~~~~~~~ ~~i ~~~~~~~~~~~~~~~~~~~~~~~~~~ ____



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

4000 3000 2000 15Q0 CM 000 900 800 700
- . - :- t ~

-
~

-—---
~
--  -_---

~~r
- — ~-. - 1 

~~~~~~~ 1100

WAV ELENGTH MICRONS

( A )

4000 3000 2000 1500 CM 1000 900 800 700
100 - . -- - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—

~~~~
—--—

~~~~~~

WAV ELENGTH MICRONS

(B)

Figure 10. Infrared Spectra of Used Oils: (A) ATL—505l and
(B) ATL—5052

4 21

I.

~~~~

. . 
- .-~~~:‘. .
.~~~- - -~~ 

- 
~~~~~

-
~~~~

-.-.-
~
---- - — -- -

~~~~~~~~~~~ 
T TI I~~~~~~~ - —



~~~~~~~~~~~~~ - -~~~~~~~~~ 

4000 3000 2000 1500 CM ’ 1000 900 800 700
100 - 

~~~~~~~ ~~
—

~
— - 

~ -~~F - - 
‘

~~~~~ 

-
-~~~~~~ 

- 
00

WAVELENGTH IMICRONS ,

(A)

4000 3000 2000 ?500 CM’ 1000 900 800 700
100 j - I  

~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ 
~~~~~

- 

- -

~~~~~~~~~~

2: 

~~~~~~ ~iEI1~HT
;o

WAVELENGTH (MICRONS)

(B)

F I 1 T J r - - Ii . I n 1 r~~ m - I - - ‘~1- r a - - ‘:;- J O~ f t :  ( A )  ATL —7069 and
( B )  A ’~~— ’(07i

4 22



4000 3000 2000 1500 CM - 1000 900 800 700
IOU ~~~ -

~~~~~
-
~
-- -

~
.-- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-L~~~~~L - 100

WAVELEN GTH MICRONSI

(A )
4000 3000 2000 1500 CM - 1000 900 800 700

1 - ~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

WAVELEN GTH MICRONS

( B )
‘1

~~re 12. I n f r a r e d  Spectra  of Used O i l s :  ( A )  ATL —6027  and
(B) ATL—6028

4 23

A- - 
---—--- —- - - 

~~~



4000 3000 2000 1300 CM 1000 900 800 700

WAVELEN GTH MICRONS

( A )

4000 3000 2000 1500 CM  1000 900 800 700 
I ~~~~~~ 

_
~~~~~ 1)00

WAVELEN GTH MICRONS

( B )

4000 3000 2000 1500 CM - - 1000 900 800 700
-- - - - T ~~~~~~~~~ 4- ’ - I - - - - -

WAVE IINGDI -MICRONS

- 

( C )

F~~~
-ar -- ~. Infrared Spectra of Used Oils: (A) ATL—6029,

(B) ATL—6030 and (C) ATL—60 3l

4 24

A - - ‘

~~~~~~-t~~~~~~~

- ‘— “--‘~~J --



- 

4000 3000 2000 ‘1500 CM’ 1000 900 800 700
100 ~~~I I I 

____ ~~~~~~~~~~~ 
- _ I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~::H—~
’
~~T~~~I ~~ IT~~~~±i~~ It~~TI :

20 -— - 

4 
-

~
- - - - 

~~~~
---

~~~~ 20

~~~~ ~~~4~~~~~~5~~~~~~~

_
- 

~
__7
~~~ ~~~~~~~~~

WAVELENGTH (MICRONS)

(A) ATL -610 1

4000 3000 2000 1500 CM’ 1000 900 800 700

~ ~~~I~~~Ili~ ILH60
~~40 -- - - -- - --

~~
-

~~~~~~~
--  

~~~~~~~
- 

I 
-

~~~~~~ ~~~~~~~~~~~ 
--

~~~~~~~~~~~
- - - -  - ~~~~~ - - (  -- -~~- - - 40

z _ ?
_  — ___  

! _ l _.__ — 
r 

___  —t 4— —t ~I — 
I _ — r -~~~ - - I

~ 2: 

~~3 

~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 
- ;o

WAVELENGTH (MICRONS)

(B) AT L-6100

Fi5~ure ~J4~ I n f r a r e d  Spectra of O i l s :  ( A )  ATL —6 lO l  and ( P )  A T L — 6 l 0 0

4 25

_ i~~ i~ ~~~~~ IITI-I ~



The development of these tests , which cou ld potentiall y be
ve ry complex and would necessi tate es tabl ishing the most l ike ly
fore gn contamina t ion  to be encountered , were outside the scope
of th i s  pro jec t .  However , a series of in f r a r ed  spectra were
determined on selected oils to see if the in tens i ty  of the
ca rbony l peak could be used as a measure of the level of base
stock present  in an oil .  It  was expected that  va r ia t ions  in
intens i ty  would be encountered between diesters and t r ies ters
but the poss ib i l i ty  that  the carbony l intensi t ies  of unknown
oils would f a l l-  w i t h i n  a ra nge between the extremes of those
of diesters and t r ies ters  seemed a real poss ib i l i ty. This
assumes that the materials present other than base stock have
no influence on the intensity of the carbony l adsorption except
as a diluent.

The intensity of the carbonyl peak was established by measuring
its optical density on a spectrum obtained in a 0.010 mm cell.
The relationship between optical density and carbony l concen-
tration is linear assuming no interaction between the carboriy l
and diluent. The data obtained are given in Table 7. The
variations in optical density seen in these data established
that the additives influence the intensity of the carbonyl
adsorption sufficiently to negate its use as a measure of ester
concentration. Th2s is readily seen by the data for ATL—7071
reclaimed base stock ~l.59) and reclaimed oil (1.28) . The
optical density for the carbonyl adsorption of ATL-707l , re-
claimed oil , should be 1.52 (i.e., 95.65% of 1.59) if the
additives did not influence the intensity .

2.1.2.2 Gas Chromatography

The gas chromatograms of the used oils ATL-505l and 5052 shown
in Figure 15 support the conclusions drawn from the IR spectra
that the two oils are very similar. The GC patterns suggest
very strongly that the oils are nearly identical if not identical
mixtures. Detailed comparison of the patterns with those of the
new oils indicate that the main oil in ATL-505l/5052 is ATL-6026
with lesser amounts of ATL-6025 and 6022. A rough estimate of
relative proportions suggests about 70% ATL—6026 , 20% ATL-6025
and 10% ATL-6022. These data also confirm the indications ob-
tained via IR analysis that the used oils contain both diester
and triester components , roughly 70% diester and 30% triester.

The gas chromatogram of ATL-7069 (Figure 16) supports the con-
clusion drawn from examination of the IR spectrum . The oharac-
teristic diester pattern is not dominant although it may be
present in small amounts buried under the other peaks. The
major used oils that comprise ATL—7069 cannot readily be identi-
fied indicating this used oil is a complex mixture .
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Table 7

CARBONYL OPTICAL DENSITIES OF SELECTED OILS

Carbonyl
Base Stock Optical

Oil Base Stock Type Leve l1 , % D e n s i t y 2

ATL—602 l  t r i e s t e r  unknown , <97 .2 1. 4 6
— 6022 t r ie s t e r  unknown , < 9 6 . 9  1 .29
— 6 0 2 3  d i es te r  unknown , < 9 8 . 2  1.37
— i~024 tr- h~ ;te r unknown , <96.’1 1. 142
—6025 t i- i~-ster unknown , <96.7 1.57
— ‘ 02t- 4JLest~-i~ unknown , < 9 6 . 6  1.12

ATL—701- -? , u ;~-J ;- i - - ~;t~~r unknc~- -a; l.5~
A T L_ 7 o 6 I~ , r~-~~~~u i r : .~-a ~ ~‘i~~ster 100 1. 49

bas~’ st ac- (-:

triester ~5.  1. 3(
~~-c1a~ med 0 t h  -

A 1:~— 7 0 7 1 , u • ; - - d  d i e~ t er /~ :-i~~: t-u r  unkn- - ul; I .28

AT I — 1271 rec aI~~-d } i !est ’-  i /~~~- - - ; l - i - 100 1.

A1’i~— 707l , ~ J ie st ~~r /t  ~~ ;t~ -u - ~~ .iT 5 1.2 8
r e c li irned  o~~1~

Em- -~-:-1 2 -4 8~ Jiestei- 100
j~r;1~ :’V ~~ q 3 ~~~

I4 t r l e i t - - :  100 1 .6 3

11j :i
1
~~~~ ,

; 

~~ven a.
; l~ ~ t h an wci ’ -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ f r -~~ k~ ; : i ’~J - ~~- of

I e v~-l~; o~ ad ;itivc ; - ie t e i-n ~~neJ du :~~~ an~iiy~ .~ o: o~ 1.-; . A l l
:idd~~t ~ve~; no t identif’~ t~d .

i~~’i tlons :-
~~j~~~~ ~n 0 .010 ~~~1;; c~- l l .

~: 1— . —~~th :.’ihe x y J  ;izela te
~ ‘ :~ -~t vlol~-~- -~I n ;- ; ‘ ;r I -  I I . I ~~
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The aas ;ram;tto ~s o~ the used o~ is ATL—~ 027 t hr - -a AT~ —~ t 3
are -a ;-;:; h i  Pl ume s 17, 10 , an d 19. The :-at tern : r a- :‘~t~~— 027
an d t-029 (Piau;-e 17) :u;-e ~-iemit icai and suaaest ha~ 

* hey can—
a in cia In 1:-’ tr es~~~r : . Oocra son ;-: I h t h-~ - a t  t e r - a s

o i l s  su ~~— e s t  s t :it ~ T L — 6 0 2 7  an-i 1020 n-~ ~-ur ~ riseo o:
’ xt  a re s -

or  cia ~n J v  A T L — 6 0 2 2  and 602 5  w i t h  some 6 0 2 1 .  Th-~ R spe-~;t c-a or
t h e se  t w o  o i l s  w e r e  a lso  ~de a t~~ca l  -

The :-attei’n: :- u- ~\ T — ~~02~
) -i- - i A’2t~— i - O 3 l  shown n Fl - a r - a  1$- ar e

sI : r : i l ar  a l s o .  ~~a r - ~~s- -n w i h  ne;: oIl ratterns in - :~ cy a t h --s e
c~~is to  i a  ma~~n l -  i esceis :-;ade or c . h : t u r e s  of ATL— ’-~~.? (and ”::-
602 - ) w~ t h  l e s s er  a m o u n t s  at ’ i ’022 an d 6 0 2 5 ,  ~ - -il 1:’ ; - : i s e- n t  n
di: i;-an~ r a t i o s  in the tw ,~ -a: ’ -d ‘~~is .  The ~at t e : -n  re: u s es  o l
A2d— ~ 030 .;h :- : n in FI~~u ;-c i~) i n L  I - s a t es  i t  t o  t e  ma inl y a - ~~ c-:t--;-
o~ 1 : - c I - : ’ s ad p r o b a b l y  a :  a m i x ’. ar - c  - f ATL— f fl23 ( a n d  ~-:- i~ (-02-)
and  - 02 -

I1’~ sa: c ’arcata-;-ac; :; of AT~ —e 100 and I~1Ol sh- wn In F -are 20
hat b J-t h u is are l a r , -a - lv  2 lester-: ; - The onl y ot her

id ’ -ntifhahie nc- ;-, o~ I cam: anant Is AT: —6022. The d~~f t - - i - - - - - s  ~n
rat- sutton t~±~~; that can la r~- ’ t ~~J i-~- t - c- -en th- se chr- - -~r ;aL ’
and th e pr’-vlous ones- are du- - to a chan,-~ hi the i~~~~~

-
~~~~-: rate Yr

25 to 30 ml/r-;~ n .

2.I.0. ~dd ItIves

Charac t - -r is-at ion of the ad l itiv as - I:; used oils ATL—5051 and
A T L — 5 0 5  by TLC indicate that at- least eight additives and/or
d e g r a d a ti on  p r o d u c t s  are  ; ;-e s e nt  in e a c h  o i l .  The a d d i t i v e s
I d e n t l Y l e d  are : DODPA , TC~ , FANtI and qa~ nlzarIn. In addition
f o u r  u n k n o w n  m a t e r i a l s  were  de~~e c t e i  I n  e a c h  o i l .  The u n k n o w n
a d d i tiv e s  are i d e n t i c a l  a g a i n  ind ~• c a t I n ~ t h a t  t h e  t w o  o i l s  may
be i d e n t i c a l  as was su ~-~~ested  by t he  IF and GC d a t a .  The HPL O
p a t t e r n s , shown in Figure 21, dIffer in  t h a t  t h e  r e t e n t i o n  t i m e s
are very s im i l a r  bu t  t he  peak h e ig h t s  of severa l  peaks  are s ign iu I - - -
c a n t l y  d i f f e r e n t  p o s s i b l y  i n d i c a t i n g  different additive levels.
H oweve r , it is also possible that a sligh t change 1c ~ the  wave-
length used for detection of these materials would cause the chanie
i n peak i n t e n s i t y  observed.  No d e f i n i t e  c o n c l u s i o n  can be d rawn
from t h i s  da ta .  It Is In t € ~ - . s t i ng  to note  tha t  the  DOD~ A p~~ak
(‘~.3.6 m m )  is still present in the used oil ind~ cat iric that this
a d d i t i v e  h i-i no t  S : r ; L f ’ i c a n t l , ’ - i - ~~i’:iJei i r h ~~ US” -t ’  hh~ ohi .

The HPLC pattern of ATL—706 9 shown In  F I g u r e  22 i n d i c a t e s  few
aromat~~c materials present in the oil. The peak at- about 10 mm
represen t s  DODPA ( 0 . 5 6 % )  and the  peak at about  13 m m r ep resen t s PA~ A
( 0 . 1 8% ) .  Th i s  is the lowest level  of DODPA found In  any  of the u: — - ’d
o i l  samples a v a i l a b l e  I n  t h i s  p r oj e c t .
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The level of identifiable aromatic materials found in ATL—7071
was DODPA (1.55%), PANA (0.13%) afrd 3,7—diocty lphenothiazine
(DOPTA) (0.24%). The HPLC pattern is-’shown in Figure 22. The
difference in retention time and peak intensity for common
materials in the chromatograrns for J~TL-7069 and 7071 is theresult of slight changes in instrumental operating conditions
and attenuation respectively.

The HPLC patterns of used oils ATL-6027 and 6028 shown in Figure
23 shows the same phenomenon observed in the patterns for ATL-
5051 and 5052, i.e. same peaks but different i n t e n s i t i e s .  Since
these two analyses were done on different days slight changes in
both retention time and peak intensity would not be considered
uncommon . The fact that the GC and IR patterns for these two
oils were also identical strongly suggests the same source for
both samples.

The similarity observed between the GC patterns for oils ATL-
6029 and 6031 (F igure 18) and IR spectra (Figure 13) does not
ca rry over into the HPLC patterns (Figure 24)  - Therefore one
would have to conclude that the oils are not identical mixtures.
The HPLC pattern for ATL-6030 (Figure 25) is somewhat similar to
ATL—5051 suggesting similar compositions . This conclusion is
supported by the GC data also except that ATL-505l contains some
ATL—6022 that is not in ATL—6030. This analysis shows the value
of being able to look only at the materials present in low con-
centration as well as materials present in high concentrations.

2.1.2.4 Degradation Products and Foreign Contamination

The acid numbers of the used oils were determined as per ASTM
D—664. Acid numbers found were as follows : ATL-5051, 0.35;
ATL—5052 , 0.45; ATL—6l00, 1.41; ATL—6101 , 0.32; ATL—7069 , 4.09;
and ATL-707l, 0.87. An acid number of 0.30 was found for

• ATL—6026 run as a crosscheck of the method . These values
indicate relatively little degradation of the base stock/additive
mixture except for ATL-6100 and 7069.

These latter two oils have either undergone significant degrada-
tion or contain a foreign acidic component.

Dilution of the used oils ATL—5051, 5052 , 6027 thru 6031 , 6100
and 6101 with n-pentane did not precipitate any material or
cause any turbidity . However some noticeable differences in
turbidity were noted when the same oils were diluted with methanol.
ATL—6100 and 6101 gave very turbid mixtures with ATL—6l00 giving
the most turbidity . This suggests some polymerization either of
the base stock and/or of some additive . PANA is known to form a
low polymer on oxidation (Ref. 6) but this polymer comes out of
the oil as a sludge and would probably have been removed during
filtration if present. The other used oils did not give any
more turibidty than can be observed by dilution of new oils with
methanol.
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Oil soluble organosi l icones  are known to cause severe foaming
problems when p resent even at low levels in tu rb ine  oi l s .  Since
organosilicones  can be introduced into the oil dur ing  use a
l imi ted amount of anal y t ical  work was done to determine if low
levels of organ osi l icone could be detected . I t  was found that
the silicone antifoarn agent could be detected at the one ppm
level by Fourier transform nmr in solution . However , when the
nmr spectrum of an oil containing about 10 ppm silicone anti-
foam was obtained it was fo und that  there were peaks from the
remaining const i tuents of the oil  in the same region as the
s i l i c o n e — m e t h y l  peaks .  We were not able to make a measurement
i n  the one to f i f t y  ppm range wi th  the requi red  accuracy
because of t h i s  i n t e r f e r e n c e .  There are other approaches
u t i l i z i n g  nmr t h a t  could p o t e n t i a l l y  remove the in t e r f e rence
from these peaks .  Also Four ier  t r a n s f o rm 1R could f eas ib ly be
used for this analysis. 1~”~ further work was done since laterrec lamat ion  studies did not reveal any problem with soluble
silicone.

The d e t e c t  ion a r r d  c h a r a c t e r i z a t io n  of es te r  d e gr a d a t i o n  pr o -do -c ’
and v o l a t i l e  f- :re lg-n  c o n t a min a t i o n  was  a pp r o a c h e d  by t r r i N - i r .o a l l
v o l a t  l i e s  coming- f r o m  t h e  o i l  at 150— 160 ° C/i  mm and a n a l y z i n ~— t h e
rr-:-duct s by gas c hr o m a t o g r a p h y — m ~~o~ s p ec tr o sc opy .  Tt~c e x r  e c te d
es- er d~~c on p o s I t i on  p r o d u c t s  f rom M I L — L — 7 8 0 8  oI l s  are o l e f i r i s ,
a c : -h o l s -  and a c i d s .  The v o l a ti l i t i e s  of t h e  e x p e c t e d  o l eY ~~ri: and
a lc nh lo are  s u c h  t h a t  t h e y  w ou l d  d i s t i l l  d u r i n g  t h i s  t ap -p In g .
operatIon . A water layer and an org-an 1 c layer were obtained ?rc -rc
AT~ —5C”~l and 50~ 2 and the org-anic ayers analyzed by gas c h r c - m a —
to ss-achy— c-ass - s-pc-ctroscopv . ATL—505 1 oil gave about 0.5~ and
A T P — ~- O 5 2 a b o u t  0.  3~ o rr ~t n i c  v c - l at  l i e s .  The or’g -ani c frost b r
Yr .  A T : — 5 D ~,i o i l  s h a w € - d t h e  f : l l a w i n g -  compc i n - i s -  : t o l u e n e ,
c h l - -- r - Yes -c . ,  cy c l o h e x a ne , C 2 — C t a, — b e n z e n e s , C 9— fl i i  alkac-e : , 2—
at  h:.- I h - ~x a n - - l  and p o s s ib ly  a t r a ce  of ~ C 10 a l k e n es  w i t h  toluene
b e I n g -  h :-~- Y a r  t h e  ma jo r  c o m p o n en t .  The p a t  t e r n - s w-s r .- t o o  c- s r .a l e x
t o  r~-a~~t I v  a Y f e r - d  f u r t h e r  i d e n ti f I c a t i o n  cY c o m p o n en t s .

The srectral lattern for the volat iles from ATL—5052 was much
sim~ ler . Tai le 3 lists thra c mp c-nants f-s ors d along - with the n—la—
t 1’: -~:,s-it jr - s of t he  soronr--’st ic- : reaPs- - These rf-ia~ lye

~~-ri sI~ ~-~r- ar- a very roug-h i n - ~f l c ;~t ~-:-: 0? t h e  r e l a t I v e  ac- :-~r t
o Y c o c a  m a t e r i a l .  F ar t h e r  au a n t - b Yl  - sa t  : an was riOt c an s  i- l cs r- - ’d
:I— -c~-s s-ar:, :or t h s p r ~T~.1ec t 

-

Th,:~ r -r e s e n c e  of 2 — e t h y i h e x a n o l  in b o t h  used o i l s  i n di c a t e s  t h a ~~ .
eith-~r some ester degradation has occurred or pcosil-ly there was
residual 2—ethyihexanol in the oil l o f t t h ~-:-a from the ori g-ina l
synthesis. Assum ing- that the relative inte rsit 1€ - s of  t h e  st r a n g - —
est l o u  t- ’-aks i a t h ~ - mass  s p e c t r c g - r - s i r ,  are d i r e c t l y  pr c ’p or t i  ana l
to c o n c e n t r a t i o n  the  amount  of 2 — e t h y l h e x o u - : 1 In ATL —505 1  was
c a l c u l a t e d  to be r o u g h l y  0 . 0 3 % .  Th i s  w o u l d  be a r e a sonab le  le-c -s l
for  r e s i d u a l  a l c o h o l  l e f t  f rom s y n t h e sI s .
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Table 8

VOLATILE PRODUCTS IN ATL—5052 OIL

R e l a t i v e  I n t e n sit
Compound of Strongest  Ion

to luene  100
C 10— C 1~ alkanes  21
2 — e t h y lh e x a n o l  114

x y l e n e s / e t hy l b e n z e n es  8
cycl ohexane
chloro form 3

m e t h yl no n a d i en e  2
C7—C 8 adipates 2
C 4 — c y c l o h e x a n e s 2

C 4— b e n z e n e s  1
dii sopropylbenzenes  0 .5

1 Rela t ive  to to luene

The known diester oils - were a f l a l y~~ed f r th e  p - s - e s - - n c - -  of
ethylhexanol along with ATL—5051 and ATL—5052 . The gas chn-auaa to—
graphic analysis technique was modified to perm it ~1 - t e c t l m  of
2—ethylhexanol . Absolute concentrations of 2—ct hyihex-anol iri
these oils were not obtainable due to the prezer!lce of other c-s ri —
pounds eluting at approximately the same place ~: he an a l y s I s .
We were ab le to e s t a b l i s h  lower l i m i t s  for  2—eth :ab h exan - 1 arid
found these to be less than 0.03% in all four oils. The
data suggest that the 2—ethylhexanol detected ii ATL—50 51  and
ATL—5052 most likely came from the original base stocks and did

• not occur as a result of base stock degradation , i n -any  e v en t
if base stock degradation has occurred , it. has been to a very
limited extent in these oils.

The presence of aromatics , aliphatics and chloroform Indicates
ex te rna l  con t amina t i on  of the  o i l s .  The alkenes  could  poss ib ly
be due to es ter  degrada t ion .  Their  low levels  would suggest  very
small  amounts  of degrada t ion  If t h a t  Is the  source .  The C 7—C 8
ad ipa tes  are p robab ly  components  of the  base s t o c k .

The o ther  used oi l  samples  were topped at 150°C/iS mm Hg to
de te rmine  v o l a t i l e  l eve l s .  The r e su l t s  are given be low .

• Used 011 ATL— 6027 6028 6029 6030 6031 6100 6101
Wt % Volatiles 0.2 0.06 0.12 0.05 0.05 0.02 0.02

* The volat i les  in a l l  o i l s  were mos t ly  water  as de t e rmined  by re—
fractive Index measurements. The lack of organic volatlies suggests
that these oils were handled or stored differently than ATL—5051 and
ATL-5052. 
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2 1 . 2 . 5 M e t a l s  A n a l y s i s

Three new o i ls  and the fou r  ma jo r  used o i l  sacs- l en  w ar - a ana~~v:a-
for metals content via emission spectrography to obtain a bench-
mark with respect to the potential problem of removal of metals.
(The new o i ls  were ana lyzed  to serve as a cross check of the
t e c h n i q u e ) .  These samples had been f i l t e r e d  to remove suspended
pa r t i c l e s  tha t  could p o t e n t i a l l y  have also con ta ined  m e t a l s .  The
r e s u l t s  of the ana lys i s  are given in ToPic () along w i t h  the  maxi-
mum values permitted under MIL— L—7808G specification.

