
----- -------- .

lAD 1
DETERMINATION OF SYNTHETIC

HYDROCARBONS IN HYBRID
MINERAL OIL LUBRICANTS

INTERIM REPORT
AFLRL NO. 86

.4 by

L. L Stavinoha
U. S. Army Fuels and Lubricants Research Laboratory

Southwest Research Institute
San Antonio , Texas

und.r contract to
• U. S. Army Mobility Equipment Research

A and Development Comman d
Energy and W ater Resources Laboratory

Fort Belvoir, Virginia

Approv.d for pebflc r.I.os., distribut ion unlimit.d

3 Contract No. DAAGS3-76 C-0003 
~~~~~~~~~~~~~~~~ /7 

January 1977



— 

t ~~

~~~~~~~~
The findln s In this report are not to be construed as an official Department of the Army 

&poltion unless so dsil natsd by other authodz.d documents. d
Trade names cited In this report do not constitute an official endorsement or ap~io~.i of 

1’,
the me of such commercial hardware or software.

DOC Aue~~~~~ Nodos

Qualified requesters may obtain copies of this report from Defense Documentation
Canter, Cameron Station, Alezandria, VIrilusia 22314.

D

Destroy this report when no Iouuprr needed. Do not return It to the or~ ssstor.

1~

I

‘ 4

I.



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.—.--~~~~

Unclassifie d
SECURITY CLASSIFICATION OF THIS PAGE (When D~zta En tered) 

_______________________________

~ I K EAt ) INSTRUCTIONS
F REPORT DOCUMENTATION PAGE BK FOK E cOMPLF:TIN(; FORM

1. REPORT NUMB~~h - 2. GOVT ACCESSION NO. 3. RECIPiENT ’S CATAL OG NUMBER

~~~~AFLR1~~~~~J I _________________
4. TITLE (and Subtit le) 5. TYPE OF REPORT & PERIOD COVERED

e ~~~\ — ‘
~~
‘ - —..-- .

~~~~
.

£ DETERM INATION OF~.SYNTHET1C MYDROCARBONS IN ) (/~~~ In terim ~ep~j  
-

~ 1!YBRII~~~INERAL ~~L LUBRICANT S . ~~~~~~~~~~~~~~~~~~~~~~~ 

6. PERFORMING OR .l~ EPO
,
~~~~JM BE R 

-
7. AUTHOR(s) 8 . CONTRACT OR GRANT NUMBER(s)

i L
~~~~arnohaJ ~~~~~

7
DAAG53.76~~~~~3J

9. PERFORMING ORGANIZATION NAME AND ADDRESSES 10. PROGRAM ELEMENT , PROJECT , TA SK

U.S. Army Fuels & Lubricants Research Laboratory AREA & WORK U N I T  NUMBE RS

Southwe st Research Institute , P.O. Box 28510 . 

ii ~1San Antonio , Texas 78284 —

11 . CONTROLLING OFFICE NAME AND ADDRESS 1 •~~RT RAT E ~~~~~~

U.S. Arm y Mobility Equipment Research & I J2n
Development Command , Energy & Water Resources 13 NUMBER OF PAGES

Laboratoiy, Ft. Belvoir , VA 22060 8
14. MONITORIN ( A ’~~~ :~~, ...,.v~~ & ADDRESS 15. SECURITY CLASS. (of th is report)

ii; a,Jfrrent front (‘on trouing ()ffier)

15a , DECLA SSIFICAI IOM/OOW NGRAD ING
SCHEDULE

16. DISTRIBUTION STATEMENT (of 7hisRepo~1)

Approved for public release; distribution unlimited.

17 . DISTRIBUTION STATEMENT (of the abni-act entered in Block 20, if different from Report) ,.~~~ 4,

c~
18 . SUPPLEMENTARY NOTES

“

19. KEY WORDS (Continue on ret erte aide If necessary and Identify by block number)

Synthetic Hydrocarbons Polyalpha Olefins
Lubricants Mineral Oil Lubricants
Gas Ch romatography

2~~~~~ SSTRACT (Continue on reverse side If necessary and Identify by block number)

An analytical gas chromatographic procedure has been developed to qualitativel y and quantitatively detect
polyalpha olefi ns such as oligomers of decene-l in hybrid mineral oil lubricants. The polyalph a olefin
synthetic hydrocarbons used in hybrid lubricants are narrow boiling compounds producing specific peaks
as compared to the broad range gaussian type dist ribuiion of mineral oils. Difficult base line definition and
undetectable components such as C 0 oligomers produce errors which are acceptable even if large r than
desired.