Several metals are present. in amounts in excess of the spee lfi—
cat ~uns but only Fe is p-resent at excessively high level -s in O r i e
s a m p l e .  O ther me ta l s  f o u n d  bu t  not  l I s t ed  in ~ I L — L — 7 8 0 : 1  were
Si , ~Iu , Ho , Na and Pb - Si , Mn , Ha and Na were found in t he- ne t -.
oils at less than 2 ppm and at less than 8 pr-ri in t h e  used o i l : .
Pb was not found in the new o i ls  bu t  was found  in the used oils
at an e s t i m a t e d  0 , 50 , 2 1 and -32 ppm fo r  A TL—~ O~~l , 5052 , 70e0
and 7071 r e sp e c t i v e l y .

Table 9

METAL S CONTE NT OF OIL SAMPLE S 1

Metal  Conten t  ppm 
—-

Oil Code Al Fe Cr Ag Cu Sn Mg Ni Ti

MIL—L—78 08G 2 3 Li 3 1 1 14 3 24 1

ATL—602l <0.1 0.2 <0.1 <0.1 <0.1 0.8 <0.1 <0.2 <0.2

‘1 ATL—6023 0.1 0.2 <0.1 <0.1 —0. 1 1 <0.1 <0.2 <0.2

ATL—6026 0.2 0.2 <0.1 <0.1 <0.1 0.8 0.2 <0.2 <0.2

ATL—5051 0.7 8 3 - 0 . 14  0.8 2 0.7 0.2 2

ATL—5052 0.8 8 Li 0. -Li 1 3 2 0.2 3

ATL— 7069 3 0 3 .5  0 0.7 0.8 5.3 0 0.3 O h

ATL—7 0713 0 2.6 7 . 7  0.1 i.~ 6 .8  14 .3 0.1 6 .5

1Value s obta ined by emiss ion spec trogra ph ic ana lysis  us ing a
& Lomb Emission Spectrograph (dual grating)

Values given are maximum values permitted by specification
Values obtained as per MIL—L—7808G specification procedure .
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2 . 2  STUDY OF POTENTIAL RECLAMATION PROCESSES

The approach taken to development of a rec lamat ion  process for
the s y n t h e t i c  ester  oils was to take advantage of the vast amount
of technology available as a result of the development of the
natural oil and fat refining industry . Considerable information
is ava i l ab l e  on many processes  for  removal of a variety of impur-
ities in the natural oils and some of this appeared to be adapt-
able to removal of the add itives and impurities found In the
synthetic oils. The methods evaluated that appeared to be appli-
cable to the types of additives and Impurities expecte d were :
use of a l k a l i n e  m a t e r i a ls  (aqueous  or adsorbent ) for removal of
ac ids , use of a c i d i c  m a t e r i al s  (aqueous  or a d s or b e n t)  for  r e r u nv a l
of bases , d i s t i l l a t i o n  ( l o w  pressure and/or steam), use of b l each -
ing earths and/or activated charcoals , chemical b l e a c h i n g -  p r o c e —
dure s , and s o l v e n t  p a r t i t io n i n g .  I n a s m u c h  as p o s s i b l e  t he  s t u d y
of these  t e c h n i q u e s  w i l l  be d i s c u s s e d  s ep a r a t e l y .  H o w e v e r , m u c h
of the  e f fo r t  has I n v o l ve d  combinations of two or more of t h e
above te ’chr~I ~ues and c o n s e q ue n t l y  a sharp  s epa ra t  ion of t h e  a u’?ect
of each is r - - t a l w a y s  p o s s i b l e .

The re are t w o  genera l  ch a r o c t e : ’t n t ~. cs 01 u sed  o i l s  t h a t  ~-n ~ ve~~ttheir c- . r u t  Inu e i use in an e r i c l n e - . They can c o n t a I n  J- -g ra-i a ~on
produc t : ;  of us - any  ty pes - b u t  spec I f~ s - a l l y  the u- -ss - a i at i - -n s  a ?
adutt lves r e n d e r ’s  t h ’ -se o i l s  lens e f f e c t i v e  han  : r- - ’ roi n --i
for  con t  luu e -I  S -p t  us -u n e t i s i n - - i - e u -  f o r - r ~on c e  . A l so the s ’. r’ -ssed oil
forms hight - :- molecular wet ~-ht  base s~ ock m O t e s -  a l s  r e - su i t  ~ng In
Increased viscosity, p a r t i c u l a r l y  at  low t em p e r a t t u u ’ e - n .  I d e a l l y  a
reclamation p i e c e s - s  s h o u l d  remove all -degradation product : (as
well as- f or e I~-n m a t e r i a l:)  to obt am a b a s - e  s t o c k  t hat can I - a
reformulated to- an oil meet hi - ’ s p e c i f h -a t  i o n s .  The f’ - l l c w l r u e
s- I x sec t  o t i s  d l  scu: or gene  X’Oi techn I ~ue s tha’ we i- a s ud - -d

• to  remove  rot n ly  :tdd~ t I ye de gr a d a t  I - - u’ pr odu cts and for-alga con—
taminan’ - ;  (a l . o r b e nt s  , oxiU:tt i- -n , t r eat  neat w i t h  sul furic aci J
and s o l v e n t - p a r t i t  i o n in g )  and t w o  up ~aches (distillat ion and
precipitation) to i- -strove 1-olyc:evi :cd base s t o c k .  s t  i l ia t  ion and
p r e c i p~~t c t l o n  can  p - t en t  ~: ly ;c- - r k  f o r  b o t h  g en era l  a reas  d e p e n d i n g
on t h e  d e s u - - t i o t  ion p r o d u c t  I n v a l v e d .

Separation of polymerized base stock can only be approached by
taking advantage of the differences in volatility, solubility or
molecular size of the normal and polymerized base stock. Distil-
lation and precipitation take advantage of the differences in
volatility and solubility respectively. Separation by size
differences can be readily accomplished by exclusion chromatog-
raphy but this is much too costly a process for large scale use.

4 
~

- 44

L ~~~~~~~~~~~~~~~~ 
-- 

_



2 . 2 . 1  Ad sorbents

The initial efforts in development of a reclamation process in-
volved study of the effect of various adsorbents on removal of
n o n — b a s e  s tock  m a t e r i a l s  from a used o i l .  At the same t ime samples
of used oil were treated with aqueous acid and base in an attempt
to extract out basic and acidic components respectively. In each
case  when t r ea ted  w i t h  acid or base the  used oil  m i x t u r e s  t u rned
p u r p l e .  I t  was also noted that  some of’ the oils f luoresced  at
366 m~i. Since the occurrence of color formation with acids and
bases  and f l u o r e s c e n c e  are u n d o u b t e d l y  c h a r a c t e r i s t i c  of some of
the a d d i t i ves present  in these  oi ls , an a t temp t was made to use
the se  q u a l i t a t i v e  tools  to fo l l ow  change s in a d d i t i v e  levels upon
treatment with adsorbents.

The e f f e c t  of c o n c e n t r a t e d  s u l f u r i c  ac id  and lN NaOH on color
f or m a t i o n  and the  f luo rescence  c h a r a c t e r i s t i c s  of several of the
supplied oils are given in Table 10. N o t e  t ha t  the  new o i ls
ATL—6 023 and 6026 have the same combination of responses to all
t h ree  qu a l i t a t i v e  t e s t s .  The IR and GC ana lyses  of these oils
also suggested that they were very similar . ATL—602 1 and 6022
also  have the  same c o m bin a t i o n  of r e s p o n s e s .  P rev ious  a n a l y s e s
have shown these oils to be different so the similarity of
r e sponses  here sugges t s  a p a rt i c u l a r  a d d i t i v e( s )  pr e s e n t  in  b o t h
i s -  r e s p o n s i b l e  for  t he  r e s p on s e s .  A l s o  no te  that t he  used o i l s
a l l  g - t v e  p o s i t i v e  r e s u lt s  w i t h  a l l  three tests. This could only
happen if the used oils were comprised of mixtures of at least
two other oils or one or more of the qualitative tests was
caused by the degradation product of an additive .

Used oil ATL— 50 5l was t r ea ted  wi th  seven d i f f e r e n t  adsorbents  and
the p roduc t s  charac ter ized  w i t h  the qual i ta t ive tes t s  and via GC
analysis. The results of the qualitative tests given in Table 11

4 indIca te  tha t  something was removed by t reatment  wi th  basic Al 2 0 3,
activated charcoal and bentonite according to the NaOH test . Use
of all seven adsorbents  resul ted  in an improvement In color w i t h
use of attapulgus clay, basic A1203 and charcoal resulting In
colors s imi lar  to new oils  ATL — 602 ~4 and 6025 .

GC analyses of ATL—505l after treatment with adsorbents showed
only a very minor  change In one small peak in a few cases. The
only except ion  was the comple te  remova l of one small peak on
t rea tment  w i t h  charcoa l .  Since the changes were so minor the GC
pa t t e rns  were not inc luded  here .
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Table 10

MISCELLANEOUS CHARACTERISTICS OF OIL SAMPLES

- Color Formed With Fluorescence
Oil Code Conc . H2 S04 iN Na OH at 366 m~i

NEW OILS

ATL-6021 none none strong

ATL—6022 none none s t rong

ATL—6023 red purple none

ATL—602Li red—orange purple strong

ATL—6025 brown none s trong

ATL—6026 red purple none

USED OILS

ATL—5051 purple purple strong

ATL—5052 purple purple strong

ATL—6027 purple l t .  purple
ATL—6028 p urple lt .  purple  st ; nc

ATL—6029 purple  i t .  purple
ATL—6030 dark purple it. purple w-

ATL—603l dark red it. purple 5~~1n1IP
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Table 11

EFFECT OF ADSORBENTS ON ATL-5051 OIL 1

Color Formed With
Sample No. Adsorbent Treatment Conc. H2SO~+ 1/V NaOH
ATL.-5051 —— dark brown purple purple

l9~ O02— l—A l attapulgus clay yellow dark purple purple
19i4002~ 2~ A1 basic Al 203 yellow dark purple none
1924002— 3—Al activated charcoal yellow red—purple none
l924002— 24—Al lime red red—purple it. purple
l9u4002~ 5~ Al bentonite brown dark—purple none
1924002-6-Al silica gel brown purple purple
19-~.002— 7—Al Fuller ’s earth brown red—purple purple

1 F’l-oorescence  at 366 m~ was s t ro ng in al l  cases

Thrt-e adsorbent types were selected for further study based on
the above results. These are basic alumina , charcoal and two
clays , attapulgus clay and Fuller ’s earth. The qualitat ive
efficiency of these adsorbents was followed ush: TLC. Used
oil ATL—5 051 , topped to remove all volatlies bo Iling- below
150°C/15 mm (conditions readily attainable in larger scale o p — r - —
ations) was used in these studies.

•1 Treatment of the topped ATL—5 05l with 10% by weight of basic alum-
ina at about 65°C for one hour resulted in partial removal of one
unknown additive . Activation of the alumina by drying at 200°C
for 4 hours prior to use resulted in more extensive removal of the
unknown additive . The same trend was found when the oil was heated
with attapulgus clay at about 65°c for one hour . N—Phenyl--~ —
naphthylamine (PANA) was partially removed with as received clay ,
more compiet€ly remove d with heat activated clay and apparently
completely removed with acid activated clay . In addition 14 , u 4 ’ ..
dioctyldiphenylam ine (DODPA) was partially removed with the acid
activated clay. Acid activated Fuller ’s earth appeared to do at
least as well and possibly somewhat better than attapulgus clay
as determined by TLC .
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A q u i c k  series of sc reen ing  t e s t s  were run to c h e c k  the e f f e c —
tiveness of basic alumina , Fuller ’s earth and charcoal In re-
moving DODPA from an ester solution since it was the main addi-
tive not removed by adsorbents . This was done to see if another
mater ia l  in the  used oils was i n t e r f e r r i n g  w i t h  the  adso rp t ion
of DODPA. No significant adsorption of DODPA from amy l acetate
was found by TLC analysis showing that the Inability to adsorb
DODPA is inherent in its structure .

The above acid and base treatment were repeated using anueous
systems to see if any advantage could be found. Extraction with
lN NaOH removed an unknown additive . Extraction with 3N HC1
appeared to result in complete removal of PANA and partial remov-
al of DODPA. No benefit could be found by usiu -n~ the aqueous sys—
tems as determined by TLC. Also the potential for formation of
emulsions when using aqueous extractants and used oils- of
potentially widely varying compositions makes the use of
aqueous extraction rather unattractive for a i-~eneral reclamat i on
process - .

Treatment of the oil with activated charcoal u;i~-nificant ly improved
the color’ but did not appear to remove anytoing- as determined ~yTLC . However , GC analysis indicated removal of one material.

Evaluation of the use of acId ion exchan ge- resins for removal
of basic materials established that these resins are not suffi—
ciently active to be useful in this program. Treatment of an
oil with an acid ion exchange resin activated by treatment with
HC1 and methanol (Ref. i~ did not result In sli-nif icant removal
of the amine - antioxidants present in the oil. Similar results
were obtained by treatment of a model system of a 1% solution
of’ DODPA in amyl acetate with the ion exchange resin. Dis-
cussions with the resin manufacturers technical staff Indicates

• that we tried the optimum conditions and the lack of success
‘1 indicates that the  antioxidants are not sufficiently reactive

with the ion exchange resin.

Discussions with an MRC ~onsu1tant , Dr. K. Kammermeyer , concern-
ing- adsorption techniques and materials resulted In the evalua-
tion of polyacry lonitrile , polyester and nylon as adsorbent s- for
the used 7808~ oils. These materials have been found to be use-
ful I n  some rather specific adsorption -applications In hydrocarbon
based oils. TLC analysis of ATL—5 052 treated with each material
i n - h eated no benefit from their use for this program .

Late In ~he program cfter the adsorbent ‘reatment . series had been
selected used oil ATL—706~ was received m l  a trial reclamation
at t- - - r r j t e d .  A s ample  of  A T L — 7 0 ( q  was- r e c l a i m e d  u s l n s -  ~he s e l e c t e d
p roces s , i . e .  dt :t i l l a t i o n , t r - -a tmen i t w I t -h  F u l l e r ’ s e a r t h , b a s ic

4 4 8



a lumina  and charcoal .  The acid number of the reclaimed base
s tock  was 1.76 , a value well  in excess of any value prev ious ly
obta ined on reclaimed base s tocks .  The ac id  number of ATL— 7 06 9
was also high , i . e .  ~4 . 0 9 .  Since basic  alumina did not lower
the  acid number s u f f i c i e n t l y  a brief  s tudy of the e f f e c t  of
c a l c i u m  hydroxide  on acid number was carr ied out using A T L — 7 0 6 9 .
Treatment  of the used oil  w i t h  various weight  levels of C a ( O H ) 2
for  one hour at room tempera ture  produced the resul t s  shown
below . It is not known why the C a ( O H ) 2  level vs. acid number
is an inverse relat ionship but the ef fec t iveness  of C a ( O H ) 2  is
well documented by the data below .

Wt.% C a ( O H ) 2  Acid  No.

0 4.09
2 0 . 0 2 4
5 0.05
7 0.07

10 0 .0 9

A sample  of ATL— 7 06 9 was rec la imed  by t r e a tmen t  w i t h  2 w t . %
C a ( O H ) 2  ( t o  lower ac id  n u m b e r ) ,  d i s t il l a t i o n  and treatment with
Fuller ’s earth , Ca(OH)2 (In place of A l 0 3) and charcoal. The
reclaimed base stock was then reformulated as discussed later
i n  t h i s -  r epo r t . The ac id  number s  at s e le c t e d  s t a g e s -  were  as
f o l l o w s :

Stage in Reclamation Process Acid No.

Initial
After Ca(OH)2 treatment 0.2
After distillation
A f t e r t r e a t m e n t  w i t h  Ful ler ’ s ear th , Ca (OH)~~, cha rcoa l  0 . 0 - ~After reformulation 0.13

t h e se  : - e s : it s  a -st W I  I s - h a d  tb: f h i s - ,  a - l s o : - i - e n t  t r e at  r e n t  s-a i i e n c c
~~ 

: ‘ : j ( j J } ) , F a l l e n ’ s e a r t h  and cn a i - c o a l .

O n c e  a F~~- ’ ~ r - c cedu re had been d e v e l o p e d  t h e  e f f e c t  of t r e a r  in g  a
use~i o il with adsorbents was reevaluated. HPLC analysi s of ATU—

ci with charcoal , attatpu lgus clay and bauxite (has -ic
a - o r r i r a )  fn ~~rs- thre e sources- showed only one c h a ng e . An e a r l y  e l u t —
lag corrp or i eui t was - significantly reduced in concentration ifl all
cases- as ~1ius t rated In Figure 2t . Since few differences tetwel - u
a d s - o r - t e n ’ t r e a t m e n t s  cou ld  be shown w i t h  t h e  v a r i o u s  analyt Ical
t e c h n i  ~-acs It  ap~-ea red  l i k e l y  t h a t  o t h e r  r e c l a m a t i o n  t e c h n i q u e s
i n  a H ~~t .1on t o  a d s o r h e n t s - -  wc -u ld  b e r e q u i r e d  t o  o b t a i n  a s a t l s —
f : m c ’ ory  r e - c  l a ir - e d  b ase  s t o c k .
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The above  t e c h n i q u e  for  t r e a t m e n t  of used o i l s  w i t h  a d s or b e n t s
r e s u l t s  in s I g n i f i c a n t  loss of oIl  on the  adsorben t . Losses car :
run as high as 35% a f t e r  pass ing  th rough  th ree  a d s o r b e n t s .  We
therefore examined techniques for recovery of the adsorbed o i l
to reduce  t he se  losses.  The o i l  can be readily recovered h:~-washIng the adsorbents with hexane followed by vacuum strlpning
of the hexane. The recovered reclaimed base stock is lighter in
aprearance than the reclaimed base stock that passes through the
f i l t er .  No significant differences can be detected by HPLC. Use
of mo re p o l a r -  so lven t s  r e s u l t e d  in removal  of adsorbed  m a t e r i a l
fr-cr: the adsorbents. T h i s -  t e c h n iq u e  cut  losses to 1 to 2 % per
a ds o r b e n t  t r e a t m e n t .

D i s t i l l a t io n  of the  oil  f rom the  adso rben t s  was also ev a l u a t e d  as
a means of r e c ov e r i n g  the r e t a i n e d  o i l .  Used  oil  A TL—5052 was
d i s t i l l e d  f ro m F u l l e r ’ s e a r t h , b a s i c  A 1 2 0 3 and n e u t r a l  charcoa l
and a n a ly z e d  for  occur rence  of degradation. High pressure
liquid chromatograms (Figures 27 and 28) and acid numbers (Table
12) were obtained on the distilled oils. The acid number -s indi-
cate decomposition of the base stock when distilled from Fuller ’s
earth and charcoal.

Table l

A C I D  N U M B E R F  O F OIL DI STILLED FROM ADSO R BE NT S

Samr l~- To t a l  A c i d
N u m b e r  T r e a tm e n t  N o .

200059 I n i t i a l  ATL— 5 0 5 2  d i s t i l l e d  0.56

2000 60 200059 d is t i l l e d  f rom Fu l le r ’ s ea r th  1.73
200061 200059 distilled from basic Al 203 0.59

200062 200059 distilled from neutral charcoal 1.35

A strong acid type odor was also noted in the sample distilled
f rom Fu l le r ’s ea r th .  The chromatograms show tha t  s i g n i f i c a n t
changes occurred when the oi l  was d i s t i l l e d  from Fu l l e r ’ s earth.
These data I n d i c a t e  t ha t  oil  recovery from adsorbents  by d i s ti l -
l a t i o n  Is not  f eas ib le  except  p o s s i b l y  w i t h  basic  A 12 0 3 .
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Stud ies  In the  n a t u r a l  oil and f a t  r e f i n i n g  i n d u s t r y  have shown
t h a t  the  e f f i c i e n c y  of ad so rben t s  can be i n f l u e n c e d  by c h a ng e s
in t emp er a ture  and p re s su re . These e f f e ’~ts were  s t u d i e d  u s i n g -
b a s i c  A 1 2 O 3 and a sample of A T L — 5 0 5 2 .  The r e su l t s  shown in
Tab le  13 show t h a t  t e m p e r a t u r e s  of 50—70 ° C are s i g n i f i c a n t ly
b e t t e r than room t e m p e r a t u r e  w i t h  respect  to removal  of a c i d s - .
P ressure  has no e f f e c t .  The response to temperature is s im i l a r
to  tha t  found  in r e f i n i n g  of n a t u r a l  o i l s .  A n a l y s i s  t- y h i g h
p ressure  l i - a u l d  chrcr:atogra;-hy did  not show any e f f e c t .  of tem: - -- r-—
a t ur e  on t ti ~ e f f i c i e n c y  of ’ rer.-oving a r o m a t i c  a d d i t I v e s .

Table 13

E ~E CT CF V AR Y N O TE 1PE RAT UR E AND FRES SU F E
4 ON B A S I C  A l 2 0 3  E F F I C I E N C Y

~ot a ~
Samp le  Aci d
N umber  T r e a t m e n t  C o n d i t i o n s  N : .

200059 Initial ATN—5 052 distilled 0.56

20006- 3 1’ A1 2 O 3 t r e a t m en t  of 20 00~~9 ~ 5 0 — 7 0 ° C / 7 s - O  ~ 0.04

2000 72 C Al 2 0 3 t re a t n . € - n t  of ’ 20005°  ~ 5 2 — 7 0 0 :’/5 m~ 0 . 0 3
2000 7 2A A 1 2 O 3 t r e a t m e n t  of 2 0 0C~- 9 2 0 ° C / 7 6 0  n m  0.13
2000 7 2H Al  2 0 3 treatment of 2 00059 ? 20°C -‘5 mm 0.15

Al l  th ree  a d sor b e a t s  were a lso  e v a l u a t e d  for  t h e i r  efficiency in
r e d u c i n g  the  ac Id  n u m b e r  of h i gh  a c i d  number  o i l s .  As e x p e c t e d
b a s i c  A 1 2 O 3 was most  e f f i c i e n t  bu t  charcoa l  and F u l le r ’ s- e a r t h
also w-: rk as shown by the- d a t a  in  Table  14- .

Table  14-

EFFECT OF VARIOU S -  ADSO RBE N TS ON TOTA A C I D  NUI-IB ER S

Sample Total Aci d
Number  T rea tmen t  ( 5 0 — 7 0 ° C / 7 6 0  mm) N c .

200 059 Topped ATL— 5 0 52 d I s t i l l e d  0 5 6
200063 1’ 2000 59 t rea ted  w i t h  ba s i c  A 1 2 O 3 0 . 0 4
20006 3C 2000 59 t r ea t ed  w i t h  charcoa l  0.13
200 063F 2000 59 t rea ted  w i t h  Fu l l e r ’ s e a r t h  0 .14
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Some l imited work was done on use of adsorbent columns for  t r e a t —
ment of the oil. Since use of adsorbents in columns is a more
desirable  method for  large scale t reatments , the r e l a t ive  ef fec-
tiveness of the batch and column methods were compared . The
viscous oil passed through columns very slowly and a high percent-
age (15-20%) was retained on the column . Dilution of the oil with
he xane allowed a s u f f i c i e n t l y  rapid f low rate  in the column and
only a very low percentage of oil was re ta ined on the column ( < 2 % ) .
Evaluation by TLC did not show any significant differences in the
two techni ques. The large re ten t ion  of oil  on the column and low
flow rate are d is t inct  d isadvantages  of the column method .

The - f e a s i b i l i t y  of doing adsorbent  t rea tments  in heated columns
us ing  long contact times was also evaluated . P rev tous ly  we had
evaluated adsorbent col umn s at room temperature  and found batch
t rea tment  to be bet ter  overa l l .  Used oils were passed slow ly
( 15 -20 minu te s )  through columns of basic A l 2 03 and Ful le r ’ s ear th
held at 60 -70°C.  All  addi t ives  came through very quickly on the
basic A 12 03 column ind ica t ing  l i t t l e  u t i l i ty of th i s  technique for
A 1203 . The use of Fu l l e r ’ s earth was considerably bet ter  wi th
the more polar addi t ives/degradat ion  products (as indicated by
the i r  locat ion on TLC p la tes)  bei ng held back for  a considerable

- l ength  of time . This indica tes  the poss ib i l i ty  that  Ful ler ’ s
ear th  could be used in a heated col umn method p a r t i c u l a r l y  a f t e r
d i s t i l l a t i o n.

The analysis of various oil samples by TLC indicated that some
addi t ives  are less polar than the base stock and some considerably
more polar .  Those addi t ives wi th  po lar i t ies  s imi la r  to the base
stock appear to be e f f e c t i v e ly removed by charcoal .  These polar-
i ty  d i f f e r ences suggested that  i t  might  be possible to pre t rea t
an oil sample wi th  cha rcoal to remove selected addit ives and then
use a second adsorbe nt ( i . e . ,  A 12O ) in a column chromatographic
type process and selectively elude the less polar addi t ives  pr ior
to e lu t ion  of the base stock . This techni que was given a very
l imited eva lua t ion .  U n f o r t u n a t e l y the base stock and the less

‘1 polar addi t ives  eluded together .  A techni que based on these
pr inc ipa ls  could probably be developed but based on the limited
da ta obtained it would probably be qui te  d i f f i c u l t  to make it
general  eno ugh to be applicable to any possiblb mix tu re  of used
oil mi x tures  that could potent ia l ly be obtained .

It is sometimes possible to mix adsorbents and thereby reduce the
number of operations needed to treat a material with more than
one adsorbent. This was attempted with the three types of ad-
sorbents used in this program . Three ATL-505l oil samples were
treated with a mixture of basic Al203, Fuller ’s earth and char-
coal and the resultant reclaimed base stocks compared with those
obtained from treatment with individual adsorbents. Evaluation
by TLC indicated more complete removal of materials by the multi-

‘ step process. Two materials effectively removed by the multistep
process were still present in the samples treated with the
adsorbent mixture .
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2 . 2 . 2  Ox ida t i on

Oxida t ion  of I . i ipuri ties In na tu ra l  o i l s  and f a t s  Is a u s e f u l
t e c h n i q u e  for convers ion  of these m a t e r i a l s  to p roduc t s  t ha t
are read i ly  removed. The s t r u c t u r e s  of the  a d d i t i v e s  in MIL—L—
7808G oi ls  suggested tha t  many of them shou ld  be r eadi ly  o x i d i z e d
w i t h  s trong o x i d i z i n g  agents of the type  used in oil and fa t  re-
fining. It was suspected that their degradation products would
also be easily oxidized. Also the potential degradation products
from either hydrolysis or pyrolysis of the esters (I.e. alcohols
and o le f ’In s)  should be e a s i l y  o x i d i z e d  t o  p r o d u c t s  ( a c ~~d - )  t ha t
could be readily removed.

Fo ur chemica l  o x i d I z i n g -  ag en t s  were chosen fo r  s tudy . These were :
sodium d ich romate , p o t a s s I u m  pe rmangana te , c a l c i u m h y p o c hl o r lt e
and hydrogen pe rox ide .  The p rocedures  used were  those recommended
by A n d e r s o n  ( R e f .  13 ) .  Th~- o i l s  were  mi xed w i t h  d i l u t e  aqueous ,
a c i d i c  s o l u t I o n s  of ~ c’ c - x i d l z l n g -  ag en t  and h e a t e d  at about  60° C
u n t I l  o x i d i z i n g -  agent  ~as n-~ lc - nger  c on s u m e d .  The excess  o x i d i z i n g -
age nt  was  de s t royed  and t h e  o i l  separa ted , w ashed and d r i e d .  The
fou r o x i d at i o n  s y s - t e m o s- arc  d I r e c t l y  compared in Table 15 .

Table l~

EFFECT OF O X I D A N T S  ON ADDITIVES PRESENT IN ATL — 50 5 1

Relative ThC Spot Intensity of Additives Detectable
San~ le Qulni— Old New Materials

No. Oxidant ~JDPA 1 PANA 2 ~~p 3 zarin Unkno~rns ~ Un~mowns 5 RemainIj~g

none strong strong n~ dium strong 4- 0 8
194-777 KI~hO~, light light light ND6 1 2 6

•1 194772 Na 2Cr 2O 7 lIght light light ND 3 3 9
194775 Ca(ClO)2 light light ND ND 3 2 7
iq4-~7o H 2 02 strong- strong light ND 14 3 10

‘14 , 14 ’ Dioctylthpheny lamine
2 N— Pheny l—cz-naphthy lamine
3Tricresy lphosphate

LINu:thers indicate number of’ ~xithown materials detected that are also present
in unt reated ATL~-5051

5Niimters indicate number of un~mown materials detected that are not present
in untreated ATL-5051

6ND, not detected
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The potassium permanganate and calcium hypochlorlte systems
appeared to o f fe r the  most promise  in terms of the  to ta l  number
of ma te r i a l s  remove d , the number  of o x i d a t i o n  b y — p r o d u c t s  developed
and ease of h a n d l i ng .  It is i n t e r e s t i n g  to note t ha t  C a ( C l O ) 2
appeare d to remove TCP whereas  the other three oxidants did not .

Each of the oi ls  from the above four  t r ea tmen t s  were s u b s eq u e n t l y
treated with activated basic alumina at 60°c , an activated acid
c lay  t r e a t m e n t  at 60 °C , and a cha rcoa l  t r e a t m e n t  in t h a t  order
in an attempt to further remove additives , degradation products
and oxidation by—products. The data shown in Table 16 illustrates
t he  t o t a l  n u m b e r  of m a t e r i a l s  removed w i t h  each absorbent as
determined by TLC uslno UV d e t e c t i o n .

-: 
T a b l e  16

EFFECT OF ADSOR B ENTS ON O X I D I Z E D  OILS ’

Samp le  O x i d i z i n g
N- - . 

- 
Age n t A 1 203 Clay Charcoal Unknow ns-

l 9 7 14 O S ~~C - KMn0 ~ 0 1 0 5
l °Y ’7 °— C  Na 2 Cr 2 O 7 5 1 0 6
l- I7 4- 0~

_ C Ca (ClO)2 1 1 0 5
l9~4 71 0—o H 2 0 2 2 1 0 7

1 N u m o b o r s -  re f e r  to t c t a  n u m b e r  of NV d e t e c t a b l e
ma ’ - - m- i r s  r em o v e d  by t h .p- l I s t e d  t r e a t m e n t

The ENs - C , t r ea  t f o l lo w e d  by su~ se vuem t t rea~ rnent w i t h  a l l
‘1 t h r e e  a - i s - - r ~ •~s- ’ w a r -  repr~a~ eI ,s~ as- 2 . 5 t i m e s t b -  he a t i n o  t~~me

of ‘he c- m; --i r-at - - t i a - a t m o - ~~.~ d I s c u s s e d  above  ( 3 75 hr vs 1 . 3  h r ) .
-OnI :  a t r acc -  of P A N A  a n — i an unknown were d e t e c t e d .

These ia-s sIts wt -re alsa d - : - cu m e a ~ es v ia  h I gh  pressure liqu Id
oh s - .  n a t o , -r -~ h ic  a n a l y s i s  - The- H P N C  c h r - a m a t  o g r a m s -  of th e  v a r i o u -:
o il samn ~~ - s  a ry  s h :- w n  in i~-N gut ’e - s  -‘9 ,  30 a n d  ~l .  The e f f i c i e n c y
of  t h e -  ENs - -~~ o x t  d a t  l O s -  I s  r e a l l  ly a~ p -arent  - It is i n t e re st I n g -
t o  a e th~1 ’ ~s - v t w - - r r -  i a c t s-  ~h’-I t  w -~re n t h e  o r io ln a l  use - i
o i l  sam~ I- -- 13  r ema in  In  ~ ht - p o t a s s i um  p e r m a n g a n a t e  r e -at  ed
s-ar . ;  1- - . Thy s-~ a re  the m at ’-ri a ls w i t h  a 9 . 2 7  m i n u t e  r e t e n ti o n

l m.r- a n d  a :5. m I n u t e  r e l en t  I r-n t i m e . The mo a t  e r i a l  w i t h
the  L21 n~~mou ’ e r’ t - ~ c-s - t  : n t~~~~~TTa - was iden ti fied as N—pheny l—a—
na~~htn :.-1arY.rv . The- ident~~ty of’ the othe r rn a t e r a 15 not known .
N _ r h e r . : .’ l _ r ~

_ - a ;  h ’ h y l a m o l n e -  Was - pr e sen t  at 0. 007~ i n t h e  p o t a s n i  urn
~c~r m a n g a s - a~ e t r e a t e d  s am p l e .  The r e m a i n i n g  m a t e r i a l s  del e c te d
I : - . t h i s  H D L f l  analysis m u s t  t h e r e f - m-e - be o x i d a t i o n  b y — p r o d u c t s  of
the  r at~ - r I a l s  t h a t  were in the  o r i g i n a l  u se-i  o i l  s a m p le .
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197408-C: ATL-5051 treated wi th KMn0~, A1 203, acid clay and charcoal

Figure  29 .  HIgh Press u re Liquid Chromat ogra rn s of 011 Samples
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197403-C : ATL -5051 trea ted wi th Ca (ClO)2 , A1 203, acid clay and cha rcoa l

~
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E lut ion Time , minutes

194779-C: ATL -5051 treated wi th Na 2Cr 2O7, A1203, acid clay and charcoal

F Igu r e  30. High Pressure Liquid Chromatograms of Oil Samples
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194770-0: ATL-505l trea ted with H 202, A1 203, aci d clay and charcoal

• F igu r e  31. High  Pressure  L i q u i d  Chromatogram of Oil  Samples
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Further purIfication of the reclaime d ATL—5051 was accomplished
by d i s t i l l a t i o n  th rough  a 14 —ft V ig reaux  column . Most of the
c o n t a m i n a n t s  remained In the  pot or c ame over In the very ear ly
f r a c t I o n s .  The }-iPLC ch romatogram s  of two of the  middle  f r a c t i o n s-
are shown In Fl us-c 32. C~ mparlson of these chromatograms with
the  i n i t i a l  r ec l a ime d oil shown in Figure 29 as sample 197 110 8_ C
shows some Improvement  in t h a t  fewer  peaks are present  and that
t h e  N — p h e n y l — a - - - n a p h t h y l a m i n e  c o n t e n t  has dropped to b e t w e e n  0 . 0 0 1
and 0 . 0 0 3 %  w h e r e a s  it was 0 . 0 0 7 %  in t he  o i l  a f t e r  p e r m a n g a n a t e
and adsorbent - treatment. TLC analysis of these fractions showed
t h a t  the ma~ or cs -a~ onen t  d e t e c t- a b l e  by TLC had been  removed  by
d I s t I l l a t i o n .

P e - t  ass urs ~-e - s -m:s~ng-anate was t h e  f i r s t  o x i d a n t  s t ud i e d  p r i  or t o
the StU IIt - s- discuss~-J above . At that time the oxidatIon was
do ne - a f ’  t i ’  t h e  absorben t-  t r e a t m e n t s .  The samples  o b t a I n e d  WE - : -:
a n a l y s t - i  v i a  a m H P~~C m e t h o d .  T h - -  r e s u l t s  t a bu l a t e d  in  Tab le -  17
wi t h kn wn msameri a ls - Identified at the various elution times , are
n o m - s a l :a- - i to reflect the amount of each mater ial removed r e - l a —

I ye to t he am o a n ’ os-i gina Jy resent in ATL—5 05l . The p r c - I~~ct
m t  x’ i u c~ -cI b t h e  va ri ous t s-t at n e n t s  ( a s  e v i d e n c e d  by a m o j - e - a l - u n r -e
of ne~ e - ak s  or a s l o c i l f i c a n t - in c r e a se  In  t h e  r e l a t i v e -  v a l u - -  C-f
a n e - a k )  w e m - - ’ a l l  p I t - s e n ’. i n  v er y  I - - a  ar - r a n t s .  I i P L C  chrorat og- :-a:-:
of he-se s~ m-~ I c r - ar e m - s - e s - c n t  ed in  F I gu r e r -  33 t h y - u  35.

These results show the benefits of the oxidation treatment. Treat-
ment with basic a lumina  removed ‘~~t~~~ a-  and para—TCP and the cresols
but  the m a j o r i t y  of the other de tec table  products  remained . A
second treatment with A1203 (sample 194750-3) removed a consid-
erable amount of ~-ui-u-TCP but little else. An acid clay partially
removed some other  c o n t a m i n a n t s  but  s u r p r i s i ng l y  did not s i g n i f i-
c a n t ly a l t e r  the level of the two a m i n e s .  O x id a t i o n  w i t h  KMnO 5.
removed most of the DODPA , about 50% of the PANA and a l l  the mate-
r i a l  e l u d i n g  at  4 . 9 5  m m .  However , as can be seen several  by-
products were in t roduced . The i n t r o d u c t i o n  of these by-products
is what  prompted us to reve rse the procedure and do the oxida-
t ion f i r s t  followed by the absorbent  t r e at m e n t .

The air v - - ~-iies - showed t h a ’ ENs - V ~ con s i s ’ -n ~ l v  ~ : i v - -  a r e
c a m -u i -  ‘ - -  a - v-a l of mo-a~~-r als -Je t e - c t  at - l e  v i a  • s-c T~~’ ‘ E - c t n  iUO

t - .as - i: ::~j~~l 0 ) 2 .  Tr~r-ats.es -t of AT~ — 5 0 P l  w t t h  ~~- m ~~~ xNda ’ i - n
is.- a i r - -r ’ p ’ i on w i t h  t a c l o  aluttIna , an a e~~-i cThy n i l  -char—

cau ~ g-r.a- a p m - - - - i u c ’ that exh ii ’ed - - mol y r:~~- r-~~~t or T i ’  an~~1 y r - - t s
(~~~~~ i - t’ - - -tl on) . ~L~~s s~~n~m~ - s - m o ’ ( :-i f ~- u ) w a s  n t  m r - - s - -m t In ‘h e

a n -  M .  —~ O 9 l n - a  did I’ c o r r - € - sp o r .d t o  a n y  k I T  w m .  T i l d I t  I v e s
Ta a~ m - a s-~-n ’ 1:.- ~~ 

-
~ an ox Idal~~cn r rc-d uc t -

A var I ~~~ of at  • t m ;  s we a- - ma -I - - o re-ira - 5’ . - t h i s -  r - - s a  n m g -  r I’r- -I-J C ’ -

The e - x a - - ’  s t r u c t u r e  of b - -  r a - - d u c t  w as  - - -a . b u ~ I t  a p m e a r ~ d
11k iy  ‘ha ’ it w ould con ’ a a  an nc~ lye hv~h- -m— .-: sine s it a m; eare d

~~~~~ an  r - x i d a l  I s  r -r- ~r J u- .-a . Te- c h f - -~~ t h i s -  ass -’a-pai s- Th- part Tally
r e f  ne - I  o i l  w u r ~ r - e - a -~t~ - d w T t h  h - r y l  i s o c y a m a ’ e • - x p e c ’ i n ~’ t l a ’
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E l u t i o n  Time , m i n u t e s

197410-F: Sixth fract ion from distill a tion of 197408-C

a)
Co *

Elution Time , m inutes

197410-I : Ninth fract ion from dist illation of 197408-C

Figure 32. HIgh Pressure Liquid Chromatograms of 011 Samples
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F i gu r e  35 . High P r e s s u r e  L i q u i d  Chroma tog ram of Oi l  Samples

any acid or prima ry or- secondary base functionality present In
the unknown impurity would react giving a new compound and there-
fo re a d i f f e r e n t  R f value on TLC a n a ly s i s .  No change in the TLC
spot  l o c a t i on , shape or color occurred  in d i c a t i n g  no r e a c t i o n .
Also the material was not removed by adsorption on a strong- acid
io n exchange  res in  or by r eac t ion  w i t h  s u c c i n i c  anhydr ide . The
lack of reactions with these different materials suggested that
the product was a neutral species.

A 7/2/1 m i x t u r e  of A T L — 6 0 2 6 / 6 0 2 5 / 6 0 2 2  ( t h e  p o s t u l a t e d  c o m p o s i t i o n
of ATL—5 05l) was subjected to the above reclamation procedure
used on A T L — 5 0 5 l .  TLC a n a l y s i s  of the refined mixture gave the
same unknown product as foun d In refined ATL—5051. This indicates
that the unkr cwn in thc refined used oil was coming fron. an addi—
t i v e  r a t h e r  t h a n  an a d d i t i v e  d e g r a d a t i o n  p r o d u c t .

Some work was done to Identify the source of this material ,
r e a s o n i n g -  t h a t  once the  source  was  i d e n t i f i e d , t hen  work on re—
rav ing that material prior to oxidation would improve our p u r i f i-
c a t i o n  technique . Oxidation of PANA , phenoth Iazine and DODFA in
amy l a c e t a t e  w i t h  p o t a s s i u m  pe rmangana t e  e s t a b l i s h e d  t h at  the
source  of t h e  unknown was most  l i k e l y  DODPA . Since  o t h e r  work
w i t h  absc - r t - - e n t - s e s t a b l i s h e d  tha t  DODPA could  not  be removed com-
pletely with the absorbents used , other methods were investigated.

S iree DODFA Is an amine , methods based on the reactIon of the
amine  f u n c t i c - n were studied. Efficiency of Isocyanate react ica
was s ud ied  u s ing  pheny l  I s o c y a n a t e  as a model compound .  R€-ac —
t i O n  of DODPA and pheny l isocyan~~ e in amy l acetate did not corn—
p le t e ly  rer:ove DODPA even w i t h  a d d i t i o n  of a c a t a l y s t , use of
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heat , and/or lor g reaction times. We , therefore , decided to dis—
c o n t i n u e  work  on a t t e m p t s  to  remove DODPA p r i o x -  to o x i d at i o n  u n t i l
it had been established whether the reclaimed oil could pass
qualification tests without removal of the unknown by—product from
D O DFA.

At  the  same t i m e  we were  s t u d y i n g  the  r -eac t~~on of DODPA w i t h
pheriv 1 i s o c y a n a t e , we also looked at r e a c t i o n  of p h e n yl  i s o c y a —
nate with other potential amine additives present in the oils to
see- w h a t  e f f e c t  if  any an i s o c y a n a t e  t r ea t m e n t  w o u l d  have on t h e i r
removal. Benzotriazole and N—pheny l—~ —naphth lamine and phenothia—z inc  were r eac t ed  w i t h  pheny l  i s o c y a n a t e  in amy l a c e t a t e .  In each
ease , some reac ti on was I nd i ca t ed  but  removal  was not  corr~ le t e .

Since KMnO~ oxidation removed the aromatic additives so efficiently
an attempt was made to improve its use. The oxidations discussed
above using water soluble oxidizing agents required that the oxi-
dation occur between reactants in two different phases , i.e. oil
and water. Use of quaternary salts are known to solubilize
inorganic anions in an organic phase (effect phase transfer) and
potassium permanganate oxidations using this technique are known
(Ref. 14) . When this technique was applied to the used oil using
potassium permanganate and tributylbenzy l ammonium chloride (phase
transfer agent) the oxidation occurred as expected but significant
emulsion problems occurred during work up. The emulsion problems
negate any other potential benefits that could be derived from
this technique .

The e f f e c t  of d i s t i l l a t i o n  and o x i d a t i o n  on some of t h e  r e c l a i m e d
base stocks was studied. A comparison of the gas chromatograms
of a d i s t i l l e d  oil  ( sample  2000 33 )  and ATL — 5 0 52 (F igu re  36 shows
a dec rease  in amount of componen t s  eludi ng beyond  28 m i n u t e s  in-
dicating removal of h igher  b o i l i n g  components. Subsequent oxi-
dation and treatment with adsorbents results in disappearance of
materials eluding at 6.7, 1’4.1 and 29.14 minutes as can be seen
by comparing the chromatograms of samples 200033 and oxidized
200033 (sample 200038). The materials eluding at 6.7 and 29.14
m i n u t e s  have been i d e n t i f i e d  as pheny l  C l — n a p h t h y l a m i n e  and d i—
o c t y l dip h e n y l a m i n e  r e s p e c t i v e l y .  The i d e n t i t y  of the  o ther  pro-
duct is not known . Distillation of 200038 again removed only
the high boiling materials as shown in the chromatogram for
sample  2000140 (Figure 3 7 ) .

High pressure liquid chromatographic analysis of sani~rles 2OOC~ O and
2 O O ~~141 , ( o x i d i z e d  and d i s t i l l e d  A T L — 5 0 5 2 )  d e m o n s t r a rc  th r— ef ~~e c t i v e —
ness of the reclamation process for removal of aromat ic non—base

- 
- stock materials. These chromatograms are shown in Figure 38.
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It  was s h ow n  earl!cr that some c-f t h . -  n~-w o i ls , i.e. AT~ —~ C ~~ ,

b O2 5  and 6026 , can t am sulfur- and chl -r i n e  c- n t a~ r r c -  ad-i t I i - - e s
t h a t  are not readi y d e t e c t a b l e  by CC or i- iPLC t e - ~-~n iq~~-c s.  S in c e
t h e s e  o i l s  are  c o m p o n en t s  of A T L — 5 - 0 5 1  and  5052 1’.. w a s  of ir • ’
to determ ine the affect of s-am-i _  of t h e  r e c l a r s a~ t o n  t c - c h n I -~ues -cr
t he  r -re sence of these  a d d i t i v e s .  Th e scn ’.  ~uan~ t~ a t i v e  - I a ’ .  a
~n Table  13 were o b t a i n e d  by an X — r a y  f l uc re s c e n c e  anal :,”. ica.
t e c hn ~~cue . These da t a  are n o r m a l i z e d  w~~th  r e s p e c t  t - s t h - . - levc-
of sulfur and c h l o r i n e  in t h e  u n t r e a t e d  u se d  oHs ta ~~~ u r-ate
dei -- l e t  to : -:. The h t g h e r  sc-If-ar 1ev- i_ i s  in t w o  of  t h e  sar - .; ~-~r r- ’- —

he ser. quan ~ i ‘ .-~I t t V c  n a t u r e  of he ‘. echni -ia - - .

Th-i _ ch l i - r - in e  cortt a ln irc-— nate r~ al is r-:- :±-i i ly  ~-~-r ,  y e S wi~ h a ~a- :c-ben - a
b c -~ the sulfur- c o n t a i n h o  s a t  e rl al  is  in c - a n :  ‘ . ‘ . i v e  t~

- Ox i d at  :o:~ ~ e a r - s  ‘.0 r-~- :- a-vc s u l f u r -  c- -r ;~- - . - i c -d r a:-’. la. 1:,
Cr- c-’. ATL— 51 ( c a n t - l e  197 - ; : 1)  in - ! n- t. a ’ a l l  fr - c-is  A T L — Y Y
( s ar n r i e  19 7 ” 7 2  ) . T h i s  inc - -a i nd~ cat e  a 1t-nc~ tw . v~ •~-s of.
c-.-n~ - - c - n i: a x - c -  r - r e s t - : ’ in A T - — 5 0 51.

T a b I c -  iS

C A N : -  C l  CON TENT OF h~~CLA WED E - A C E  C T C ~C

r~- :  I ama 4 i c - c -  7’-_ - -h rc - i_jU5 i~~c- Ft
1 c - f

ti In t i a I a a - e I

N - . U
~~~~

— J  :111 ~55. -c- , A l ; 0 4  E : i r - ~~ . C h c - x -~- c n J  a’ (‘I

l97i- C A T N_ 5 0  1 —— —— —— —— 1.00  1 . 0 0

1’.~7 !4 , 5  AT :~~r 0 5 1  —— v t - s  ys:- z V t - S  .17 0
l~) 7 L 4  ~.1 AT~~— t- 0 - 1 ye :  y -~- c v - a  yes 0.  m 0

1 4 7 4 4 2  A T L — 5 0 5 2  —— —— —— —— 1. 0 0  .00

19 7 4 6 7  ATL-~-O- ~L- — -  y e s  v - -c yes  1 . 2 2  0

19 7 1 4 7 2  AT :5 —505 1 yes yes  y e s  yes 100 0

2 . 2 . 3  T r e a t m en t  with fuifuri - : A - a id

A c - - I her  i - u n  f i  cat  I cc- t e c t in  I ~u . u s- - I I a the nat ura I ol 1 and f
r e f i n i n g -  in  I u r - t~r:,- i r v - a l v t  s i - e a t s - - i ’ a - I  the c-i . ~i ’ .i one t o  ~~~-:

p e r c e n t  c o n c e n t r a t e d  s u i f a ~O c  ad - i fo f l  owed by  w a s h i n g  and n- - c - —
trallzat l -a of any acid re r -ahIii g In t h e -  o i l  w I t h  l i m e . T i c
t e c h n i q u e  is re f ~- rred to  as I e g - u m r n i i c -  in  n a t u r a l  o i l  and Va ’
re f’Inirc - .