_____ DD FORM 1 3 SOITI0N OF 1 NOV 55 IS OSSOLETE
1 JAN 73 Unclassified

SECURITY CLASS IFICATION OF THIS PAGE (When L7.Ia En tered)

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

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



Unclassified
SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

Unclassified
S E C U R I T Y  C L A S S I F I C A T I O N  OF THIS PAGE (When Dat. Entered )

p ___________________________________________ -- 
. .Lk —. __ _.-~ ._ . ..S~_. ‘~~ 

—.



. . - -~. .
.
.... . -- -—-~~

_
~~~~~

-.
~~~~~~

-.,
~~ 

_ .~i~ — -

TABLE OF CONTENTS

Page

INTRODUCTION 3

EXPERIMENTAL 3

RESULTS AND DISCUSSIONS 4

CONCLUSIONS 6

APPENDIX—GAS CHROMATOGRAPHIC OPERATING PARAMETERS 9

VflI~~1 5ull ~~~~

~~0 

\

\ ~~~~~~~~~ \

_ _ _ _ _ _  -~~~~~~~~~~~
-

~~~~



~~~~~~~~ . ----
- —_

~~~~~~~~~
.. 

INTRODUCTION

The Army develops and maintains specifications for the procurement of all lubricants used in
Department of Defense ground-powered equipment and has the custodial responsibility for the
specifications which the Federal Government uses to purchase principal automotive lubricants used
in both combat and administrative fleets.

Advanced equipment needs have imposed stri ngent lubrication requiremen ts an d have caused
the A rmy to consider modern lubrican t formulation technology which includes pure and hybrid
blends of syn thetic and mineral oil base stocks. In Army lubrication research programs , the
properties and physical performan ce characteristics of man y synt hetic an d mi neral oil -based lubri-
cants have been eva1uated~’~ and efforts to provide chemical analysis approaches to better
characteri ze these lubricants have been intensified!21 To properly understand the nature of today ’s
complex lubricants , it has become necessary for the Army to develop and use more extensive
analytical me thods. This has provided a basis for the characterization of the many diffe rent lubri-
cants or combinations of lubricants used in fielded equipment. Additionally, these analytical
method s are potentially beneficial in providing qual ity assurance, detecting con tamina n ts, and data
for determi n ing composition to performance correlations.

Synthetic hydrocarbons of the polyalpha olefin type are one class of synthetic lubricant base
stock which has been identified in certain ester hybrid lubricants. In the work cited in reference 2
concerning development of analytical approaches to the characterization of synthetic lubrican t base
stocks, no procedures were established for base stock blends of poly alph a olefi ns and mineral oil .

The properties of both polyalpha olefins (specifically , oligomers of decene-l) and mineral oil
lubricant base stocks are similar since they are both hydrocarbons. However , the boiling point
distribution chromatograms of polyalpha olefins (PAO) are relatively simple compared to those of
mineral oils. The PM) oligomers are narrow
boiling compounds prod ucing speciflc peaks TABLE 1. BOiLING POINT DI STRIBUT ION

as compared to the broad range gaussian-type
distribution of mineral oil lubricants.~

21 
DoWng Poin t 

_________ 
Boiling Point .~( 

___________

Based on these properties, a program was Distribution , Mineral Oil PAO Sample A PAO Sample B
initiated to demonstrate the qualitative and wt % Off AL 6519.L (6 t *)

quantitative ability of gas chromatography to ISP 33 1 326 302
detect and measure PAO in PAO..mineral oil- s 404 4 14

based lubricants. JO 373 410 4 17
20 395 415 423
30 414 417 428

EXPERIMENTAL 40 432 420 474
50 45 1 423 484

Two PAO samples A and B were used to
prepare mixtures of PAO in a fully formu- 534 434 526
lated mineral oil based lubricant (AL-65 l9-L). 90 568 48 1 538
The boiling point distributions for the neat ~~~ 488 557

minera l oil lubrican t and the PAO samples are hat % off/ BP 96.2/606 993/532 99 .5/586