P r e l i m i nary e v a l u a t i o n  c- f t h e  u t i l i t y  of u s i n g -  tid s t e chn~ que  I I
removal  of n o n — b - / se  st ock ma t - er - I  a ir  was  lone u s in g  h i gh  J - r e s r u r t -
l I q u i d  c h r o m a t c - p~r aph ic  ( H P L O )  an a ly s  S • o fc- ll-i_ w t i e  c ow : -  c f
the tr ’-c-trn-- nts . The fe l  l o w i n g -  t w  1 1 ’  ~-~~-sses  were  cc-~~j -c - i - e-d
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(1) ATN-50~-2 ‘ . r~~a t e - d wIth } 1 7 2fl~~~~~, b a s i c  A 1 2 0 3 ,  Full €-r - ’s ec-r’.h
an- l  the : .  cL - a r - c o a l  f o l l o w ed  by -ii s ti l l at i  ~~~~ a:. I r -et r c-a ’ .  se at  w i t  N
the a-is- :-rhenss (Sample series 2031410); (2) ATL—5 052 treated
w i t h  the  same three  adso rben t s  as ~-U ove , d i s t i l l e d  a nd r e t r e a t e d
with the absorbents (Sample series 2031406). Figures 3o c-nd ~~show the  — hromatog rams  from each s tep of t h e  above two treat-
m e n t s .  The s ing le  large peak seen in these  ch romat ograms  is duc-
to the p r e s e n c e  of dioctyidiphenylam ine (DODPA). It wil l be n c - t e d
that these chrcc-natograms differ from those reported earlier in thts
r ep or t . The da ta  a c q u i s i t i o n  s y s t e m  for  t h i s  I n s tr u m e n t  L a -i
been c h a n g e d .  Also  these chrornatograms were ob ta ined  at a l a -wer
s e n s i t i vI t y  and c o n s e q u e n t l y  do not  show as many m a t e r i a l s  as
p r e v i o u s l y  repor ted  ones.

Examination of the chromatograms in F c - - - - 39 sh o-: a c c - asic - u -- a. :
decrease in the levels of the three detected m a t e r I a l s  bu t  c - c - ’ .
total removal of any . Inclusion of the H 2C -~~~ treatment leads ta —
total disappearance of the two smaller peak:: after the first
ados rbent  t r e a t m e n t  as can be seen in Fig-ure -- - . I t  appear:- I ha ’
}1
2
S~~~~~ treatment converts these ma 4 erials into pr -c-ducts that -

respond to subsequent aosorbent treatment . Also note that in
each se r ies  d i s t i l l a t i o n  lowers  t h e  DODPA c o n t e n t  - Qu a n t i f i c a -
tion of the  DODPA content in 20314l0C and 2 0 3 A 0 6 D  showed the
p re sence  of 0 . 0 6 %  and 0.05% DODPA respectively.

S u l f u rI c  a c i d  l e ve l s  w e r e  v a r i e d  f r o m  one to ten  vo l ume p e r c e n t
t o  e v a l u a t e  t he  e f f e c t  of a c i d  c o n c e n t r a t i o n  on remova l of TLC
de t ec t a b l e  a r o m a t I c  m a t e r i a l s  In t h e  used o i l s .  A l eve l  of f i v e
---c -lam e percent alTeare d to be the maxim um amount required. All
s i x  new o i l s  were  t r e a t € - d w i t h  s i x  vo lume p e r c e n t  c o n c e n t r a t e d
s u l f u rI c  a c i d .  TLC a n a l y s i s  i n d i c a t e d  p a r t i a l  removal  of DODP A
and D A N A  in  t h o s e  o i l s  c o n t a i n i n g  t h e s e  a d d i t i v e s .

It is not uncommon to f ind  t h a t  var ious  s t r eng ths  of acid have a
s i g n i f i c a n t  Inf luence  on I ts behav ior  In a media .  Concent ra ted
H 2 SO,~ was compare d w i t h  f u m i n g  H 2 S0t (20 % SO 3 ) and d i lu te  H 2 SO~
( 7 5 % ) .  Treatment of oil w i t h  fu m i n g  H 2 SO,~ (20% SO 3) caused
noticeable degradation of the  o i l .  The occurrence  of degradat ion
was confirme d when dist illation gave an appreciable forerun rela-
tive to an oil distilled without prior treatment with H 2SO,~. The
characteristic strong odor of degraded ester was also noted In -

the forerun .

Use of 75% H2SO~ resulted In stable emulsions upon addition to
the oil. This emulsion was broken by filtration through filter
aid but the occurrence of a colorless aqueous layer suggested

— that the treatment was not effective .

An e v a l u a t i o n  of o x i d a ti o n  in c o m b i n a ti o n  with H2SO~ treatme nt

ss  a r c c l a m a t  Ion t e c h ni q u e  to rep lace  d i s t i l l a t i o n  was carried
out . Used oi l  t r ea ted  w i t h  concen t r a t ed  ii~~SO~ f o l l o w e d  by o x i —
dab ion with hydrogen peroxide resul t-s in st-able L - r u l s i o n r ’ . . The
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use of H2SO~ did not appear to effect the tendency for emulsion
formation or significantl y alter the stability of the emulsion .
Therefore no further efforts utilizing an oxidation process
appeared warrented .

2.2.4 Solvent Partitioning

Technology has bee n developed in the petroleum indus t ry  to separ-
ate petroleum fractions by solvent partitioning . The TLC a n a l y s i s
of new and used oils  showed tha t  a large number of add i t ives  and
add i t ive  degradat ion  products are less polar  than the base s tock.
Those tha t  are not can be removed w i t h  adsorbents .  These da ta
suggested tha t  i t  may be possible to p a r t i t i o n  the m i x t u r e  between
a nonpolar  solvent such as he xane and a more polar immisc ib le
solven t .  The base stock should have more a f f i n i t y  fo r the polar
solvent  and the less polar addi t ives  more a f f i n i t y  f o r  the non-
polar solvent .

This techni que was eva lua ted  u s ing  hexane as the nonpolar  phase
and methanol/water and methy l ethy l ketone/water as the polar
phase. Several experiments were carried out without any indica-
t ion of s i g n i f i c a n t  separat ion of base stock and a d d i t i v e s .  Work
in th i s  area was d i scont inued  when i t  became obvious t h a t  the
t e c h n i ques discussed e lsewhere  i n  t h i s  report  had much more
promise of success.

2 . 2 . 5  D i s t i l l a t i o n

The f e a s i b i l i t y  of u s i n g  d i s t i l l a t i o n  of some type as a par t  of
a reclamat ion process was evaluated  by f i r s t  ca r ry ing out  a f r a c-
tional distillation at low pressure to determine the ultimate
efficiency in separation of the various components of a used oil.
Distillation was carried out at 25° to 200°C at 0.04—0.06 mm. The
three forerun f r a c t i o n s  obta ined were w a t e r  ( — 0 . 2 % ) ,  t o luene
(“~0 . 6 % ) ,  and a f r a c t i o n  tha t  con ta ined  a mi x t u r e  of ester , phenol i c
m a t e r i a l s  and to luene (“— 0 . 1 % ) .  The m a i n  components were ob ta ined
as ten f r a c t i ons .  TLC anal ysis  showed tha t  addi t ives  d i s t i l l e d
over w i th  each ma in  f r a c t i o n  a l though  the r e l a t i v e  propor t ions
and types changed as the d i s t i l l a t i o n  progressed . TCP appeared
in every f r a c t i o n .  This was not su r p r i s i n g  since TCP has a b . p .
of 26 5 °C at 10 mm , a va lue  comparable to tha t  of the base s tock .
These data show that some treatment of the oil along with dis-
tillation would be necessary to insure separation of additives
from the base stock.

Steam distillation is known to be an effective technique for
treatment of ester plasticizers to remove low levels of reactant
residues. This stability of esters to steam dis tillation along
with steam distillations known ability to remove amine and alco-
holic products suggested it should be evaluated in this program
as a possible method for removing additi ves and/or degradation
products. Steam distillation at 100°C/l00 mm resulted i n  only
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a trace of material being carried over in the distillate and TLC
analysis did not indicate any changes in additive content of the
oil. The distillate appeared to be an amine as determined by
it’ s IR spectrum .

A sample of ATL—5051 (that had been topped to remove volatiles
boiling up to 150°C/lO mm) was steam distilled at 170°C and 100
mm . Evaporation of the distillate left a thick oil whose IR
spectrum suggested it contained an aliphatic ether and an ali—
phatic acid functionality . The odor also strongly suggested the
presence of the acid . Further ana lysis of the distillate residue
showed that an aliphatic acid , ether and alcohol were present.
The total weight of distilled material was 0.2% suggesting ester
degradation as the source of these materials. Some oil was also
carried over during steam distillation. These data indicate that
steam distillation is potentially harful to the oil and is of
questionable value in a reclamation process which must be very
g e n e r a l  -

Based on the above preliminary distillation studies and the results
of other attempts to remove polymerized base stock from the used
oils (see section 2.2.6) it was decided that distillation would be
the best approach for separation of usable base stock from polymer—
ized base stock. Therefore , a study of the effect of distillation
pressure on base stock properties was carried out to determine what
pressure would be required to prevent excessive degradation during
distillation . The pressures studied had to be obtainable in plant
operations .

Evaluation of the effect of distillation pressure on base stock
degradation was done to establish the best conditions compatible
with large scale operation. Table 19 contains the data obtained at
four pressures. These data suggest that distillation pressure of
10 to 15 mm should be used . Pressures above 10 mm are readily
obtainable in large scale operations but the distillation temper-
atures at pressures above 15 mm are difficult to attain.
Excessive decomposition has not occurred during these distillations
as shown by the acid numbers. Treatment with Ca (OH)2 will readily
lower acid numbers in this range to well below specification
limits.

The total acid numbers on as received and distilled ATL-5051,
5052, 6100 and 6101 were compared to establish if level of oil
stress influences stability during distillation. ATL—6l00 and
6101 have been used for about 1800 and 1000 operation hours
respectively . The histories of ATL-5051 and 5052 are unknown .
The data shown in Table 20 show that the previous history of
these oils has no effect on degradation during distillation , i.e.
no degradation products are present in the oil to cause differ-
ences in base stock degradation levels during distillation.
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Table 19

EFFECT OF DISTILLATION CONDI TIONS ON BASE STOCK PROPERTIES 1

D i s t i l l a t i o n  6 °F
Pressure Temperature s °c Acid Volume % VIscosI ty ,

Sample No. mm Pot Vapor No. Residue cs
u n d i s tl l le d  —— —— — —  0 .~4 5 — —  13,500

200087 1.3 2ll—2~ 3 195—239 0i4 5 3.2 — —
20 324 90 7 238—310 237—285 0.50 2.0 12,000

20 31489 15 2 5 0 — 3 0 0  2 5 0 — 3 0 0  0 .~ - 8 2 . 6  11, 900

20 31491 23 2 5 6 — 3 l~4 2 5 1— 2 9 9  0 . 6 6  2 . 3  ~2 , 000

1 Topped and f i l t e r e d  ATL— 5 0 5 2  was used .

Table 20

TOTAL ACID NUMBERS FOR DISTILLED USED OILS

Total Acid Numb er
Sample A f t e r

No. Used Oil I n i t I a l  D i s t i l l a t i on
206 52 7A ATL— 50 5l  0 . 1 43  0 . 6 1 4

203 ’498 B ATL— 50 52 0 .60  0 . 6 8

206 52 5A ATL—6 100 l .~~7 1.145

206525B ATL—6l01 0.36 0.29
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The effect of extent df distillation ( %  used oil distilled) on
v i scos i t y  was determined to guide se lect ion of a d i s t i l l a t i o n
cut  o f f  point . The data obta ined are given in Table 21. The
— 65°F  v I scos i ty  data for  d i s t i l l e d  ATL—5052 (Table 21 , samples
20 6533 th ru  206 537 )  suggested tha t  a maximum of 93% of t h i s  used
oil should be d is t i l l e d  to ob ta in  a recla imed base s tock  tha t
has a low enough —6 5° F  v i s c o s I t y  to a l low it to be r e f o r m u l a t e d
without exceeding the specification limit. Work by others (Ref.
15) suggests  tha t  a base s tock  should not have a — 6 5 °F  v i s c o s i t y
in excess  of 11000 cs .  R e f o r m u l a t i o n  ra ises  th i s  v i s c o s i t y  to a
va lue  a p pr o a c h i n g  the  sp e c i N c a t i o n  l i m i t  of 13000 cs. However ,
as w i l l  be shown la te r in t h i s  repor t , the rec la ime d base s tock
sho uld  have a —6 5° F  v i s c o s i t y  below 9500 cs to a l low reformula-
t i on us ing  the add i t i ve  package deve loped  in t h i s  program and
s t i l l  not exceed  the  13, 000 cs — b5°F s p e c i f i ca t i o n  l i m i t.  A d d i —
t i o n of 2 and 14~~~ TCP increases  the  —~ 5°F v i s c o si t y  as shown in
Figu re 14 1.

A co r r e l a tt o n  of ’  — 65°F v i s c o s it y  and m a x i m u m  d i s t i l l a t i o n  vapor
te mpe ra tu r e  was e s t a b l i s h e d  ut~~li : ing  n i n e  d i s t i l l e d  saro ; les.
The d ata , show n in Figure  ~42 , s t ron g ly  sugge st  t ha t  the  d i s ti l l a -
tion vapor t t- rpe rat  use can l i e  used as a gu ~l€ ~ fo r  d e l e r m  in i n g  whL- n
t .o end a - i i st - f l la t~~on and s ti l l  ob In a h i gh  y i e l d  of base s tock
tha t -  can be r e f o r m u l a t e d  w i t h o u t  e~ ces s ive  use of v i r gin  base
s t o c k  f o r  v i s c o s i t y  a d j u s t m e n t . Th i s  c o r r e l a t ion  can only  be
cons ide red as a c o n v e n i e n t  g u i d e  s i n ce  t h e  la rge  scale d i s t i l l a -
t i on  (-il3 l i ter )  of ATL—706 9  and A T L — 7 0 7 l  under  these  c o n d i t i o n s
ga ve r ec l a ime d  base s tocks  h a v in g  — 6 5 ° F  v i s c o s i t i e s  r ang ing  from
9~ 00 to  10 , 300 o s .

D i s ’ i l l - i t io n  on a l a r~-e scale  Is mo re c o n v e n i e n t l y  done in  s t e e l
vesselo  ra t her t han o l a s s— l i n e d  equl  en t .  The c o mp a t i b i l i t y  of
used o i l s  ;-~i t t i  -l ass , 3 1t- and ~O 24 s t a i n l e s s  s tee l s  were compar ed
to eval u a t e  the  t he rma l  s t a b i l i ty  of t hese  oi ls  in t h e  p resence
of the  most  p robab le  m a t e r i a l s  of c o n s t r u c t i o n  for  larce scale

‘
~ vesse l s .  These s t u die s  were d one  In t w o  w a y s .  F ir s t , oi l

s-’- imnl es  were d i s t i l l e d  at 15 mm un~ il 3/14 of the  oil  h ad  been
di s t t l l e d .  The r e m a i n d e r -  of t h e  o~ 1 w as r e f l u x o d  at the  d i s t i l l a —
t i o n ‘ em~ e r a t u re and pressurL- ( 5 2 — 2 6 1 4 ° C / l ’4 — 1 5  mm) for  2 14 hour s
m l  t h i n d ‘ o t  i l l a t l c - n com i l e t-ed .  A c i  ~ : umscrc -  were d e t e r m i n e d
on b o t h  f r a c t i o n s  as an i n d i c a t i o n  of d egr a d a t i o n .  Th e dis-
t i l l a t i o ns were ca r r i ed  out in an a l l  glass  appa ra tu s  and in the
presence  of 3 f ) J  and 316 s t a i n l e s s  s t e e l .  The da ta  o b t a i n e d  are

in  T a t - L e  2 2 .
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~Table 21

VISCOSITIES OF RECLAIMED BASE STOCKS AND OILS FROM ATL-5052

Distil—
lation Maximum Dis til— Distillation Viscosity . cs

Sample Pressure , lation Vap or Residue , %
No. mm Temperature , °C % TCP — 65°F 100°F 210°F

206533 15 308 3 —— 12 ,000 11.7 3.07

206535 15 292 5 —— 11 ,500 11.5 3.0 14

206536 114 290 7 —— 11,000 11.5 3.03

206537 15 285 10 —— 10,800 11.3 3.00

206533—A 308 3 2 13, 100 11.7 3.05

t 
206533—B 308 3 t~ 15,000 11.9 3.05

206536—A 290 7 2 12 ,L~00 11.5 3.014

206536—B 290 7 14 13 ,800 11.6 3.03

11- i—
16 ,000I~

t
i~~ II t ~I I I I i I ~ I~ ~ ~ ‘1!~1Ii ~ ~

~~~~~~~~~~~~~~~~~~ 206533 ~:
I~f1f b ~j If ~-~I-li b ~f t ii 1~ I ~ I II I

~ ~~~~~~~~~~~~ ~~~ 1d~~ 1~4~~ LU~~t+Jt

~ ~ 
j t

r f f j 1t~

i~ILit t~I I t  t ,~i ~~~~~~~~~~~~~~~~~~~~ 
-
~~ 
;

~ 1 3,oooRL~fI~1It~ ~i!~i ~~~~~ 1111 1 I 206536

~~~

c~~ ~~~~~~~~~ ~~~~~~~ 1~1i ~9 ~~~l r : i  ~1~i~I I~
~~~~~~~~ I ~ ~I:14 f~t~I .I9,i fII ~!5h I ~-~l ~ i
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Table 22

— STABILITY OF USED OIL TO POTENTIAL DISTILLATION CONDITIONS

Refi ux
Sample Temp Pressure Volume Acid Volatiles 1

No. Distillation Vessel 
__________ 

Distilled No. 
___________

ATL—5052 —— —- —- —— 0.60 ——

2O651lA glass —— —— initial 3/4 0.97 — —

20651lC 248—255 14 f ina l  1/4 1.51 0.25

206513A glass plus 304 stainless —— —— initial 3/4 0.77 ——

2065l3c 258—263 14 final 1/4 1.07 1.38

206515A glass plus 316 stainless — —  - — initial 3/4 0.95 — —
206515C 259—263 15 final 1/4 2.08 3.75

1Volatiles are those materials not condensed in the receiver but condensed
in a d ry ice t r a p .

These data indicate that the used oils are more thermall y stable
in glass than in the presence of e i the r  steel as evidenced by the
amount  of vo la t i l e s .  The vo la t iles  are assumed to be degrada t ion
products of the oil since their  in f r a red  spectra are very s i m i l a r
to the spectra of base stocks.

In a second experimenta l  approach the en t i re  sample of used oil
was r e f luxed  in the presence of glass , 316 a nd 304 sta inless
steel at about  250°C/ 14-l5  mm for  24 hours and then d i s t i l l ed.
Analysis of the volati les generated during this period by inf ra-
red spectroscopy indicated a sli ght amount of decomposition. Acid
numbers obtained on the distillates from these experiments are
given below . No significant differences can be noted between the
three materials of construction. Also the acid numbers are low
enough so that treatment with Ca(OH)2 will readil y bring them
below specification limits.

Samp le No. Reflux Vessel Distillate Acid No.

206567 initial 0.71

206568—A g lass 2.02

206568—B glass plu s 304 stainless 1.89

206569 glass plus 316 stainless 2.10
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The v o l at i l e s  t r a p p e d  in dry ice d u r i n g  s c - f l u x i n g  in the presence
of  316 st a i n l e s s  s t ee l  were  a n a ly :e d  by CC/mass  s p e c t r o m e t r y  to
d et e r m i n e  t h e i r -  c o m p o s i t i o n .  The volume of ’ the d i s t i l l a t e  r e p r e —
sen ted.  less t h a n  0 . 2 ’  of t he  i ni t i a l  used o i l .  This  a n a ly s i s
showed  t h e  v o l a t i l e  c o m p o s i ti o n  t o  be very  r o u g h l y  62% ester , 32%
of a m i x t ur e  of o l ef i n s , 14.5% a l c o h o l s  and less than  2% c y c l o —
p e n t a n o n e . This  i n d i c a t e s  very l i t t l e  d e g r a d a t i o n  on r e f lu x i ng
w i t h  the  s t a i n l e s s  s t e e l .  From t h e s e  da ta  and t h a t  o b t a i n e d
above i t  can be assumed t h a t  t h e  used  o i l s  w i l l  be c o m p a t a b l e
w i t h  316 and 30 14 s t a i n l e s s  s t e e l s .

2 .2 . 6  P r e c ip i t a t i o n

D i f f e r e n c e s  in so l u bi l i ty  can p o t e n t i a l l y  be us ed  fo r  s e p a r a t i o n
of ba se  s t oc~-: f r a c t i o ns  of varying m o l e c u lar  w e i o ht  . A brief
study of t h i s  p o s s i b i l i t y  ~-a- s -done u s i n g  m e t h a n o l  as t he  s o l v e n t
to p~- e c i p it a t e  the  h i g h e r -  m o l e c u l a r  w e i g h t  f r a c t i o n s.  D i l u t i o n
of some u sed  o i ls  w i t h  m e t h a n o l  c a u c e d  ~- i-e c io ~ tation of a b l a c k
mat - r - i a l  wh i ch was  c h ar a c t er i n e c  b y  IR s an este!’ as shown in
F l ou r - 143 [‘or ’ t he  p r e c i p i t a t e  o t - t a i n c - d f r - o n  A T L — 6 1 0 0 , t he  most
n i  ly  st r e ssed  o i l .  AT — 6 0 2 7  an - i Eo~O a l so  c-~n ~ ne-i m e t h a n o l
i n s o l u b l e  f r a c t i o n s  t h a t  p r e c i~ i r a t ed a ft e r  d i l u t io n  of the  oi l
w i t h  m e t h a n o l .  The o t h e r  u s - - -J ol i s  a n d  a l l  s i x  new o i l s  b e c a m e
t u r b i d  wh en d i l u t ed b u t  J~ 1 n o - yield any p r e c i~ i t  ate. This

u r i b i t y  is  mos t  l i k i - l y  c au sed  by some a d d i t i v e  t h a t  is not
m e t i r a n ~~l s o lu b l e .

To -determine if methanol wool-i l~~ benef icial in t h e  r e c l a m a t i o n
process fo r  removal of po lym er-i ned ester , a s-ample of A T L — 6 10 0
was treated w~ th adsorbents and t hen  d i l un d ‘-0 n~~r r ox i m a t e l y  20~
w ith methanol. There was a sl i - h t  i n J i - a t i o ~i of  s e t t l e d  m a t e r i a l
in t h e  A T L — 6 l 0 0 /  m e t h a n o l  sant le . A - d i s t i l l a t i o n  samsle of ATL—
6100 showed  no- e v i d e n c e  of or -c 1 p1 t a~ i~~n when  d i l u t e d  w i t h
m e t h a n o l  in d i ca t ng r emova l  01’ t he  ~o l ym er l c e d  es te r’  by d i s t i l —
l a tio n  was  more e f f e c t i v e .

C o m p a r i s o n  of t h e  — 6 5 ° F  v i s c o s i t i e s  of ATL— 6 100  b e f o r e  and a f t e r
d i l u t i o n  w i t h  m e t h a n o l  showed  a d e cr e a s e  of abou t  9f , f rom 15,300
cs to 114 ,000 en . Since dist illati on c-in be more efficiently
controlled it is probably the better m e t h o d  fo r  polymeri : :ed base
s tock  r emova l .  I t  may be p o ss i b l e  to  deve lop  a process based on
methanol/water mixture s to get a s o l v e n t  s y s t e m  w i t h  the p r ec i s e
s o l u bi l i t y  parameter  to s e p a r a t e  base s tock  f r a c t i o n s .
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2.3 RECLAIMED BASE STOCK EVALUATION

Evaluation of reclaimed base stock was carried out using some
of the qualification tests specified by MIL—L—7808G with the
exception that the foam test in MIL—L—7808G was replaced by a
modified procedure identified as “Method 3213” and supplied by
the contract monitor G. A. Beane . The most critical test was
assumed to be the foam test so it was used extensively to
follow the course of our reclamation work. A foam volume of
100 ml or less Is acceptable . The results of these qualifi-
cation tests were very useful in guiding the research effort.
The data obtained on reclaimed base stocks derived from ATL—
5051 and 5052 are given in Table 23.

Examination of the results in Table 23 shows that the addition
of silicone antifoam agent to used ATL-5051 and 5052 that had
been topped to remove volatiles gave oils that passed the foam
test as shown by the results for samples 197490 and 197492.
These results when considered along with the fact that acid
numbers and metals contamination can be readily lowered with
adsorbents (see Section 2.2.1 and Table 26) raises the possi-
bility that it may be possible to use a relatively simple
reclamation technique to obtain a reclaimed base stock. It is
doubtful that this would give an oil that, assuming satisfactory
additive replenishment could be accomplished , would have the
same useful lifetime as a fully reclaimed oil but it may find
utility as a stop gap measure in the event of a severe situation.
This assumes , of course, that other qualification tests could
be passed .

The adsorbents used in reclaiming the oils used determing the
properties given in Table 23 were basic alumina , Fuller ’s earth
and neutral activated charcoal. These adsorbents were activated
by dry ing received adsorbents as specified by the manufactures
literature. Basic alumina was dried at 450—500°C for 18 hours,
Fuller ’s earth at 450—500°C for 18 hours and charcoal at l25°C/5 mm
for 18 hours. The results for samples 197445 and 197470 differ
only in that the Fuller ’s earth was acid activated by slurry ing
with HC1 prior to drying for sample 197470. This was the only

• time that a significant difference was found between acid
activiated and as received Fuller ’s earth and the result is
considered a fluke.

Use of oxidation in the reclamation process is detrimental with
respect to the level of foam found in the foam test as can be
seen by examination of the data for sample 197435—2. Use of
antifoam at 10 ppm lowers the foam volume to an acceptable
level (sample 197441). However this is not considered a desir-
able approach since virgin base stocks do not foam and the
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presence of foam Indicates a potentially detrimental material
in the reclaimed base stock. Use of’ adsorbents followed by
distillation gives a reclaimed base stock from ATL—505l with
very acceptable foam volume , acid number and 100°F viscosity
as shown by the data for sample 200u9~4.

The results for ATL—5052 are very similar to those found for
ATL—505l with respect to use of antifoam , adsorbents and dis-
tillation. However , significantly different results were
obtained when ATL—5052 was oxidized. An unacceptable foam
volume was found when ATL—5052 was oxidized and treated with
adsorbents just as found for ATL—5051. However , In this case
addition of antifoam did not result in a lower foam volume
as can be seen by examining the data for samples l97~4L4 8 and
1q7 1172 . Use of adsorbents before the oxidation was tried in

p an attemp t to remove as many contaminates as possible prior
to oxidation. Still high foam volumes were obtained (sample
l~ 7i~77).

U se of d i s t  I l in t  ion  was s u c c e s s f u l  in  ~ i v l n ~ a r e c l a i m e d  base
st o c k  w i t h  a low foam v o l u m e  as shown by t h e  da ta  f o r  s a m p l e s
2000~)0 t hou  2000 14 0 in Tab le  2~~. N o t e  t h a t  t h e  d i s t ~~l l at  ion
can be b e f or e  or a f te r  the  ~‘x I d a t i o n  and t h a t  an t  i f oam is
a~ a1n not r e qu i r e d  ( s a m p l e  2 0 0 0 8 5 ) .  Rec l at  ned b ase  s t oc k s
obtain ed by d i s t i l l a t i o n  can have  100°F and 210°F v i s c o s i t i e s
sl i~~ht  l y  b e l o w  s p e c i f i c a t i o n  l e v e l s  as shown by he d a t a  fo r
s amp l e s  2000 14 1, 2000 14 0 and A T L — 6 0 2 5 / 6 0 2 6  in  Tab le  2 ’

~ . These
v i s co s  ~t y  v a l u e s  can be a d ju a t e d  by pr’~per a d d i t i o n  of v i r q in
base  s t o c k s  and a d d i t i v e s  as w i l l  be d i s c u s s e d  l at e r  in  t h i s
r e p ” r t .

T he d~ s ti  I lu t  ion used fo r  t h e s e  s a f i l  le : :  was  -
~ rap  d d i s t  i l l a t  11 11

at. 1 t o  7 mm r e su l t  in s  in  d i s t f l l a t  ~on of  a b o u t  9’ 7 p e r c e n t  of
t h e  o i l  l e a vh ~~ most .  of  t h e  a i d i t  i v e s  b e h i n d  as det e r r i n e i  by
ThC.  The b o i l i n g  p o i n t  range  in f rcs .  195°C t o  2 50° C i r l d i c a t i n g
tha t .  s t i l l  h i g h e r  p r e s s u r e s  cc- , 1 d  t o ” su c c e s sfu l l y  u t i l :ed.
H i g h e r  i ’ r o ’s s u r e s  wo lla be m c ” ro  l ’ a i i  ly ob t  a ln e d  in  l a rge  sc a l e
o p e r a t i o n .

Most  w ork  w i t h  ais rbents c o n s e n t .  r a t  4 1  on F u l le r ’ s e a r t h  as an
a c i d  aci s~~r b e r l t  t o  r em o v e  al~.:a l ‘ t o ’  f l u ’ er~~u I s .  S i n c e  a t t a i  u l gu s
c l a y  is  u S e l  t o  r emo ve  c en t  ar • i l1 : ln t , s f r ’m l e t  f u e l  t s ono d a
r e a s on ab l e  ch~ I ce  f or  f a r t  h r  e v a l l u t  Ion . Wh e n u sed  in  p l a c e
of F u l l er ’ s c a r t  h i n  t r~ at  m e in  of  A ’i’: — o51 a ve ry  h i g h  f e a m

.5,5 WOn ot ’~ a i n o d .  R e t r e a t  m o n t  w i t h  a c i s ’ r b t ’ n t  S ‘ Wo ’ t ’ ” u  t i l l ’
t

,
’ as v o l  u s e  o m c wh a t  b u t  t he f o a m  vo I ur . o ‘ w a n  5 ’. I l l  m a n y  t i n t ’ 5

s r e a t  er t han  t h a t  o t t  a I n ’~d w h ’ n  ‘it her  Fu l  1 (‘r ‘ 5 c a r t  h or no
s we t ” ased  . Th e t a t  :i are g iv en  i n  F’ t l ” le  2~4 , sun~ les
, B a o l
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A similai result was obtaine d when ATL—5052 was evaluated before
and after treatment with attapulgus clay as shown by the data
for samples 1971492 and l97~485 in Table 214. Use of attapulgus
clay after distillation does not result in high foaming as
discussed in Section 2.5.

The effect of charcoal acidity was checked. This was done to
determine if’ pH of the charcoal had any effect on additive , and
degradation product removal. Analysis of’ the oils by TLC indi-
cated no significant differences between the three samples.
These samples were further evaluated with the foam test and the
results are given in Table 2 14 , samples 200013, 2000114, and
200017. The data (TLC and foam volumes) indicate no significant
differences result from the type of charcoal used.

Vacuum steam distillation was given only limited evaluation in
development of’ a reclamation process as discussed earlier in
this report. Determination of’ foam volume s of reclaimed base
stocks obtained via steam distillation did not indicate any
benefit would be gained through its use as shown by the data
for samples 197~440 thru 200011 , Tab le 214.

ATL—5051 was extracted with dilute acid and base to evaluate
the effect of replacing the Fuller ’s ear~h and basi .~ alumina
treatment with aqueous systems . This wan done in the event
that a decision would have to be made at a later date on the
relative cost effectiveness of’ the use o~ :idsorbents vs aqueous
extraction. A foam volume of’ 145 ml was obtained (Table 2L~,
sample 200001) compared to a value of 25 to 35 for the use of
adsorbents indicating that the two m e t h .  were comparable at
least as far as can be determined with the foam test.

A phenomenon has been observed in the foam test for which we
have no complete explanation. Usually if an oil sample fails
the foam test the foam volume will exceed the maximum allowable
level within the first one or two minutes. Occasionally we
have observed a situation where the foam volume remains very
low for 10 to 20 minutes and then suddenly increases to a va te
well in excess of the maximum . Subsequent examination of the
reclaimed base stocks has shown reduced levels and in some cases
no detectable level of antifoam. This suggests that the anti—
foam is plating out on the walls of the test equipment . h ow—
ever , in some cases foam tests have been run for two hours
without any Increase in foam volume over an initial value of
25 to 35 ml . It Is not readily obvious why antifoam would
plate—out in some cases and not others . A situation wherein
a delicate balance exists between a foaming agent and an anti—
foam Is a possibility. The presence of antifoam was established
using phase contras t microscopy ,  a technique suggested by
H. Smith of AFAPL.
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Three oils whose foam volumes were known were supplied b y AFA~ Lto qualify our test apparatus and technique . Occasionally our
foam test was requalified by repeating this test. The results
obtained throughout the program are given I n  Table 2t.

Table 25

FOAMING CHARACTERISTICS OF STANDARD OILS

Foam Volume , ml Collapse Time , sec

A P L MR C MHC

Oil ~~~~ . Feb ~~~ Sept Oct Feb ~~~
ATL— 6060 35 30 20 140 26 25 30

ATL—6059 100 110 115 95 50 35 21
ATL— 606l 165 170 36

Evaluation of the effect of reclamation techniques on metals
content . of reclaimed base stock was carried out to determine
if’ any metal removal procedures need be developed. Analysis
of four oils indicated that treatment of used oils with
adsorbents did an effective job of removing metals. The
data shown in Table 26 suggested that there was no need to
develop a chemical method for metal removal.

The trace metal contents of some used oils before and after
reclamation treatments were determined to establish the
effect of reclamation techniques on metal content . Table 27
contains the data. These data indicate that treatment with
adsorbents only results in increased Al , Fe and Si levels as
shown by the data on ATL—6100 and 6101. The above evaluation
had indicated that the use of adsorbents was beneficial for
removal of trace metals. Distillation prl,or to adsorbent
treatment results in reclaimed base stocks with metals content
well below specification limits as shown by the data for
ATL—505l , 5052 and 7069. These data suggest that an additive
and/or degradation product leached materials from the adsor—
bents. Possibly some adsorbent batches are more susceptible
than others . Another possible explanation is that fine parti .-
d e s  of Fuller ’s earth were carried over Into the oil.

Consideration of the above Information along with the prior
reclamation studies resulted in the decision to use a corn—
bination of distillation and adsorbent treatments as the
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reclamation process for used MIL—L—7808G oils. Distillation
as a first step after topping and filtration was chosen since
the bulk of the non—base stock material would be removed before
adsorbent treatment . Consequently less quantity of adsorbents
would be needed , thus decreasing oil loss due to retention in
the adsorbents.

2.14 RECLAIMED OIL EVALUATION

This task consisted of two parts: qualification of an additive
package for diester/triester mixtures and reformulation and
evaluation of reclaimed oils. Qualification of additive pack-
ages was done usin~: a 1/1 mixture of diester/triester virgin
base stock. The three additive package s formulated for test—
inr ~ are ~iven in Table 28. Not all specification tests were
run. However the results obtained indicated that useful
additive package s were prepared. The additive package labeled
sample 2031462 was evaluated prior to finding that a 2% level
of TCP was more desirable than the 14% level. The — 65°viscosity
of these oils is not within specifications but no attemp t was
made to adjust this parameter since it was not 0of concern inadditive package evaluation except for the 100 F viscosity
change during corrosion and oxidation stability evaluation.

Table  28

CANDIDATE ADDITIVE PACKAGE COMPOSITIONS

Sample Sample Sam p le
Additives 2031462 206506 20~~~

O’-

trtcresyl phosphate 14 .0% 2.0% 2.0%

dioctyldiphenylamine 2.0% 1.0% 2.0%

3,7— dioctylphenothia :ine — —  1.0% — —
C 

f3en:otria~ o1c~ 0.1~ 0.l~ 0.1%-

triphen:1.i phosphite 0.1% 0.1% 0.1%

quini~ arin 0.05% 0.OY 0.05%

Ant ioxidant 703 (Ethyl Corp.) 0.1% 0.1% 0.1%

f
Examination of ~he data ~ri Table 29 shows tha~ use of these adds—
t. ive packa~-es in mixed d~~.1ster /triester base ~~ock resul t s in o i ls
whose  p e r t ’orman ~~e pr ’~pe r t~~es meet  )r ~ exceed  t he  s p e c i f i c a t i o n  re—
quireme nts. There fore , potentially any of these additive package s
could be used in r ec l a ime d o ti s .  A
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Ta ble 29

ADDITIVE P A C K A O E  Q U A L I F I C A T I ON TEST RESULTS

Sarç)e No.

201~4 62 206 1 10E 20Y~O7 SF e : 1~~~~~~ . 1 ” r .

Traoe  :‘~‘, i 1 o e r t :  m l / 2 0 0  ml —-‘  .0025 V0 .0025

To~ a1 A c id Number : mg KOH/g  0.0 9 0 ,07 0 . )44 0 . O ~~/ C . 1 . 3

V is Co sit y e 210°F:  C s  3 - 6 6  3 . 7 2  3 . ( °  ‘.3. 0

V1s~ c’s1t v ~ 100°F: Cs 15.5 1 5 .0/ ) F . 9  15 . 8/ 1 ’ . 7
V IsCos ity ! —65°F: cs 17 ,311 0 1~~,62O 18 ,2 1.2 -:

C Fou r Poin t :  °F —— n -—s c , - — HO

F l a s h  Point : °F — — ~~~~~ ‘‘-CO

— —  12 13
E sstomer 2orr~pat ibili t y

Ow elI (NBR—H): i 2 5 . 8  /1. 1 - 3 . 7 23.~ 2~~.8

Swell (F—A): % — — 1 .

- ‘:. re:~Cth IF— A ): % ha:,’ .e — — 112 8 50 7 ’ .

~~~~~~ ion ( F — A ) :  I 2 i ; ao ~~ - — — 1.3 25
Hard ness (F—A): 2 h a 0 .j1~ — — 12’ —~~ r.o x

Sw e i l  ( F S ) :  — — 3 1  2 . 9  - - . -

‘ er,slle 0 t r e o~~~~, I F U ) :  ~ h.Ao: e — — —~~~~ —~~ )

E~~~ : , , z a t ’, 0 r ~ ~FS): I ~~~~~ 
— — — i c — 3 ’  ‘0 :‘ ‘~ ‘.

har i: ,o a (FS) : 7 1 s t ; ; ”  — _ — F 10 ?‘~ t’s ’. .

De: oi t l o o ;  Nurti er — — 0.1 0.° V I

l e a r  Load ( I  RR a 2 4 2 O ~~~’. FF  — — 2,720 ~~~~~~ .. ,~~ -A0

Lead O o r r T ,s l o n :  r,- ’ ir , . — 0 2  — 0 3  — ‘ 3 - 3  ‘ . t . 0

; i 1 ’.’~ ’ r — J 4 ~~er ‘ o r r o s ( :r ;
2 l~~’~ei - W e l c h t  1O. : , I ’~~ : r . ~ 1o .~~ — 0 5  — 0 . 0  — O .

I R h t  l a  - n--e : 2 — 0 .5 — . .8 — c - . -

A c o e l e r a t e d  : : , ‘ ra.1 a t

Le’ . i  1’.’i.or Tha n- c ( a S  h r x ) :  rng ’ir. 2 — — i .~ 1 1

Lead Wei ght  Cha~~-e 1 I ~~~8 h r s ) :  sg in .~~ — — 87 : ~9.2 a. -

v j o r r 2 s I o n  and O x i d a t  l o t  S t a b il I t y  ~ 344 7°F ,
72 hr Method  5 3 0 9

S t e e l  W e i g h t  Charge : rtg ’ cm 2 <0 . 1 0 .0  0 . 0
S i l ve r  Weight Change : mg/ cm 2 ‘0 .1  0 . 0  0 . 0

A l u m i n u m  W e i g h t  Cha~ige : mg/cm 2 -.0 .1 0 . 0  0 .0
Ma g n e s i u m  W e i g h t  Tha .ge : mg/cm 2 0,1 0 . 0  0 . 0  ‘ 2 . 0

Copper Weight Change : mg/c m 2 — — 0 . 0  0 . 0

V i s c o s i t y  ~ 100°F :  1 Change 6 .0  6 .6  6 2  - ° 4 1 5

T~ t a1 A c i d  N u m b e r :  Change  1,15 0.81 1.05 �2 .O
F ar1 r ,~~, Method  32 13

Foart V o lu m e  • ml — _ 15 15 100 max
Col l apse T i m e , sec —— 2 2 60 max

:

~

.
. 

_ _  
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When reformulating reclaimed base stocks it Js necessary to,
detei’mtne the concentration of residual additive s carried through
t ht:’ r e c l a m a t i o n  p r o c e s s .  This  is n e c e s s a I ’y  so t h a t  t h e  f i n a l
t o t a l  a d d i t i v e  c o n c e n t r a t i o n s  do not ex ceed n - h e  v a l u e s  g i v e n  in
Table  28 .  Th i s  a n a l y s i s  can be done ~i t i I i s i n g  t h e  HFLC procedure
oJven in Section 2.1.1.1, DODPA was thl ’ enI:; adi ’~t ive notc o m p l e t e l y  removed  by t h e  r e c l a m a ti o n  ‘ I ~~5 i :’

by HPLC .

Work  on r e f o r m u l a t i o n  of reclaimed ba l l ’ c t , . - ,-:s i 1 t a i n
reclaimed oils was initiated U s i ng  t h e  ad ‘~