given in Table 1. The gas chromatographic Resl~~ 3.8% 1) 0
(GC) operating parame ters are detailed in the

Lists. J.A. Rusisli (USAFLRL), and T.C. Iowan and StE. LePara (USAMERADCOM), Evaluation of Synthetic Auto-
mo M Crauica Lu bricants for Military Applications,” AFLE L Interin Report No. 71 , AD A023613, Decembes 1975.
t2

~LL. Stavinohe. G.E. Fodor, F.M. Newman and SJ. Lasts, “Analytical Approach to the Characterisation of Military Lubricants,”
AFLRL In terim Repast No. 77. Al) A0273fl , Mardi 1976.
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TABLE 2. CARBON NUMBER DISTRIBUTION OF appe ndi x and were used for all GC analyses contained
PAO SAMPLES in this report. An nC 1 ~ -nC 1 internal standa rd was

used for quantitation.
Carbo n Nu mber Di%t r ibu tio n , WI ~4
( 3, (‘ , C, Other

RESULTS AND DISCUSSIONS
PAO Sample A 3 78 17 2 0
[~~9 Sampie B I 32 36 24 8

Both of the PAO samples A and B contain C2 0 ,
C30 , C40 ,  and C50 hydrocarbons boiling at 330, 421 ,

485 , and 527°C, respectively . Table 2 contains the carbon number distribution for the PAO
samples using peak areas related to the internal standard to determine concentrations.

The boiling point calibration standard was a mixture of C5 -C40 n-saturates. The stan-
dard ’s chromatogram is shown in Figure I .  The chromatograms for PAO samples A and B and
the mineral oil (AL-65l9-L) are also reproduced in Figure 1. The AL-65 l 9-L mineral oil
sample is a fully-formulated multipurpose (API SE/CD) high-base engine lubricant. The gas
chromatographic characteristics of AL-65 19-L in Figure I are representative of both military
and comme rcial mineral oil based lubricants in that the GC chromatograms are of a gaussian-
type havi ng very small , if any, distinguishing peak features. Additives in fully formulated
mineral oil lubricants have not been distinguishable as peaks.

Based on the n-saturate boiling point calibration , the boili ng point range for the PAO com-
ponents by carbon nu mber are indicated in Table 3. The middle boiling point given in Table 3 cor-
responds to the middle of the peak , and the range appro ximately covers the majority of the peak

base in Figure 1 using peak side
ex trapolation . I t should be noted

TAB LE 3. BOILING POINT RANGE FOR PAO that the PAO carbon numbers in
COMPONENTS BY CARBON NUMBE R Table 3 do not correspond to the

n-saturate carbon numbe rs withCarbon Number . .
C , ,  C ,, C , ,  c,,, respect to boiling poInts. This IS

further emphasized in Figu re I
Mdd le Boiling Point . °C 330 42 1 485 527 where the C20 ,  ~

‘3o . C40 , andRange . ‘C 319-338 405433 457.518 518-549 C50 PAO hydrocarbons corre-
TABLE 4. CHROMATOG RAPI-UC ANALYSIS RES ULTS FOR MIXTURES spond to nC1 ~~

. nC27 ,  nC34 ,  and
OF PAO AND MINERAL OIL nC4 ~~, respectively.

PAO Concentr ati on In - -A nalyt ical Variat ionLubrican t AL-6519-L wt ~ Maximum Deviation Average Known mixture s of PAOPAO Sample Analysis Avera ge
(‘ode ~~~~~ (No. of Runs ) from Known Lrro r , ~ samples A and B and the mineral

oil lubricant , AL-65l9-L , were
A 10.0 7.9(4) - 3.1 2 1 prepared and analyzed. TheA 21.8 19 1( 3)  3 3  - I ’
A 5 13  55.3 3) +1 0 . 7  + ~ analytical data for these mixtures
A 100 100.6(1) + 0.6 + 0.6 h a v e  been summar ized  in
B 10.3 6 .8(2 ) - - 4.2 Table 4. Generally, low values

were obtained bu t repeatabili ty
B 100 92 .0 ( l)  — 8.0 — so was considered reasonable. The
B 10.3 l0.3 (2 ) l 5  0 • errors encountered in analyzing

the mixtures is due , in part , to
the baseline characteristics of the

Labora *ory data system results except for asterisk ( )  va lues which were samples with respect to corn-
obta lned using a pianimeter. p u t i n g  c a p a b i l i t i e s ,  

The4



—.-— . — -.-— .— — - - . -

--— 

.-
~
-— - 

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

-

¶ 5  