‘
~~~ ; a ck a o e  g i v en

in Table 28, sample 203’462. Selected 1 11 - .- l t i es  o( t a in e d
on these oils are presented in Table 3 2 , in t37121; case the
foam volume of the reclaimed base stock U sed t c  1 o i m ’ i la t e
the r e c l a i m ed oi l  was in the  5 to 25 ml ranoe .

It was read ily obvious that the addition of the additive
package was detrimental to foam volume for  t hese  samples.
Also add ition of antifoani increased the foam volume still
further. This su’.gested that either an additive , a com-
bination of additives or an additive—residual base stock
contaminate combination was giving rise to  a dispersed phase
that caused foaming. This foaming was then further enhanced
by the addition of more dispersed phase in the form ~ f the
anti foam .

The source of a dispersed phase in the reclaime d base stocks
upon addition of additives would most likely be from interac-
tion of an acid and base to give an insoluble salt. Based on
this premise a series of experiments were carried out to identi-
fy the cause of the problem.

When the above additive package was added to virgin base stock
the r e su l t an t  oil had a foam volume of 170 ml (see sample
2031431, Table 31). This foam volumt. is similar to those
obtained with the reclaimed base stocks given in Table 30.
This es’tabltshed that the base stock does not contain any
residue giving rise to the high foam volume ,

Next the interaction of tricresyl phosphate and tricresyl
phosphate/Ethyl 703 (a strong amine ) was evaluated in virgin
base stock. Considerably lower foam vo lumes were obtained
as shown by the data for sample 2031438 and 20314140 in Table 31.
This data suggest something other than an interaction between
these two additives.
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Table 31

EFFECT OF ADDITIVES ON FOAMING OF BASE STOCKS

Reclaimed Foam Collapse
Sample Base Stock Volume , Time ,

No. No. Addit ives ml sec

Emery 2958 ~ —— 25 10
Emery 2932 1

2031431 Emery 2958 1 a d d i t i v e  p a c k ag e  for  170 31
Emery 2932 1 sample 2031462 , Table 28

2031438 Emery 2958 1 Tricresyl phosphate , 14% 60 5
Emery 29 32 1

20314140 Emery 2958 1 Tricresyl phosphate , 14~ 50
Emery 2932 1 Ethyl 703, 0.1%

2031433A 20314114 —— 5 2

2031133B 20314114 Ethyl 703, 0.1% 5 2

2031435 2031433B Ethyl 703, 0.1% 90 15
Tr icre sy l  phospha te , ‘4%

2031436 20314114 Tricresyl phosphate , 14% 85 11

203’437 203~436 Tricresyl phosphate , 14% 95 10
Ethyl 703, 0.1%
Triphenyl phosphlte , 0.1%

2031462 
Emery 295q 

~ addit ive package for 85 8‘1 Emery 2932 1 sample 2031462, Table 28
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Similar experiments were done using a reclaimed base stock
obtained by treatment of ATL—505l with adsorbents followed
by distillation and treatment with adsorbents. The data
obtaine d from these experiments suggest that tricresyl
phosphate was the cause of the foaming problem. These data
are given in Table 31 , samples 2031433A thru 2031437. This was
confirme d by using TOP from anothe r source , i.e. Kronitex
from } “M C .  The use of this TOP in  the additive package dr o p p e d
the foam volume of an oil made from virgin base stock from
170 ml to 85 ml , br in’-flig the oil into specification with

C r e spec t .  to the foam test as shown by the data f o r  sample
203~ft2.

A l i r l i t t e d  a m o u n t  of ’ data on acid numb er’s and viscosities

~nd1catcd that these specifications would not be difficult
t o me et  in re formulated oils as shown by the data in Table
30 . The viscosities at —t2~°F were a Uttle hLTh but were
pr ’~~b aL  iv influenced by the  high level of tn cI lsyl phosphate
used tn these oils. New oils probably contain signi ficant iv
l’.’ss T2P as Indicated by patent literature . Actual TCP
levels were determined on new oils to help set the level
5’ , I ,j in  r e c l a i m e d o i l s  as d i s c u s s e d  in  2 e c t i o n  2 .1 .1 .1 .

The e f f e c t  ,jf i ’e f or n u l at i o r i  on viscosity, ac id number and
foam ‘.- ‘ o t u m e  was determi rit ”i for  r e c l a im e d  oi l:;  p r e p a r e d  f rom
used o i l s  AT~ _ t l 0 0  and ATL~~7 J t j 9 .  The a d d i t i v e  package  used
fo r  th ese  o i ls  Is ‘ ‘ ‘r i  ~n T ab l e  ~~~, sample  2 0 g 0 7 .  R e c l a ~ m’~~I
b ase s t o c € K  from ATL— i 100 1’ ’ s p O n led ve ry  well to re formulat to ll

as shown Hi the da ta l o r  t u e  f i r s t  t h r - ’e  s:IJflp I ” s  in  Table  32
The v i sc s~~t t ’ s  and foam vo hir:ie are within s~~ccl1’ication
limits. A TL—b luU was tne oil with the longest known service
time (1800 hours) available In the program . The abi]Ity to
effectively reclaim and reformulate it further supported the
viability of the reclamation process.

Reclamation of ATL—7069 to a reclaimed oil was not completely
successful. The first attempted reclamation resulted In a
reclaimed base stock with a —65°F viscosit y of 11 ,300 cs ,
distillation was not stopped at a low enough temperature .
Addition of the additive package increased the —65°F viscosity
to 15,1400 cs and the foam volume was in excess of the ~pecifI—
cation l I m i t  of lOOml. Addition of 10rpm antifoam Increased
the foam volume still further. (These data are Mven i n
Table 32 , sa r rplr ~ 7~)6~~? thru 2OE5~~ — .- • )  The h i gh  foam

- 
I volume of the reclaimed oil was unexpected. A study was

initiated to find the cause(s).
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A second sample of ATL—7 0o9 was recla~med and reformulatedwith similar results although the —65 F viscosity was not too
much in excess of specification and the acid number was a lot
lower. (See samples 206576 and 206583 of Table 32 .) The
lower acid number was the result of using Ca(OH)2 in place of
basic Al 2 03 .

As a result of the above data , both the additive package and
foam test procedure were examined as potential cause(s) of the
problem. A foam test was run on ATL— 6059, the AFAPL supplied
standard , and a foam volume of 95 ml was obtained. AFAPL value
was 100 ml . This showed the foam test procedure was not a
cause of this problem. This was also checked using virgin base
stoc < which gave a foam volume of 10 ml.

A d - l i t  tves wer Incorporated I n  groups into v 1’’ ir i base stoci-:
ari.I foam values and acid numbers determined. The results are

~iven below.

Foam
Sample Vol , Acid

No. Additive s ml No.

l206l25A dloctyldiphenylam ine , 1% 20 0.05
3,7—dioctylphenothiazine , 1%

1206125B sample 1206125A plus 10
quinizarin , o.l%

Antioxidant 703, 0.1%
tricresyl phosphate , 2.0%

12061250 sample l206125B plus 10 0.02
triphenyl phosphite , 0.1%

l206l25D sample 12061250 plus benzotriazole 10 0.11

The lack of foamIng problems with the virgin base stock suggest
that the foaming problem with reclaimed ATL—7069 results from
something inherent in the reclaimed base stock. Microscop ic
examination of the reformulated ATN-7069 oil under phase
contrast suggested that a dispersed phase might be present
with particle sizes In the 5 to 10 micron range . Two approaches
were taken to overcoming the high foam volume problem.

The reclaimed oil from ATL—7069 (125 ml foam volume ) was
blende d 50/50 with a low foam volume oil (17 ml foam volume).
The blend was found to have a foam volume of 92 ml . This
shows that blending can be used to adjust foam volumes if
necessary .
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The above 50/50 blend having a 92 ml foam volume was filtered
through filteraid in an attemp t to remove the suspected dis-
persed phase material. The filtered oil had a 75 ml foam
volume . The blend was also filtered through a 1 in-i filter
and the resulting oil had a foam volume of 80 ml . The neg-
ligible drop in foam volume (92 ml to 75 and 80 ml) obtained
by filtration Indicates that foam volumes can more easily be
corrected through blending with low foam volume oils if the
cause for foaming cannot be corrected.

The addition -of an additive package significantly influences
the viscosity of a base stock , p~ rticularly at — 65°F and to
a lesser extent at 100°F and 210 F. This effect must be
taken into account when reformulating a reclaime d base stock
so that viscosity specifications can be met. Data showing
these et’fects are presented in Table 33. As can be seen by
examination of the data the percent increase found is fairly
consistent for four samples (~~35%) but much lower for theATL— 6l00 based samples (‘-‘43%). The only known differences
in the original used oils is their base stock composition.
ATL— 6100 is largely diester , ATL—7069 is largely triester and
ATL—707J, Is a mixture of diester and triester of unknown
ratio. These differences in viscosity response to additives
has to be accounted for prior to reformulation. If the
additives will cause the — 65°F viscosity to exceed specifi-
cations then virgin base stock has to be added to adjust the
viscosity. It would be desirable to have many more data
points to accurately establish the effect of a given additive
package on the viscosity of pure diesters , pure triesters and
mixtures. If the response noted above is due to base stock
structure then this would allow more accurate reformulation
to be done . This would also necessitate an analysis of the
reclaimed base stock to identify the relative amounts of
diester and triester in each batch prior to reformulation.
An analytical procedure adaptable for this type of analysis
has been developed by MRC under Air Force contract (Ref. 16).

Examples of the viscosity response of reclaimed base stocks
to additives and the corresponding changes when virgin base
stock is added are given In Table 314 for the five gallon
scale reclamation samples.
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Table 314

VISCOSITIES OF RECLAIMED/REFORMULATED OILS

Sample Viscosity, cs
No. Composition —65 °~~~ 210°F

1206l2~ Reclaimed ATL—70o9 10,300 2.914

1206139 Reformulated ATL—7069 13,800 3.03

12061149 Re formulated ATL—7069/Emery 2~ 58 12 ,300 3.05
(78/22)

1206135 Reclaimed ATL—7071 10 ,300 2.98

1206138 Reformulated ATL—707 1 13,900 3.07

12061143 Reformulated ATL—707l/Emery 2958 13,200 3.07
(87/13)

Emery 2958 is di— 2— ethy flexyl azelate with a — 65°F viscos~ ty
of’ 7000 cs and a 210°F viscosity of 2.85 Cs.
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~~~ R E C L A M A T I O N  PROCESS S C A L E — U P

The reclamation process selected for scale—up using the oils
supplied by AFAPL Is shown in Figure 14 J4 • The use of filter
aid for filtration of adsorbents is included here for small
scale operation as a matter of convenience for batch filtra—
tions. Large scale operations would probably use centrifu~’es
f’.;r fIltration ~cith no need for filter aid. Otherwise the
operation is the same as envisioned for large scale operations
except that liquid phase  separation was not needed for any oils
in this ~-r-ogram . The details of the general process are riven
In Section 5.1.

Four oils were subjected to the above process at the one liter
scale prior to larger scale—up . These oils covered the wIdest
base stock composition range available , i.e. from largely di—
esters , to mixtures , to larr-t’ly triesters. The stress history
was known only for used oil ATL— 6100, a diester which had been
used for 1800 hours. The effectiveness of the reclamation pro-
cess was checked by acid number and foam volume tests. As
mentioned earlier the foam test was considered to be the most
difficult qualification test for reclaimed oils. The results
obtained for the four oils are given in Table 35. No acid
numbers are given for the first two samples as none were
determined on these two specific samples. However other work
with these used oils consistently gave acid numbers below the
specification limit.

Table 35

EVAL UATI ON OF RE CLAMATI ON PR OCESS WITH
SELECTED USED OILS 1

Used Oil
Sample Initial Base Stock Acid Volume ,3 Collapse

No. Used Oil Composition 2 No. ml Time , sec

206552 ATL—5052 diester/triester —— 15 14

206556 ATL—6100 diester —— 20 4

1206139 ATL—7069 triester 0.03 125 9

1206138 ATL—707l diester/triester 0.00 17 8

1 Additives for sample 203507, Table 28 used.
2 As determined from analysis by infrared spectrometry and gas
chromatography .

3Method 3213.
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Used Oil

Filter. io~ 1

Distill at 15 mm ,
180 - 285 °C

Treat with 5 Wt %
Basi c Aluminum at 60-70 °C/i hr .

I
Add 2% FIlter Aid and RIte~j

Tr eat with 5 Wt %
Fuller - s Earth . 50 ~C/1 hr .

Add 2 % Filter Aid and Filter

Tre at with 5 WI %
Charc oal , 70°C/ I hr .

Add 2% Filter Aid and Ft lt e r

Additive
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through IO~ Filter

Reclaimed Oil
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The foam volumes of three of the four oils are very low . Re-
claimed ATL—7069 has a foam volume of 125 ml , somewhat in excess
of the 100 ml limit of Method 3213. As discussed earlier ATL—
7069 consIstently gave foam volume s in excess of 100 ml ,
ranging from 125 to 165 ml. It is interesting to note , however ,
that a sample which gave a foam volume of 165 ml by Method 3213
gave a value of 10 ml by the MIL-L—78080 specification method.
This illustrates the severity of Method 3213. The success in
reclaiming these widely different oils indicated the feasibility
of the process and resulted in the decision to use it for larger
scale reclamation .

The two oils available for large scale reclamation were ATL—7069
and ATL—7071. These oils were reclaimed first to obtain 5 gallons
of’ oil for conformance tests and then approximately 30 gallons of
each was reclaimed to be used for qualification testing to
prove the process. The five gallon scale reclamation was
carried out entirely In the lab ratory . Distillation of the
thirty gallon scale reclamations were done in the laboratory and
the remaining adsorbent treatments and reformulatlons were done
in a thirty gallon vessel in the pilot plant. The distillations
were done in the laboratory to save the high set—up costs that
would be incurred in putting together the necessary vacuum dis-
tillation equipment in the pilot plant.

Table 36 summarizes the data taken in the laboratory to follow
the course of the five gallon scale reclamations of ATL—7069
and ATL—707l. All three properties used to follow the reclama-
tion process indicated a successful technique had been developed.
The foam volume for reclaimed ATL—7069 was slightly higher than
the proposed specification Method 3213 test limit of 100 ml but
the foam volume was not excessive when the currently required
ASTM D—892 MIL—L—7 808G specification test was used .

The results of the conformance tests on reclaimed ATL—7069 and
reclaimed ATL—7071 established that the reclamation process was
an acceptable method for reclaiming these used MIL—L—78080 oils.
Reclaimed ATL—7069 (sample no. 12061148) passed all tests while
reclaimed ATL—7071 (sample no. 1206176) passed all but two tests.
The lead corrosion values at 325°F and copper corrosion values at
1450°F were slightly higher than specification values. The com-
plete conformance test results are presented in Appendix B.

Reclaimed ATL—707l was studied for possible causes for the high
• lead and copper corrosion values. The moisture content in a

retained sample was 0.015% compared to a value of 0.008% in
rec]aimed ATL—7069. These moisture contents would not suggest
that excessive moisture caused the excessive corrosion unless
the material sent to Alcor , Inc . for testing picked up moisture
during shipment .
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The only other known differences between recl~~ rred ATL— 70t- Q and
r ec l a imed  A T L — 7 0 7 l  are the base stock and a different level o~’DODPA . Reclaimed ATL—707l contained a rotal of 3.2°~ ant~ oxidants
due to excess DODPA that had been inadvertently added. A samnle
of reclaimed ATL—7069 base stock was reformulated with ~xc~ c~DODPA equivalent to sample 1206176 and a sample of reclaimed ATL—
7071 base stock was reformulated quivalent to sample 12061148.
The corrosion characteris’,ics of these new samples established
that- the additive package was not the cause for corrosIon and that
the corrosion agent was in the base stock itself as shown by the
data in Table 37.

Table 37

EFFECT OF PROCES~~~ V A R I A T I O N S  ON METAL C O R R O S I ON

Lead Loss , Co !-per Loss ,
325°C 1450°F

mg/in. 2 
____

Reclaimed ATL—7 071 excess antioxidant . —10. 14 — 14•~
Reclaimed ATL—707l no exce~~ antiox 1d:~n t  —~~9 — .3 . ’i

Reclaimed ATL—7069 excess ant ioxidant — 0 .14 —~~~

Reclaimed ATL—7069 no excess antioxidant — 0 .3

Reclaimed ATL—7071 treated with 0.0 0.0
a t ta pu l gu s  c l a y

ATL—7069 initial used oil 113.6 1.14
ATL—7 071 initial used oil 1114.6 3.0

The anttoxidant obviously helj~ prevent some corrosion but i~
not sufficient to overcome t he  problem even at the 3~~ ant ioxi—
dant level. It is interesting to note that based cn these
limited tests it. could be concluded that- co1~~cI’ corrosion ~n—

C creases with antioxidant level. This could possibly be due to
the known ability of amines to readily chelate copper.

With limited time remaining in the program it was possible to
do only one more test In an attempt to overcome the corrosion
problem. A similar corrosion problem with fuels had been over-
come by filtration through attapulgus clay (ref. 17). A sample
of reclaimed ATL—707l base stock was treated with attapulgus
clay, reformulated and tested. The results given in Table 38
show that this treatment is successful in removing the unknown
corrosive agent . This additional treatment was therefore added
into the process for the 30 gallon reclamation of ATL—7071.

The 30 gallon scale reclamation was carried out using the pro-
cedure given in Section 5.1 with one unnecessary operation omitted ,
i.e. no phase separation was required. In addition , the reclaimed
ATL—707l base stock after treatment with charcoal was treated with
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2 weight % attapulgus clay at 20°C for 18 hours. This time was
selected as a matter of convenience since no study of this ad-
sorbent treatment had been done other than thc me experiment
discussed above .

The results of the qualification tests also confirm that the
reclamation r~r-ocess developed will reclaim used 7808 oils and
r e s tor e  t h e m  to a u s e f u l  p r o d u c t .  The cos :p lete t e s t  r e s u l t s  for
r e c l a i m e d  A T L — 7 0 6 9  and rec la in ied  7071 are given in A p p e n d i x  B.
The following, discussion will only review those test results
w h i c h  are not  w i th i n  s p ec i f i c a t i o n .

The copper corrosion value for reclaimed ATL—7069 was —3. 14 mg/In.2
( sp e c i f i c a t i o n  is 3 . 0  mg/in .2). The same used oil gave a value of
—0.6 mg/In.2 when the reclamation was done totally in the labora—
tory whereas the initial used oil gave a value of —1. 14 mg/In.2.
This suggests that a corrosive agent was Introduced or not quite
completely removed during scale up. It is quite likely that
c o n t i n u e d  reclamation process development in a plant operation
would overcome such a minor deviation .

Reclaimed ATL—7 07l Lad a Ag corrosion value of 3.7 mg/in. 2
(specification-limit is 3.0 mg/in.2). When the same used oil was
reclaimed in the laboratory a value of 0.1 mg/in.2 was found ,
whereas the inItial used oil had a value of 0.1 mg/in.2. This
agaIn IndIcates some that a corrosive agent was introduced in
the scaled up process as was found for reclaimed oil ATL—7069.

All the deviations from specification limits found for the two
oils are minor and should readily be overcome with experience
in scale up of the process.

The efficiency of the reclamation process at three different
scales ¶s summarized in Table 38. The most pertinent. Informat ion
is the percent. recoveries for each stage In the process. The
largest loss is taken on distillation in order to get a base
stock with the required low temperature viscosity. As would be
expected these values are fairly consistent since all distIllation
were done in the laboratory . Also note that , there is not much
variation In % recovery between the 1 kg and 5 gallon scale.
Again this is not surprising since both were done in the labora-
tory . Significant losses were encountered on adsorbent treat-
ment in the pilot plant (30 gallon scale) mainly due to large
scale filtration problems. These losses in no way reflect what
is achievable in a plant designed for oil recovery . Very high
costs would have been encountered in setting up the optimum ad—
sorbent separation system and it w~ s more important at thisstage of the development to get t o E . oil necessary to prove the
process than to attempt to get the optimum recovery . The

• laboratory recovery values are more accurate reflections of
potential recovery and these values are undoubtedly minimum
values.
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2.6 COST ANALYSIS

A cost analysis of the process used to reclaim the two large lots
of used oils was carried out to estimate the cost of reclaiming
used oils in batch sizes of’ 50, 500, 5,000 and 50,000 gallons.
The operations involved in carrying the reclamation as developed
in this program are shown in Figures 145 and 146. Figure 145 shows
the actual process used for used oils ATL—7069 and ATL—707l with
the exception of the phase separation step. Figure 146 shows the
process with recycle of waste streams that appear to be feasible
for continuous operation based on laboratory studies. A cost
analysis was done on both processes.

The capital cost estimates for installation of a process in an
existing plant were made using a 500 gallon batch size as the
basic un it and escalating the costs to other sizes using an. esca-
lation factor of 0.6 , an average value used frequently in these
types of calculations (ref. 17). The standard equation for such
calculations , where Cost is t he

Cost = Cost 
(
~~ )x 

o

cost for 500 gallon scale , S is the size factor and X the escala-
tion factor , was used. The capital cost data and assurn~ tions arepresented in Table 39 with the capi tal cost vs batch size da’ a
shown in Figure 147,

The installation cost assumption of 251 of capital costs was taken
from Ref. 17. This cost is probably a minimum and can vary con-
siderably depending on several factors , e .g. level of instrumenta-
tion , a m o u n t  of p ip in g, required , etc. Consequently the cap ital
cost values in Figuro 147 could be lnci’eased proportionately de—
pending on where an installation was made and how sophistJcated
the operation is designed .

The operating cost analysis was made based on the assumption that
a plant was set up and operating continuously over a year period ,
This assumes an adequate used oil supply. N o cost for collection
of the oil is included . The assumption was also made that the
plant could be operated by two men working fifty percent of the
time . Base stock recovery efficiency factors found in this project
ranged from 53% to ~6% for the no recycle process. The pt-e lect ed
recovery efficiency factors for the recycle process were 66~ t o
p0%. The cos’ analysis given in Table 140 ~s based on the lowest
oil r’~covery for the no recycle process and the highest oil
recovery for the recycle process to  illustrate the extremes
ero.islo n- ’(1. Other assumptions concerning material costs , process
losses and cycle t imes are presented in Table 140. The cost . assigned
to utilities is considered to be a very crude est imate and was de—
r~ ved by calculatin g, the cost of energy required for distillat i on
and rnu1~ ~~.lying the answer by 5 to cover the costs of the remain—
in - .  operations. This was done since It . Is difficult to estimate
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Figure 216. A Feasible Reclamation Process With Recycle.
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Table ~

CAPITAL COST DATA AND ASSUMPTIONS

E q u i p m e n t  R e q u i r e m e n t s  (500 gallons) Cost in 1977

Filters (2) $ 1 ,500
Decanter (1) $ 2,600

St~~i1 ( :) $30,000
Vacuum equipr i .e nt (1) $19,000

Heat s-curce availatle ——
Jacketed stirre ] vessel (1) $15,000

Condenser (2) $ 3,000

Kiln (1) $ 1,200

Product Stcras€ ’ ( 1 )  $ 5 , 50 0

TOTAL $78 ,000

Installation cost (assume 25% purchased
equipment cost) $19,000

Tota l  I n s t al ie d  Ca~~I t a l  C c s t  $ 9 7 , 000

Waste Oil Reclamation Capital Cost Assumptions

Source of heat available

A batch requires 5 hrs to compl’?te distillation

Heat of vaporization 50 gcal/g ,
Specific gravity waste oil 0.93

Condenser cost 10% of still

Storage capacity, product , 5 batche s

Installation cost 25% purchased equipment cost
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cost for filtrations , pumping materials , etc. without . more detaile d
process development data that could only be obtained by further
development work. However , the cost of utilities by this estimate
Is 3 cents a gallon or less and so has very little impact on total
costs.

The operating cost breakdown for the four batch size operations
are given in Table 141 and summarized by category in Table 142 as
cost per gallon of reclaimed oil. It is obvious from Table 142
that t e sti ng costs are predominate at the lower batch sizes
wher ’ ,as mat erial costs predominat e at large batch sizes.

Not i r i-l ud ed in the above analysis is the cost incurred if
virgin base stock must - he added to adjust the —65°F viscosity.
This is t r e at e d  here  as :~ separate case since this addition was
no t  a l w a ’,’s found to be necessary . The virgin has i- stock used
in t h i s pt-c -ram w a s  Emery 2 q 8 , a di— 2— ethy lln- x yl a:a’late ,
whi ch costs from $ 0 . 7 5  to $0.8 -t/lb at 1977 1~~ l e n - s .  Assumi no
t h a t  l0~ 01’ Emery 2958 had t o le added to I he n-~’claimed base
s t o c k  the addit . ional cost- incurred W oUl d  be $0. 57/gallon of
n-~’c1a1med oil assuming that Emery 2958 was purchased at its
lowest price . The effect of this addition on total costs aro
shown for 1-he four batch sizes assumin g no recycle .

50 500 5,000 50,000
~ a l l o n  g a l l o n  g,al~~on ga l lon

Cost w ithout Emery 0958 1,59.13 17 .3-s ‘~.00 1.59

n-
s t  O f  ~~~~~~~~~~ ~.rnC ’ry 2~~~h 0.57 0.57 0.57 0.57

T o ta l  (‘o ut .  159 .70  17 .95  ~.(  I~ 2 . 16
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SECTION I I I

CO N CL US ION (I

1. A feasible process for reclamation of synthetic ester turbine
engine oils has been developed. The main features of the
process consist of distillation to recover base stock ,
followed by treatment with adsorbents to remove degradation
product s and addition of additives to upgrade the oil to
meet  specifications.

2. Th C C U se  of other operations such as oxidation of impurities
and s o l v e n t  treatments to carry out certain ph a s e s  of the
pr o ces s  were  s tu d i ed  h u t  were  not  s u c c e s s f u l  e n o u g h  t o  he
useful fet’ a general r e c l a m a t i o n  p roc es s .

3. D i s t i l l a t i o n  at 15 mm to  a m a x i m u m  vapor  t em p e r a t u r e  of
285°C gives a reclaimed base  s t o c k  h a v i n g  t h e  n e c e s s a r y
visecosity c h a r a c t e r i st i c s  to allow reformulation to a usable
‘-dl after r e mov a l  of impur it ies -

~4 . F o am i ng  c h a r a c t e r i s t i c s  ( :~s d e t e r m i n e d  of t~e t ho d  321 3)  and
th e to t al acid numbe r- of rn- 4,’claimed base stocks are good
q u a l i t y  control test s for’ det ermining t h e  success of t h e
r e c l a m a t i o n  p r o c e s s .

5. A high p r e s s u r e  l i q u i d  c h r o m a t og i - a p h i c  t e c h n i q u e  c a p a b l e  of
‘iuantifyin g the important residual additives in a reclaimed
base s t o c k  was  d e v e l o p e d .  (uantifying residual additives
is  necessary to allow proper adjustment of levels of additives
when an additive package is introduced into reclaimed base
stock.

t .  It was shown that gas chromatograms were useful for estimating
the ratio of base stock types In used oils , i.e., diester
vs. triester. In many cases the ratio of the original new
oil mixtures could be identified . Infrared spectra can
also be used to qualitatively identify a used oil with
respect to the presence of diester and triester base stock.

7. If necessary the viscosity of a reclaimed oil can be adjusted
to meet specifications by use of a virgin base stock. An
oil with a foam volume somewhat in excess of specifications
can be combined with a low foaming oil to obtain a mixture
that meets specifications .

8. Two additive packages were developed that are nearly satis—
factory for use in reclaimed base stocks. Their utility was
established in virgin base stocks. Use in four reclaimed
oil formulations showed success except for minor corrosion

4 120
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problems . Whether these problems can be attributed to the
additive package or the reclaimed base stock Is not known .

9. The cost analysis of the process established that It could
be cost effective depending on the scale of o p e r r t i o n .
Continuous large batch size , e.g. in the 5000 gallon rangCC~,
reclamations would be required to get reasonable cost
effectiveness. The cost of qualification tec- lng is tOo
great at lower batch sizes.

A
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SECTION IV -

RE C OMMEN DA TI ONS

The following are areas in which it is recommended that further
effort be placed for improvement and refinement of the process.
The process as it now is defined has been shown to be feasible
for reclamation of used 7808G oils. However , it needs to be
documented by reclamation of more batches. In addition , assum—
tng the viability of the process is further documented the
following suggestions for refinement are made .

1. The amount of adsorbents to be used should be studied in
more detail and the effect of change s In level followed
by pertinent qualification (e.g. corrosion , flash point )
and analyt ical tests (e.g. CC , HPLC , ac id number). After
a sufficient num ’uor of tests had been run it should be
possible to correla~~’ the qualification tests and analytical
r e su l t s  to  d e t e r m i n e  the  degree of c o n f i d e n c e  one could
have in using analytical methods to follow a reclamation
process. The amount of adsorbents used in the present
process are undoubtedly maximum l€~vels and were deliber—a t e l y  kep t  h igh  to i n su re , as much  as p o s s i b l e , the
general ity of the process.

2. In view of the results obtained -by u s i ng  an a t t a p u l g u s  c l ay
t r e a t m e n t  fo r  A T L — 7 0 7 l  i t s  use in p l a c e  of F u l l e r ’ s e a r t h
should  be s t u d i e d .  E a r l y  r e s u l t s  in the  p rogram sugges ted
t h e  use of a tt a ~~u 1gu s  c l a y  c o n t r i b u t e d  to f o a m i ng  b u t  t h i s
wa s  no ’ :ut s l a n t l at e d  by its use late in the  pr oor a m .

3. The use of distillation vapor temperature as a distillation
en d  c m ’  - - -~~~ u i - c  i et u . i led f u r t he r  p a r t i c u l a r l y  u s i n g  a

n- 1 w i d e  n - n - I~’
n- y of ~4seJ oil m ixtures.

‘ Lj~ The arstunt of v~,rk ”in base stock required to adjust the —65°F
v i s- s o s i t ’,n- o f  rL ciaim e i base stocks should be studied to
get a mcr’C: accurate measure of the -amount needed for a
v a rie t ,~ of ‘e c l a i s a - d  base stock mi xtu res. ‘ ‘ n i s  c o u l d
p robably be -done l a rg e l y  u s i n g  v i rg in  o il  - -g x t  u r 4 e s  to
a i m u l a t - e  r e c l a im e d  base  s t o c ks .

5 ~~~~~ effec t of Ca (OH)2 on pi-or erties ct h ’r than act-i number
shoul-a be stud ied to insure t h a t  e s t er ’  h y i r  ly s  is does not
occur J’or ins its use to s u c h  an e x t e n t  as to -~ d et  r ’ i r ae n t a l
to  lon e - t e r m  s to rage  s t a b i l i t y,  f l a s h  point , etc .

6. Tests tar establishing whether a used oil contains foreign
conta mination that would prevent its reclamati~ - n should be
established.
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SECTION V

EXPERIMENTAL

5.1 THE OPTIMIZED PROCESS

The f o l l o w i n g  d i s c u s s i o n  details the process as developed and
optimized in the laboratory and pilot plant shases of thIs crc—
gram. The operations discussed follow those outlined in
Figure L.5 ,  section 2.6. The materials used are those specified
in Appendix A . Not all the operations discussed were n~-cessary
for the oils reclaime d in this program , i.e. phase separation ,
but t h ey  ar~ included to keep the process as general as can be
en v i  si  o r r e d  be ins :-ucruired -

~-‘i l t ra a  i o n :  :~~l ~d in so l u b l e  m a t e r i a ls  ur e s e n t  in t he  u sed  o i l s
(e.g. wear - me tals , sludges) are removed by filtration throush a
10 m1c :- -~ r i  c a r -  ri ige type filter. These materials are present in
very  li~’~’ am3unts , usually less than 0.2~ by w e i g h t . The p o t e n t i a l
presence of metals and unknown or -tanics necessitates disposal b
l an d fI l l  techn iques .

Phase 2cparaticn: LI quid phases are separated i f  p r e s e nt  . Thes --
p h a s e s  w u l . l  most  l i k e l y  be w a t e r  or some aqueous  m i x t u r e  as a l l
er t’tanic l i q u i d s  t e s t e d  were  c o m p a t i b l e  w i t h  the  o i l s .  P o l a r i ti e s
r a n g i n g fr o m  th ose  of ‘n e x a n e  to m e t h a n o l  were c o m p a t i b l e  a l t h o ugh
sorts’ suva-’estion of incompatibility was noted with m e t h a n o l .
A dd ition of small quantities of water to solutions of oil and
wa ’ er s o l u b l e  l i q u i d s  s u c h  as m e t h a n o l , aceton and tetrahydr o—
fur-an caused phase separation of the ma,~or port I on of - he or gan i c
solvent. Disposal would depend on flammability but burning would
be the most desirable method. No insoluble liquid phases were
found in the used oil samples available to this program .

‘1 Distillation : The oil phase from the above phase separation is
distilled at 15 mm Hg. The forerun boiling up to a vapor temper-
ature of 180°C is discarded. This fraction never amounted to
more than 0.5% by weight and usually ran less than 0.1%. Dis-
posal of this fraction would be by burning since it is mainly
orsanic hydrocarbons and oxygenated hydrocarbons.

The remaining oil is then distilled at a constant 15 mm until
a vapor temperature of 285°C is attained. This fraction , i.e.
boiling point 180—285°C/15 mm , can readily be reformulated to an
oil that meets both the 210°F and —65°F vIscosity specifications .
The presence of material boiling above 285°C r e q uir e s  addition
of significant quantities of virgin base stock to adjust the
—65°F viscosity and thus adds significantly to the reclamation
cos t. This distillation Is carried out In a short path distil—
latiorn apparatus protected from contamination by organic mat ’ —
rials.
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In  he l a b o r - a t o n - v  t ire 1ar”~’ scale dist illal ion wa s  acne in a 22
li t or flask set —u p as shown in Figu re , 05 ’d o i l wa~’-
n - ann ~‘i (~~eax- l und ) from a drum through a 10 mlc r- n can’ t n i t --
f i l t e r -  i n t o  a 22 lii or’ flask. The f l a s k  was fit o l  w i t h  a heat-
ing mant . l e , h - - n - m o n e t  or - , m e c h a n i c a l  ~t i r r - e r ’ , i n l e t  and out  l - t

a ut i t e n - -ool ’a cond ’ni — n ’ , a v a c u u m  t a k e — o f f  and a 22
111cc re ce lv ’r - . A l l  g l a s s  j o i n t s  w e t s -  sealed lns 1 ae ’- Teflo n
sleeves and stopcocks were lubricated u sinic’ a b i T h  v I s — - s i t y
v i  tn- S i n n b~~so stock. The flask was ctrat ’~~-d wit P an n I - c x l r n ’c te i v
1 lI t er (‘~-3 .h sa l lo rn ) of used oil a t  room It - rn  a t , u n - ( ’ , - h
pressur e reluct ’i  to 15 mm and  t h e  d i s t il i a t i n c a r - I - I - - Li o u t  as
above. The di st illation n- a ’ C ’ was very close to 3. ~ lit en’
( oNe  - -a 1 ion) ,-drcan- . The di st iii at Ion ranged f i - ° m  1 oPt y e l l  W

a m edium or-sane In c o l o r -  d e p en d  I n n s  on the pan-I i - u l s r n -  u se r
oil d i s t i l l e d .  The l i s t  i l l a t i - n n  residue is a v i s , n- ’as  oil t in - s t
e a rn t o  ~l I sn os ’l of by 1-urni nrc.

A fL - as, test earn be run afte r- d i s t i l l at i rn t o  1r o ,t - c t  I t ’  the
n -  - c  I a  i med  b a s e  s t o c k  a fter adsorbent t r o a t m e n t  w i l l  m - ‘ I  spec I—
tlc:ntlc nns . A value of’ 20 ml or less (N e t t ed ~2 1 3) is usually

A - i ist ill ed used oIl with high f oam i r a n- c har a ct er’ l  st  i t ’S
can n n- -i- ad - I v  I -  n’ t ’dist ,llled t o  g i v e  a low foaming il. This was
shown by o n -  -x-ampl e e n c o u n t  ered in t h is  pro gram .

A d s - n t - -nc Tn-ea t mon t s: The distill ed oil was m ixed w ith 2~I
Ca I ci urn h y - l  r n - x l ie by we I gh t  and  st.i rn -red a t  room t e m p e r a t .  u re  f or
lh hours. D ur i n g  this time the solid phase turns from white to
ye li-ow t o or-gane to purple. This last. (‘0] or chrnnrg i ’ occurs
o c:i ew t- n ’ - l e t  ween 10 and 18 hours. It may be possible to
sh -rt -en t - h is contact t - i nra’ by increasing I he temperatur e . This
pos sibility was not - studied however since the use of Ca(OH)2 was
esi ablished lat e i n  the program. Treat mont of ester ’s at . higher
tem pe ratures has the nossit i lity of hydrolysing t~he esters and
s ub s e q u e n t l y  a l t  e m - i  us the visco sity of t h e  oil. If t his occurred
i t  would n it -c oos i t a t - ~ not hen- d ev o l a t l  i i  oat ion to remove alcohols.
After I he 18 hour contact 1 ime an amount of filter ’ aid (Hyflo
fuper Ce l )  e’ iu iva lent to t he  Ca(OH)2 by weight - was added and the
mixture fill er -cl un der vacuum t h r ou T h  an open basket filter pro—
tected from the at,mos fTh’rs’ by ulast ic sheeting. The filter aid
is necessary t o  prevent p i n i g g i  r s  of the filter due to the fine
particle sloe Ca (OH)2.

The oil recovered from the Ca(OH)2 treatment Is then mixed with
5 weight % Fuller ’s earth (heat activated at ~450°C/5 hi’), heated
to 50°C under dry N2, held at- 50°C for one hour , cooled and
filtered. In 1-he laboratory and pilot plant . this filtration was
aided by addition of 2 weIght % filter aid. However in a con—
tinuous plant operation this separation would probably be
accomplished using centrifuges and the filter aid would not be
required.
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The oil recovered from the Fuller ’s earth treatment is mixed
with 5 weight % charcoal (dried at 125°C/20 mm for 5 hours)
under dry N2, held one hour , cooled and filtered. As before
filter aid was used in the laboratory and pilot plant but
probably would not be required in a plant operation .

The equipment used to carry out the adsorbent treatments in the
pilot plant Is shown In Figure 119~ It consists of a stirred
30 gallon glass—lined reactor , an open b a s k e t  f i l t e r , r e c e i v e r s
and auxiliary equipment .

The adsorbents are disposed of by burial In landfills. Fuller ’s
earth can be recycled by heat activating at ~50°C/5 hours toburn off the organic residues. This was demonstrated In the
laboratory and is a routine function of many user’s of clay ad—
sorl-ents . Recovery of the Ca(0H):~ would be very diffIcult.
( ‘h a t - c o a l s  can be r e c l a i m e d  in some cases. This was r i o t  s t u d i e d
in: t h i s  p ro ram bu t  i n f o rm a t I o n  can be obta in - c -i from su~ iliers.

Rt~~n- , n ~r~u 1a 1I o n :  The r e c l a i m e d  base  s t o c k  fr-em ‘ i:° abo ve char—
I I r e a t m e n r t  is analyzed for r’s I tual a d n I  t iv- -c  so t h a t -

n r - o l - t ’ r -  a d j u s t m e n t  can be made fo r  t h e  r±n u n: ’- s  of i n d i v i d u a l
a - r u t  I y es  to  be u sed  In  r e f o r m ul a t  I - a n .  A hi gh p r e s s u r e  l i q u i d
chn - -noa t o g r ap h i  c analysis Is p - i - f o r - m o d  as e n -  the t-rocedure in
. t ’Ct] fl 2.1.1.1. DODPA Is th - - only r-osii ual a—Hit ly e  f o u n d  In
a n y  s ign i f i c a n t  c o n c e n t r a t  l o i n  in t he  r e c l a I m - L i  P a s t -  s t o c k s .

An a c i d  n u m b e r  is obtained on the reclaimed base stock to
insure that this specification can be met. If the acid number
is in excess of about 0.25 a smal l  a m o u n t  of the base stock should
be reformulated and the acid number determined again. A slight
increase in acid number often occurs on reformulation. If the
aci d n u m b e r -  i s  too high a retreatment with Ca (OH)7 w ill lower
it s u f f i c i en t l y .

The viscosities at 210°F and —65°F are also determined to find
out if’ any virgin base stock need be added to obtain an accept-
able viscosity level.

The oil r-ecovered from t h e  charcoal treatment is t hen  mixed
with the additive package , heated to 80°c under dry 

~~2 w ith
stirring, cooled and filtered through a 10 m i c r o n  c a r t r i dge
f i l t er to remove any traces of insolubles carried along t hrough
the process. The t i m e  at 80°c is the laboratory was ,iust . a few
rairi ute c as everythin g had p~one into S O I U t I O f l  by t h e  t i n e  t he
t -~~r n p - o r a t U r e  r- -ached 00°C. Slight ly io n -er -  t~~n :’ at 8o°~’ ma :~- he
needed  In  a p l a n t  o p e r a t i o n  due to differences i n n  heat- t r a n s f e r .
The r cla ’n- 1 oI l  was filtered through the 10 n i c r - c - n f~ iter
under Il 2 n- -osur e d ir - -ct ly Into epoxy coated 30 gall n -Jr r n ’ s .
The - t r u s s  were  f l u sh e d  w i t , h d ry  Il ;~ and se a l e d .  The e q u i p m e n t  set
used for t h i s ot t - r a t i o n  i s  shown in  Figure 50.
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Vent N
Rupture Disc —.. ~

s•%*:~L 12

Stirrer 
_____ ______ Vacuum

—4 “ Vac / Pressure Gage
30 Gallon Glass-l ined Reactor

4 th F loor 
______ __________ _____

~~ ~~~Heating Jacket

a— 2” Stainless Steel Pipe

Open Basket Filter
Filter

S t a i n l e s s_ Steel_ T u b i n g ~~~~ Vacuum

3rd Floor _______________________—\~5 Gal lon ”
Glass Receivers

Figure 14 9 . Equipment Design for Adsorbent Treatments In Pil ot
Plant
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Rupture Disc4 
Vent N2

Vacuum

-~~~ 
Vac / Pressure Gage

30 Gallon Glass- l ined Reactor
4th Fthor 

_ _ _ _ _ _ _ _ _ _

Fil ter i te Filter , lO~

~~
“ Copper Line

R eceive r Dru m , 30 Ga l lon

3rd Floor

Figure 50. Equipment Design for Oil Reformulation
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5.2 LABORATORY RECLAMATION TECHNIQUES

5.2.1 Filtration

Solid Insoluble materials are removed by filtration of the oil
through a filterald (Hyflo Super—Cel , Johns—Manville Corp.),
under vacuum . This filteraid is also used to assist In removal
of adsorbents.

5.2.2 Devolatilization

Highly volatile materials are removed from the used oil by
distillation under vacuum up to l65°C/5—lO mm. The receiver
Is cooled in a dry Ice/acetone bath , thus permitting collection
of the volatiles for analysis. All Joints are sealed with
Teflon sleeves to prevent contamination by organic grease. The
oil sample is heated , with stirring to approximately 165°C and
5—10 mm pressure and devolatilization is usually complete in
about 30 minutes after visible evolution of volatiles can be
seen. Devolatilization time for a one liter sample is approxi-
mately 1 hour .

5 . 2 . 3  Adsorbent Treatment

Adsorbent treatment is defined as a composite treatment of 3
adsorbents; acid , basic clays and activated charcoal. Oils are
treated with one adsorbent at a time . The adsorbent is added
to the oil and the mixture heated to 50—70°C , for 1 hour . The
adsorbents are removed by filtration through a filteraid. Ad-
sorbents have been generally used at 10 wt % level w hIch Is
undoubtedly an excessive amount.

The acid and basic clays are heated to 1450—1475°C for 15 hours
for activation and stored in a dry atmosphere until used.
Moisture content of activated charcoal Is lowered by heating

¶ at 125°C at 20 mm pressure for 15 hours. The charcoal is also
stored in a dry atmosphere u n t i l  used.

5. 2 . 14 DIstillation

A standard short path glass distillation unit with all joints
sealed with Teflon sleeves to prevent contamination by organic
greases is used. The distillation is carried out at 190—250/
1.5 mm and is terminated when:

(a) 3% of original oil volume remains in pot
(b ) a sudden rise In vapor temperature occur s or
(c) distillate suddenly appears considerably darker.

The distillate Is protected by a dry N2 blanket during cool down .
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5.2.5 Steam Distillation

A standard short path glass distillation unit is used. Steam ,
precleaned by passing through a scrubber to remove particulates ,
was Introduced into the bottom of the oil sample through a diffu—
slon tube. The oil was preheated to 170°C at 100 mm pressure
before the steam was introduced and the steam rate was adjusted
so oil was not bumped into the receiver. Distillation was termi—
nated when the volume of condensed steam in the receiver was 1/14
volume of the oil sample.

5.2 .6 Oxidation

The technique for oxidation of used oils is illustrated with the
potassium permanganate oxidation procedure .

A sample of ATL—5052 (500 g) that had the insoluble phases separ-
ated and had been devolatilized was heated to 50—70°C. A 10%
solution of KMnO~ with pH adjusted to 2 usIng sulfuric acid wasadded to the oil In portions of 125 ml with stirring. The addi-
tIons were continued until KMnO~ was no longer consumed for onehour after the last addition as shown by the color of the aqueous
layer. A total of 975 ml of KMnO~ solution was required.
Occasional additions of a few ml of concentrated sulfuric acid
were required to maintain a pH of 2.

After the oxidation was complete the layers were separated and
the oil layer washed six time s with pH 2 water. The final wash
was left in contact with the oil and sufficient sodium bisulf ite
was added to form sulfurous acid which destroyed any remaIning
manganeous salts (see p a g e  137 of Ref. 11). The oil layer was
again washed with pH 2 water twice more followed by two water
washes. A considerable amount of emulsion formed as the pH of
the water was lowered. (Very little emulsion formed when a simi-
lar oxidation was done on ATL—5O5l). As much water as possible
was removed and the oil diluted with an equal volume of hexane
which further broke the emulsion. The aqueous layer was separated
as much as possible and CaSO~ added to adsorb any remaining water.
After drying the CaSO~ was filtered off and the volatiles removedat 10 mm up to 100°C. At t h i s  p o i n t  the oil was a pale to medium
ye l low co lo r .

H2.7 Treatment with H2SO4

The desired quantity of concentrated H2SO~, is slowly added to the
oil with stirring. ReactIon time is 1 hour at 20°C after which a
quantity of’ lime in molar excess to the amount of H2SO~, is addedand stirring at 20°C continued for 15—30 mInutes. The solids are
removed by filtration using filteraid.
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5 .3  ANALYTI CAL TECHNI QUE S

The following techniques were developed and utilized for detection
and analysis of additives in new and used oils. A summary of
techniques for detection and quantification of additives is given
In Table ~4 3 .

Table 143

ANALYTICAL METHODS FOR SPECIFIC ADDITIVES

Analytical Method For

Additive Detection Quantification

tricresyl phosphate TLC HPLC
HPLC
GO

tris( e—chloroethyl )phosphate GO

14 , ~ ‘—dioctyld iphenylamine TLC HFLC
H PLC
CC

N—pheny l— a—naphthy lamine TLC HPLC
HPLC
GO

phenothiazine TLC HPLC
HFLC

3,7—dioctyiphenothiazine TLC HPLC
HPLC

Pi’imene JPI— t HFLC — —

quinizarin TLC ——

silicone antifoam phase ——
contrast

microscopy

5.3.1 Thin Layer Chromatography

The specific technique used by NRC is to apply 5 jil of a 33%
solution of the oil in cyclohexane t-o a Silica Gel F—2514 plate
(EM Labor-at -on es) activated at 100°C for one hour. A 30/70
heptane/toluene solvent was used for development.
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5.3.2 High Pressure Liquid Chromatography

See text page 8.

5 .3 .3 Gas Chromatography

See text page 16.
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APPEND IX A

Product Specifications for Additives and Adsorbents

Dioctyldiphenylamine (DODPA), Naugalube 1438—P
3,7—Dioctylphenothiazine , Naugalub e 1459
Tricresyl phosphate , Kronitex
~Quini zarin ,Benzotriazole
Ethyl antioxidant 703
Triphenyl phosphite
Di—2—ethylhexyl azelate , Emery 2958

Calcium hydroxide
Fuller ’s earth
Tharcoal

I 
Filter aid , Hyflo Super Cel
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Product data sheets were obtained , where possible , for the
additives and adsorbents used in the optimized reclamation
process. The available data sheets are included here to
identify the source and quality of the materials used. The
following discussion identifies the source and quality of
those materials for which a specIfication sheet was not avail-
able.

-~uInizarin was obtained from GAF Corporation. It is identified
only as purified l,14—dihydroxyanthroqunone with no physical
properties listed.

Tricresyl phosphate was obtained from F’MC C orp o r a t i o n  as
K r on i t e x  A A .

E t h y l  a n t i o x i d a n t  703 ,  a p r o d u c t  of E t h y l  C or p o r a t i o n , is
2,6—LI i— test—butyl— ~ —d imethy1amin o—p— cI-esol . Produc t literature
from E t h y l  C o r p o r a t i o n  s t a t e s  i t  has a m i n i m u m  p u r i t y  of 98” .

Tnipheny l phosphite was obtained from Eastman Kodak Company .
It has :i boiling point of 3 t 0 °C and a d ea s i t y  at - 25 °C of 1.18 14.

Fuller ‘s eai-th , grade I V ~I , obtained ~
‘i’um Flonidin Company ,

was used  1n a 20/ 14 0 mesh  si:a- . This  is a h i gh  t e m p e rat u r e
a c t iv a t e d  m a t e r ia l .  A p roduc t a na l y s i s  shee t  I s  i n c l u d e d  in
t h i  a r ep or t

The f i l t e r  a id  used w-i s I l y f l o  ~ a~-er Ccl f r o m  J o h n a— M a n v i l l e
~‘orj o r-ati - - nr . This  ma~~e n i a 1  is a Ce l i t e  d I - i t o m l t e , m a i n l y

r l a : n i n u : - r  ci i i c at e c , having a S l - O L ’ l fI C  gn- avity of 7.30 and
t i r e  f o l l o w i n g  cht r-goal a r r — L l y a i c :  .~~i D - , ~~~~~~~ A 1 - , 0 3 ,  14 . 0 Z ;
l- ’ C 0~~, l. e~; f — 0~~, 0 . 7~~; T~~U - - , 0 . 2 ~~; Co O , 0 . 7 ; ~- Ion , o . 6~

n- ,
j o 2 U ~ r~~n K 0 , 3. 3~ .
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UNIROYAL CHEMICAL

_ _ _ _ _  

Naugatuck® Chemicals

NA (~CALUB E 459

H~ ~C. S n- ’J -l

A H IG H T E N I P E R A T I ’R E  A N T I O X I D A N T  FOR S~~N T H F T I (  F I . t  I I ) S

N A I G,A 1 1 I3 i~~ 459 n- 37Dioc t~1phenothiazine corn- Phentrihia,ine ( F

hines t he ant iox idant protection of phcnot hia ,i ne w hile S o l u h i l i t s  Nriluhk in acelonc t ro d s i
reducing th e sludge formation normally assc ~ iated r~rth uhie Iii to t uene . insoiuhl~ in
Its use. N A t I ( j A i  UHF. 459 can he used both as a 5 n- itt. 1

pr im ary or secondary antioxidant . and it ~ n- c i Iectr- n -e n ess is
g reat l~ en hanced when used in combination wi th  a lItNi )I.IM. I R F (  A l  TIONS
co pper d eacti s ato r . No r mat  handl in g p r een - i I t  t i n s sho u ld he c ~c rc i sc d

As ot d ingest i on . e’n- c c ontac t  - pro longed con tac t  s t i l t
TYP1( AI. PROPFR 111.5 s kin and prolonged inhalati on ii dust

App ea rance (~re~ n- cr vs ta l l inc po~ der sTOR- ~(~F 51 - t B I l - l L’t
Melt ing Point ~23 F lt ~2 (

~ ) Keep in c l o se d  c o n t a i n e r , lig ht i l l  s l ist Is  t i n - u k e n t

Ash . il ~ ~~ materia l

I3en,ene Insol ubl es . ~ 0.05 TON I( Oi.O(;~
~ I)to cty l p heno t hia ir nc 1 he oral I l)s ii t r i r  r a t s  is gni -at t -i t h i n 5 gr it s t L -. i t

(~ Monooc t y lph enot hia , ine 0.5 considered -i sk i r t  or cxc i r r i tan t

PERFORM-tM 11 t)-t T A

Test. Mo dified Allis on l e s t
Fluid: Pent aery t hrito l -has ed ester
Conditions. 425~ F. (2 I~ °C ). 7 2 hrs - au agitation at So I hr - mclii i c a ta l y s ts

NI~I~Tn - NO~ C/~ % I S ( OSI T ~ SI
.- tN T I OX II ) AN T ( OS( n - n - % IN R I ;ASF ( H ANGI :  R ~1 I - % ( n -
None 2 7 2  (jelled ( id led
Phcnoth ia,ine 2 4 5 44 ~ Heat S

N A t J G A l  ( 8 F 4 5 9  2 5 2  (F  N I
WI~IGHT C H A N G E (Mgs)

Mg Fe (‘ u Ag

None 384 106 4~~ 2 5
Phenoth iazine 1.6 09 4 9  I
NAUGA LAI B F 459 19 .0 0.5 1 . 5 I I

Ihc ,e t - omr,rc nd a l - r n 1 r . , f h c  u.c -i auc fn -ii~ o~ nr hast.1 .n-nle * I* Iwltvnd i n - , tw r t l i ab k I i r e ~ rr * r . 1 . - n~-l~
t ht , tn - uuin - r - -  is- - .bt ~ -,nf p n - t  lPw n undtr d dic r cnlcon d ri .-n. V.i n-i IUn~ in h~ bnw hu rr ni rnded n - rn - - . I O~~-rr l

in~ n- or pr ~n-d ur IS n-O r . r n I r n ~~e on ant MIm I

UN IRE JYAL
ASPn-4000 _________

Printid in U.S. A .
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TYPICAL PROPE RTI ES

~AU GAL UB I ~ 438.R

Chemical Composition a lky lated secondary aromatic amine

Specific Gravity 0.97

Melt Range , °C 99-101

Flash Point , °F 390

Ash, %  .004

Color beige

Form solid

Viscosity , 100°F. SUS —

210°F. SUS —

Solubiity Soluble in most organic li quids , insoluble in water .

Solubiity in petroleum oil
@ 77°F., % 5.0

Storage Stability Excellent

Availability Comm ercial

Handling Precautions:

Normal handling precaution s shoul d be observed. Avoid pro longed or repe ated skin contact. Avoid
bre athing dust or fumes.

4 136
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BENZOTRIAZOLE - Photo Grade

Code : BT-PG Order Entr y No. - \ 1 9  NT 5589
Synonym : l 2 ,3-Benzotriazo le

~~~~ sherwin
w ill ianis

W~ chemica(s~a division of THE SHERWIN-W ILLIAMS Co.
t echnica l  b u l l e t in - 2

NH C 1 H N .

M .W.  119.12

PROPERTIES
Appea rance White crystalline needles.

Spec if ic a tion s * T y p i c a l  An a l y s i s

Assay 9 8 n - 0~ mm 99.5

A ppearance of 1% Solution Essentiall y clear Essentially clear

Resid ue After Ignition O .5~ max. O .OR -

Vo latile Matter at 70°C 0.5: max. O n - O 8~

Ident i ty
Melt ing Point 98-99°C 98_ 99~C

*I4~et s requ i r ements of American N a ti on a l Sta ndard Inst i tu te spec ification
PH4 .204-1972. Methods of anal ysis are given in the specification.

USES Photographic chemical--developer , anti - fo g q rn
agent and restrainer in gelatin emulsions.
Al so i n  other areas where li qht sensi tive
substances are useful . (see References).

I
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TOXICITY The ora l LD - in white rats is 560 mg per k g. Che m icals with va 1ue ~
of this order are generally considered moderatel y l o si c.
Tests made on intact and abraded skin of rabbits ~ Ftow -d fl i t si in
irritation .

SAFE HANDLING Benzo triazo le and its solutions ,re not serious in c~ str iaI haz ii rds
provided that workers are properl y instructed and adequatel y
supervised in handling procedures. Where adequate ventilation is
not avai l able , approved respiratory and eye protection are required
in dust laden areas.

AVAILABILITY Read ily available from stock. Packa ge sizes , prices and other details
of sale are stated i n our latest Chemicals Price List.