~~~~~~~

TIRN1S

DAR k

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

t . j

~

TiRN AL
ST *hDAfl U

RETCN!10 4 TIME. MINUTES

FIGURE I . GAS CHROMATOGRAMS FOR PAO SAMPLES , A MINERAL OIL LUBRICANT ,
AND A BOILING POINT STANDARD
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Laboratory Data System ’s ability to accurately define the baseline of the PAO component peaks
will affect the calculation accuracy . Based on Table 4, the error was found to have a considerable
ra nge and was generally negative except at the 50-percent level for PAO sample A which gave a
positive error. Generally the higher boiling PAO sample B gave more negative errors in absolute
magnitude than did PAO sample A. The lower accuracy for mixtures of the PAO sample B was in
part due to loss of any C60 oligomers and other material which was reported as “8% other ” in
Table 2.

Typical chromatograms have been reproduced in Figures 2 and 3 to demonstrate the baseline
characteristics of these mixtures. The chromatograms in Figures 2 and 3 also provide a basis for
qualitative identification of PAO in mineral oils and illustrate sensitivity . The lower limit of
sensitivity is estimated at 2 wt % PAO in mineral oil when the PAO composition is similar to PAO
samples A and B which are considered to be representative of commonly used PAO base stocks. The
lower PAO concentrations are more readily calculated using a planimeter rather than a computer
due to difficulties in defining the PAO peak baselines.

CONCLUSIONS

Based on the data summarized in Table 4 and the typical chromatograms reproduce d in
Figures 2 and 3, it can be concluded:

I . That the analytical procedure demonstrated in this report can be used to qualitatively and
quan tita tively detect the presence of polyalpha olefins such as the oligomers of decene-l
in mineral oil based lubricants.

2. Quantitative errors are associated with base line definition and undetectable components
such as C60 oligomers which caused negative errors.

3. Some PAO peak base-line definition will depend on how closely diffe rent minera l oil base
stocks approach a smooth boiling point curve as opposed to the more well-defined peaks
of polyalpha olefins.

6 
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10% PAO SAMPLE A

~~~~~~ 9O% MINERAL OIL

E - ’ INTERNAL STANDARD

. 
C30

a 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

21.8% PAO SAMPLE A

78.2% MINERAL OIL 
- INTERNAL STANDARD

it C20

51.5% PA O SAMPLE A

II ~~~~J48.5% MINERAL OIL

- 
INTERNAL STANDARD

—C3~ 

~~~~~ 
______
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RET ENTION TIME , MINUTES

FIGURE 2. GAS CHROMATO GRAM FOR MIXTURES OF PAO
SAMPLE A AND A MINERAL OIL
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103 PAO SAMPLE B

~~~~~~89 7% MINERAL OIL

~~~~~~~INTEAN AL STANDARD 

.
~ :... 

50.5% PAO SAMPLE B

~~
:
~~349 5% MINERAL oIL C30 C40

~~~~~~~INTERNAL STANDARD C50

I I I •
0 2 4 6 8 10 12 14 16 18

RETENTION TIME . MINUTES

FIGURE 3. GAS CHROMATOGRAMS FOR MIXTURE S OF
PAO SAMPLE B AND A MINERAL OIL
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APPENDIX

GAS CHROMATOGRAPHIC OPERATING PARAMETERS

columns: 1.2 meter by 0.32 centimeter O.D. l0~ Dexsi l 300 on 45/60 mesh ( hromo-
sorb P, A.W.

Column Oven: 200°C for 2 min t  200°C to 450°C (a I 5°C/ mm , hold for 5 minutes

Detector: 450°C Dual HFID

Inlet: Water-cooled septum , air-cooled movable port with inlet injector heater hl~~.L at
3 25°C.

Syringe : Inject 2.0 ~2l with 3-inch (7.6 centimeter) needle fully inserted.

Laboratory
Data System: HP 3352 normalization method with timed events for defining baseline

Sample Weigh out 5-gram oil sample into 10-mI volumetric flask. Add 0.56 g of internal
Preparation: standard composite into flask and dilute to 1 0-mi volume with carbon disu l fid e to

lower the viscosity. Shake flask to mix components and let stand prior to analysis.
Internal standard composite is prepared by weighing out equal amounts of n-C s ~.
n-C 1 ~

, 
and n-C 1 into a stoppered vial.

L
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