REFERENCES

Battag l ia , Photo gr . Sci . Eng. 1970 , 14 (4). Sheberstov and Borokova , Zh . Nauch .
275 ; CA 73 , 50708 . Prik l . Foto gr. Kinen iatogrn - , 1 969 ,

14(4) , 292; CA 71 , ~6868
B r i t .  1 ,173 ,426 (1969); CA 73 , 40477.

U.S. 3 ,547 ,635 (1970) (To Eastman
F r. 1 ,542 ,505 (1968); CA 71 . 66055. Kodak); CA 74 . 149194 .

‘1 Cer . Offen n- 2 ,028,214 (1971); (To Western Zyu skin and Bra ichevsk aya , Zh. Nauc h .
Elec tr i c ) ; CA 74, 11842 3. Pri k i . Fotogr. Kinematogr. 1 968,

1 3(5), 326; CA 70, 16012.
Sah yun , Photogr. S d .  Eng. 1970 , 14(3),
192;  CA 73 , 20423 . I b i d , 1971 15 (1) , Zy u s k i n and G l i n ska ya , Zh. N auch.
48; CA 74 , 48046. Priki. Foto gr. Kinematogr. 1969 ,

1 4(6), 470 ( R u s s ) ;  CA 72 , 61365 .

~~‘ 
sherwin
will iams

Wd chemica ls®
P n -O.B ox 6520 , Cleveland , 0. 441 01
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TABLE I

SPECIFICATIONS OF EMERY LUBRICANT BASES

Emery Emery Emery Emery Emery Emery Emery
Specification 2910 2911 2957 2958 2960 2934 2932
Acid Value . Max. 0.2 0.2 0.2 0.2 0.02 0.08 0.10
Hydroxyl ~aI ue , Max. 3.0 2.0 2.0 2.0 3.0 3.0 3.0
Iodine Value , Max - - 2.0 2.0 2.0 1.0 - - - -

Flash Point , °F , M m .  400 300 400 400 430 480 460
Fire Point , °F , M m .  350 450 450 - - - - - -
Cloud Point , °F , Max. -40 -40 -40 -40 -40 - - -40
Pour Point , °F n Ma x. —70 —90 — 50 —75 —75 —65 —75
Viscosity, Cs.
2l0°F, M m .  2.60 1 .60 3.20 2.85 4.3 4.65-4.85 4.0
1 00°F, Max. - - . - - - - - - -  22.0—24.0 - -

-40°F, Max. - - - - 1 800 - - - - - 5000
-65°F , Max. 6500 800 - - 7000 - - - - - -

*~ ()j) Lead Corrosion , Mg/sq . in.
1 Hour , Max. ±4 - ±4 ±4 ±4 No negative ** No negat ive **

values values

Oxidat ion Stability , 347°F -

h ours , M m .  100 - - 100 100 - - - - - -

Con t ains 0.5% purified phenothia 2ine
0.1 % Ethyl anti-o xidant 703

•*Contains 0.5% puri fied phenothiazine

4 ~l3 9
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3. T . Baker Chemical Co. 4/2 9/ 7 7

Calcium Hydroxide , Powder
‘Baker Analyzed l R REAGENT

Suitable for Thin La yer Chromatograp hy
Product No. 1372

Specifications

Assay (Ca ( 0H )~~) 9 5 . 0  % m m .
Insoluble in ~IC 1 0 . 0 3  % max.
Chloride ( C l )  0 . 0 5  % max.
Sulfur Compounds (as SO 4 ) 0 . 1  % max.
Heavy Metals (as Pb ) 0 . 0 0 3  % max.
Iron (Fe)  0 . 0 5  % max .
Magnesium and Alkali Salts (as SO4)— 1.0 % max.
Suitability for TLC passes test

4 i~~~o
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FULLER ’ S EARTH FROM FLORIDIN Co.

Typical Chsmlcal Analysis (Volatile Free Basis):
SlisSlOt 6621%
AI u AI,03 11.71 %
Fl F.,O, 4.02 %
Pas P,O, 
Ca U CoO 2.92%
Mg as MgO 970%
K.sK,O 1.07%
Other 338%
Note:
A Jphn orconstiIusetsah n,nfl ~ typical analysis a,. r.portedes oxides.
tt*y at• actually combln.d as compl.x silicates In FLOREX.

Typical Physical-Properties
p RVM LVM

Color Gray Tan
Free moisture (8$ produced). S 7 2
Combined moisture . 5 9 6
pH 8 8
Surfac. area n- m’/g 125 125
Specific grav ity 2 5 2 5
Angle of repose, degrees 31 31

(100/up and 200/up 300)
Base exchange capacity 20 20

(mllli equiv alents/100 g)
Porevolum e , ml/g 0514 05 24
Void space & porosity. 5

Grades up to 24/48 45 45
Grades 30/60 and finer 39 39

Bulk densi ty. tree fall . lbs /ft 34 34
Water Breakdown Readily Resists

bre:k dow n

4 1-i - i 
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ACTI V ATED CARBON TE CH N I C A L  DATA

TYPE C 11 7

~~~~c 1 I (cat ions

Carbon t e trac h lo r ide  activ ity, we ig ht percent, mInimum 70

A p p a r  cO t  d~- n s i t y ,  p~ick ed , grams per cubic centim e ter 0.27- 0. 12
(ASN 0 2854)

Ash , t otal , weight percent , m aximum (ASN 0 2866) 7

Iron ccintcn t , wei ght percent Fe , maximum 0.10
Copper Content , ~arts per million , maximum 20
Su l fur as su l f i d e  ni l

Water soluble content , w~n-i g h~ percent . m ,ix lmsim m t~, 0
lId s o l u b l e  content , weig ht pe rc.-nr . m ,ixl miim 6.0

Mo i-~iu u - ’ Conte n t , wei ght perc ent , m~Ixim u,m , is l iC k C d 7
(ASTM 1) 2867)

Part i c l e  si ze , u.S. Sieve Se r b s: (AS i’M 0 .‘~ h2)

On 12 mesh , wei ght perr .-nt - ~~~ baum 5.0
12 x 10 mesh , wei ght j~- r c c u t  - ml i imu im 11) 0
flu ru 30 mu - ii , we i gh t l i t  - I ruu u im S. 0

P

~~

p!!Ste!

Surface area (BET), square meters per gram l 000-ll(iO

Pore volume (N2), cub fc cent im e ters per gram 0.72-O n- 80

Spe cific heat at 15CC 0,24

pH of water extr a Ct 6 5 - ~~~n - S

1 201 72

NORTH Afr1 ER 1C~4N CARBON
- 

COLUMB US, OH I O  43219

4 1~42
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AFrENUIX B

C~~~n f O ’ n -~~~
- t n ~~~e and -~ua1if ’lcatjor~ Test Results f’or

Rec1:± t~-i ATL—7 0u9 and ATL—707].

I
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ADDITIVE LEVELS FOR RECLAIMED OILS

Conformance Tests Qua l i f i c a t i on  Tests
ATL-7069 ATL-7071 ATL-7O69 ATL-7071
(Sample (Sample (Sample (Sample

Ad ditives 12061481 1 206176) 1209O25MN) 1 209023AB)

tricres y l p hos p ha te 2 .0% 2.0% 2.0% 2.0%

4,4’-diocty ldipheny lam ine 1.0% 2.2% 1.0% 1.0%

3,7 -d ioctyi pheno th i a z i n e  1. 0~ 1.0% 1.0% 1.0%

benzotriazole 0.1% 0.1% 0.1% 0.1%

triphenyl phosphite 0 .1% 0.1% 0.1% 0.1%

qu i n i z a r i n  0.05% O.O5~ 0.05% 0.05%

Antiox idant 703 0.1% 0.1% 0.1% 0.1%

Emery 2958 22~- 0 0 13.7%

.4
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CONFORMANCE TEST RESULTS FOR RECLAIMED ATL-7069
(SAMPLE 1206148) AND ATL -7071 (SAMPLE 1206176)

Specification Results

PHYSICAL AND CHEMICAL PROPERTIES ATL-7069 ATL-~7O7 1

Total Acid Number 0.30 Max. 0.17 0 .20
Viscos ity , cs 8 210°F 3.0 M m .  3.1 3.1

P V iscosity, cs 9 100°F 11.0 M m .  12.0 11.9
Pour Point , °F -75.0 Max. -95 -90
Flash Point (COC) , °F 400.0 M m .  400°F 400°F
Evaporation , 6.5 hrs . 9 400°F

Weight Loss, 5 35.0 Max. 8.3 19.9

VISCOSITY STABILITY 9 -65°F

Original Oil , CS 10,589 10,855
A f ter 3 hours, cs 13 ,000 Max . 10,325 10 ,974
Viscosity Change , 5 6.0 Max. -2. 4 +1.1

TRAC E SEDIMENT

Precipitation mg/200m1 0.005 Max. 0.000 0.000

FOAMING CHARACTERISTICS
75°F

Volume after S m m .  aeration , ml 25 Max. 20 10
Volume a fter 1 m m ,  sett ling period 0 0 0

200 F
Volume af ter 5 m m .  aeration , ml 25 Max. 10 10
Volume af ter 1 m m .  sett ling period 0 0 0

75°F (after  test at 200°F)
Volume after S m m .  aeration , ml 25 Max. 20 10
Volume after 1 m m .  settling period 0 0 0

H ELASTOMER COMPATIBILITY , 168 Hrs. 9 158°F

S Swell 12 — 35 26 .5  2 4 .1

114 5
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Specifica tion Results

FA ELASTOMER COMPATIBILITY , 72 Hrs. 9 347°F ATL-7069 ATL-7071

S Swell 2. 0  — 2 .0 + 16 . 2  + 1 7 . 3
Tensile Strength , % Change 50 Max . +1 .1 +6.5
Elongatmon, S Change SO Max . + 1-1 .7 +21 .0

Hardness , Shore Durometer , No. Change 25 Max . 5 5

FS ELASTOMER COMPATIBILITY , 72 Hts. 9 302°F

S Swell 2.0 - 2 ~0 5.6 5.6

Tensile Strength , S Change 50 Max. -13.8 -19.8
Elongation , S Change 50 Max. -17.6 -17.6
Hardness , Point Change 25 Max . —10 10

CORROSION AND OXIDATION STABILITX~~ 72 Hrs. 9 347°F

Corrosion:
Steel, req/cm 2 ‘0.2 +0.014 -0.034
Silver , mg/cm2 0.2 -0.014 +0.014
Aluminum , mg/cm2 ‘0.2 +0.007 —0 .007
Magnesi um , mg/cm2 0 .2  +0.014 0.000
Copper, mg/cm2 ‘0 .4 —0.007 +0.041

Appearance of Metal Specimens :
Pitting None None None
Etching None None None

Corrosion None None None
Staining Report None None
Oxidation :
Viscosity 0 100°F, cs , Initial Report 12.0 11.9
Viscosity 8 100°F , cs , Final Report 13.1 12.9
Viscosity 8 1- 0 ° F , Cs , Change - Report 1.1 1.0
Viscosity 8 100°F , 5 Change — 5 to +15 9.2 8.4
Total Acid Number , Initial Report 0.17 0.20
Total Acid Number, Final Report 1.23 1.21
Total Acid N umber , Change 2.0 Max. 1.06 1.01
Evaporation Loss , S Report 0.2 0.2
Appearance Report Dark Brown Dark Brown

LEAD CORROSION , 1 Hour 9 325°F

Weight Change, mg/in 2 6 Max. -0.3 -10.4

4 t - ’16
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Specification Resul ts

SILVER AND COPPER CORROSION , 50 Hrs. 9 450°F ATL-7069 ATL-7071

— Silver Weight Change , mg/in 2 3.0 Max. 0 .0  -0.1
Copper Weight Change , mg/in2 3.0 MaX . -0.6 -4.4

DEPOSITION NUMBER

t)eposit Number 2 . 5  Max. 0.63 0.20

RYDER GEAR TEST

Determinations , ppi 2440 2735 2780

WORK MANSHIP Clear & Yes Yes
Transparent

ACCELERATED STORAGE STABILITY 9 230°F

Lead Weight Loss , mg/in2

48 Hours 25 Max. 3.0 12.3
168 Hours 150 Max. 61.4 94.2

4 114 7
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QUALIFICATION TEST RESULTS FOR RECLAIMED ATL-7069
(SAMPLE 1209025 MN) AND ATL-7071 (SAMPLE 120923AB)

Specification Results

PHYSICAL AND CHEMICAL PROPERTIES ATL-7069 ATL-7071

Total Acid Nwnj,er 0.30 Max . 0.22 0.20
Viscosity, cs d 210°F 3.0 M m .  3. 0 4 3.04
V iscosity , cs 0 100°F 11.0 Mitc . 12 .0 11.7
Pour Point, ‘F -75 .0 Max . -85°F -80
Flash Point (COC), ‘F 400.0 M m .  400’F 42~

(
Evaporation , 6.5 hours @ 400’F

We ight Loss, ‘. 35.0 Max. 1.8

VISCOSITY STABILITY @ -65°F

Original Oil , cs 11 ,7 6 - l’ ,560
After 3 hours , cs 13 ,000 Max. 11 ,770 10 ,560
After 72 hours , cs 17 ,000 Max. 11 ,780 lc,590

TRACE SEDIMENT

Precipi tation , mg/200 ml 0.005 Max. 0.000 0.000

FOA 14ING CHARACTERISTICS
75°F

Volume after 5 rein, aeration , ml 25 Max. 20 20
Volume after 1 nun, settling period 0 0 0

200°?
Volume after 5 m m .  aera tion , ml 25 Max. 20 20
Volume after 1 mA n,  settling period 0 0 0

¶ 75°F
Volume after 5 sin, aeration , ml 25 Max . 20 20
Vo lume after 1 sin , settling period 0 0 0

FOAMING CHARACTERISTICS ,
M ETH OD 3213

Foam volume , ml 100 Max . 50 50
Collapse time , sec 60 Max . 11 50

4 149
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Specification Results

CORROSION AND OXIDATION STABILITY, 72 HOURS 9 347°F ATL—7069 ATL-7071
Corrosion:

Steel , mg/cm2 ±0.2 — 0 .007 0.000

Silver,  mg/cm2 ±0.2 — 0 .069 —0.027

Aluminum , mg/cm2 ±0.2 -0.027 0.000

Magnesium , mg/cm2 ±0 .2 0.000 -0.021

Copper , mg/cm 2 ±0.4 - .041 -0.034

Appearance of Metal Specimens:
Pi tting None None None

Etch ing  None None Non e
Corrosion None None Non~-

Staining Report N one None

Oxida tion :
Viscosity 0 100°F , 5 Change — 5 to +25 +10.0 +7 .7
Total Acid Number , change 2 .0 Max. 0.03 1.03

Evapora tion Loss, S Report 1. 0 1.1

Appearance Report Ok . Br . Ok . Pr .

LEAD CORROSION ,  1 HOUR @ 3 2 5 ° F

Weight Chan -~~ , mg/ in 2 6 Max. -0 .1 .0

SILVER AND COPPER CORROSION , 50 HOURS 9 4 5 0 ° F

- cl v ~~r ~
- . i gh t Change , mg/in 2 3.0 Max. —0 .1 -3.7

- jj’t- r Weight Change , mg/in 2 3.0 Max. -3 .4 (( .0

‘1
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Speci f ica t ion  Resul ts

SWELLING OF SYNTHETIC H RUBBER , 168 Hours 9 158°F AT L- 7069 ATL -707 l

Swell , % 12.0 — 35.0 34.4 31.4

SWELLING OF SYNTHETI C FA RUBBER , 72 Hours 9 347°F

S Swell 2.0 — 25.0 22.0 18.2
Tensil e Strength, % change 50 Max. -8.9 +1.1
Elongation , S Change 50 Max . +41.0 +14.8
Hardness , No. Change 25 Max . 5 5

SWELLING OF SYNTHETIC FS RUBBER, 72 Hours 9 3 0 2 ° F

S Swell 2.0 - 25.0 6.1 5.5
Tensile Strength , S Change 50 Max . -39.2 —39.7
Elongation , S Change 50 Max . —19.1 -30.9
Hardness , No. change 25 Max . 5 -5

SWELLING OF SYNTHETIC QVI RUBBER, 72 Hours 9 3 0 2 ° F

S Swell 2.0 — 30.0 18.4 17.2
Tensile Strength , S change so Max . -16.6 -32.2
Elongation , S Change so Max. -2.2 -4.5
Hardness , No. Change 20 Max. -15 -15

ACCE:.ERATED STORAGE STABI LITY 9 23 0 °F

Lead Wt . Loss , mg/in 2

48 Hours 25 Max . 17.5 6.3
168 Hours 150 Max . 71.3 71 .3

DEPOSITION NUMBER

Deposit Rating 1.5 Max . 0.28 0.39
Viscosity Change, S Report 18.3 16 .2
T .A.N . Change Report 2.98 4.56

RYDER GEAR TEST

8 Determ ination , ppi 2200 M m .  2526 2384
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Specificat ion Resul ts

CORROSION AND OXIDATION STABILITY, 96 HOURS 9 347°F ATL-7069 ATL-707l

Corrosion:

Steel , mg/cm2 ±0.2 +0.060 -0.109

S i l ve r , mg/cm 2 ± 0 . 2  -0 .069  + 0 . 0 5 1
Aluminum , mg/cm2 t( .2 t f l .j o O  + 0 , 0 1 0
Magn esium , mg/cm2 ±0.4 -0.028 -0.008
Bronze AMS4616, mg/cm2 ±0.4 +0 .050 +0.006
T i t a n i u m , mg/cm2 ±0.2 +0.069 —0.080

M -5O Stee l , r rg/ Cnm 2 ±0.2 +0.010 +0 .012

P~jpearan ce o t Metal Sj’ec imens:

Pi tting Repor t None None
Etching Report None Nocce
Corrosion Report None None

S t a i n m n~ Report None None

Ox i dat ion:

Viscosi ty -~I 100°F , 5 Change -5 to +15 10.8 7.7
Vi scoi~t ty -‘t 2 l °F , S Change Report 10.0 6.7

Total Acid NumI.-r , Change 2.0 Max. 1.13 0.98
Evaporation Loss, S Report ‘~.4 4.-~
Si udqt- , Volume, Report 1 .0 1 .4

I
4
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Specification Results

ATL—7 069 ATL—707 1

CORROSION & OXIDATION STABILITY, 48 H ours 9 3 9 2 ° F ,  MIL - 7808H

Corrosion :
Steel , mg/cm2 ±0.2 —0.004 —0.089
Silver , mg/cm2 ±0.2 —0 .040 -0.061
A l u m i n u m , mg/cm2 ±0.2 —0.050 -0.069
M . e~~~ s ium , mg/cm2 ±0.4 —0.002 —0 .119
Bronze , AMS4616, mg/cm2 ±0.4 -0.040 -0.069
Titanium , mg/cm2 ±0.2 0.000 —0.065
M-50 Steel , mg/cm2 ±0.2 —0.059 —0.063

Appearance of Metal Specimens:
Pi tting Report None None
Etching Report None Mg.
Corrosion Report None None
Staining Report None None

Oxida tion :
Viscosi ty 0 100°F , 5 Change — 5 to +25 +14.1 10.3
Viscosi ty ~i 210°F , 5 change Report 10.0 6.7
Total Acid N umber , change 4.0 Max. 2.50 2.83
Evaporation Loss , S Report 1.3 1.5
Sludge , Voluzne~ + Report 1.0 2.3

4 
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~pecification Results

ATL— 7069 ATL—7O7 1

CORROSION AND OXIDATION STABILITY L 96 HOURS ~ 392° F

Corrosion:
Steel, mg/cm3 Report -0.010 -0.079
Silver, mg/cm 2 Re port -0 .163 — 0 . 0 4 4
Aluminum , mg/cm2 Report -0.026 -0.015

Magnesium , mg/cm2 Report 0.000 -0.026

Bronze AMS4616, mg/cm2 Report -0.188 —0.093

-: Titanium , mg/cm2 Report -0.036 -0.010
M —5 0 Steel ,  mg/cm3 Report -0.004 -0 .040

Appearance of Metal Specimens :
Pitting Rep ort None None
Etching Repo rt None None
Corrosion Report None No ne

Staining Report Nc ne None

Oxidation :
Viscosity 9 100°F , 5 Change Report ~4 . 2  40.2
Viscosity 9 210°F , 5 Change Report 26.7 26.7
Total Acid Number , Change Report 9.83 16 .33
Evaporation LOSS, % Beport 6. 3 8 .5
Sludge , Volume , S Report 1.8 3 .3
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BEA R ING DEPOSITI O N TE ST SU M M A R Y
Teat  Numbe r 48- 272

Sample — Reclaimed ATL-7069
(Ri g No.j,~~~ )

DEPOSITS SLUDG E
End Cover 0. 0 Inlet  Scre en 0 095
Spacer & Nut 12. 0 Outl et Screen 0. 177
Heater Front 26 . 7 ‘l OTAL 0. 27Z
Heater Rear 52. 8

4 Seal Plate 6. 0
Bearing 40. 5

OIL CONSUMPTION , mI /h r  27 . 5
O V E R A L L RATING 23. 0

SUMP * METALS
Side. Clean Aluminum -0 .  040
Bottom Clean Titanium -0.  030

StI ver -0. 07 9
• * Not included in the overall Steel -0. 059

rating above . M — 50 Steel -0 .  099
Bronze Alloy -0 . 050
Wa apoly -0. 026

VISCOSITY T . A . N.
10 

Chai~ge~ ~l.96
I~~~~~ 

1~: L~ ~j  :

20 4 ’ --- -~ - -~~ 
.~~

10 ~~~~ 
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- - ~~~~ 2 . - 
~~~~~~~~~~

20 30 40 50 0 
~43-0T~~~ 
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BEARING DEPOSITION TEST SUMMARY
Test Number 48- 273

Recla imed ATL—7071
(Rig No. j~ )

DEPOSITS SLU DG E
End Cover 3. 0 - Inlet Screen 0. 088
Spacer & Nut 14 . 0 Outlet Screen 0. 12 9
Heate r Front 28 . 8  TOTAL 0. 2 1 7
Heater  Rear  48. 6
Seal Plate  6. 0
Bearing 45 . 5

OIL CONSUMPTION . m i / h r  fl~ 3
O V E R A L L  RATING 28 . 5

SUMP ~ METALS
Sides Clean to Li ght Varnish Aluminum +0 .  O(~5
bottom Clean to Li g ht Varnish Titanium - 0 .  040

Silver +0. 085
* Not included in the overall  Steel +0. 020

rat ing above. M 50 Steel +0 . 050
Bronze Alloy +0 . 044
Waspoly +0. 053

vI S( ;OS I TY T . A .N .
16 10 - -

To C~ ange: 14. 5 . Char ~ge : 4. 52 

~~~~~ :
‘

l 3~~~~L . 2  4
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The heat of vaporization (AH
~
) was required for use in estimatinr~the cost of distillation of used synthetic ester oils. The ex-

pected accuracy of the cost estimation was not sufficient to
warrant the time and cost of experimentally measurinr: AH . There-
fore , an estimate of was obtained by use of the fol1~ win~-
e~1uation where P1 is the vapor pressure at temperature T1 and P 2
the  vapor  p r e s s u r e  at t e m p e r a t u r e  T 2 .  The d e r i v a t i o n  of t h i s
equat

~~
on can be found  in r e f e r e n c e  2 0 .

/

~~~ 
Li- V ( T-D .-T 1
P2 2.303R \T2T 1

The vapor -  p r ess u r e  vs t e m pe r a t u r e  da ta  ob t  a t hed  fr o m  an A F A P L
s tu dy  of  v o l a t f li t y  c h ar a c t er i s t i c s  of ~ I L — L — 7 8 0 8~ oi l s  (ref. 21)
were r~lotted and extra polated to the r e q u ir e d  ho 1in ~ ran~~e to
o b t a i n  AU f or  six MIL—L—7808 o i l s .  These p l o t s  are shown in
Fthu i -e  C — I .  The hea t s  of vaporthat io n  c a l c u l a t e d  fo r  each n~~li - a nr e d  fr o m  25 to 50 ~m — c a l / :ni . These d a t a  are in t he  saae
range as those  r eported  in  the  l it e r a t u re  for  e t hy l  e st e r s  of
f a t t y  a c i d s  ( r e f .  :2) and o t h e r  1 ;wor m o l e c u l a r  wei~-h .  e st - ’r ’ .-
( r e f . 2 3 ) .  The a c t u a l  v a l u e  of AU used in c a l c u 1 a t i n~ ‘ h I -
cos t  of d i s t i l l a t i o n  was 50 ~- m — c a 1 ~~om. T h i s  su o o e s ts  ~ h a t~~~~.e
calculated distillation cost nearer a maxisum t h a n  a !‘Jnimum
i_ • Os t .
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