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Background/Summary  

PART NAME: Torsion Shaft 
PART NUMBER: 3108200-1 (Engine) 
PART S/N: Unknown 
  
EQUIP/ENGINE: TPE331-10AV 
ENGINE S/Ns: P106025C/P106026C 
OPERATING TIME: Not Reported 
OPERATING CYCLES: Not Reported 
  
MATERIAL: AM355 
MATERIAL SPEC: AMS5743 
  
SUPPLIER: Not Reported 
SUPPLIER P/N: Not Reported 
  
REQUESTOR:  
INVESTIGATOR:  
REVIEWER:  
  
CHARGE #:  
LIMS REQUEST:  
RECEIVED DATE: 11/18/2013 
  
COMPLETION DATE: 04/03/2014 

BACKGROUND 
Two (2) TPE331-10AV engines were torn down at Product Integrity 
(PI) in support of a NTSB accident investigation.  The engines had 
been removed from the left and right sides of the same aircraft.  The 
left engine was identified as ESN P106025C.  The right engine was 
identified as ESN P106026C.   
 
PROBLEM STATEMENT 
- Perform non-destructive evaluations of the fractured torsion shafts 

and starter gearshafts to determine the modes of separation and 
orientation of the fracture features. 

- Analyze the submitted debris samples from the planet gears. 
- Filter the oil samples from ESN P106025C and analyze any collected 

debris.   
- Analyze the oil samples for oil type and determine if any 

contaminants are present. 
 
SUMMARY/CONCLUSIONS 
- The separations of the torsion shafts from the left and right 

engines were the result of torsional overload.  Overload dimples 
were observed on both fracture surfaces that were elongated in the 
clockwise direction (forward looking aft), which indicated that the 
aft sections separated as a result of torsional loading in the 
counter clockwise direction.  

- The separations of the starter gearshafts from the left and right 
engines resulted from torsional overload.  Overload dimples were 
observed on both fracture surfaces.  The dimples on the left and 
right starter gearshaft fracture surfaces were elongated in the 
counterclockwise and clockwise directions, respectively, which 
indicated that torsional loading on the two starter gearshafts had 
occurred in opposite directions.   

See Findings. 
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Findings 
The aft ends of the torsion shafts from TPE331-10AV 
Engine S/Ns P106025C (left engine) and P106026C 
(right engine) were found separated during an engine 
teardown.  The starter gearshafts from both engines 
were also found to be separated.  The separated ends 
of the torsion shafts and gearshafts were submitted to 
the Phoenix Materials Lab for non-destructive 
examination along with debris samples collected from 
the planet gears from each engine, and an oil sample 
from ESN P106025C. 
 
TORSION SHAFT SEPARATIONS 
The torsion shafts from ESNs P106025C and P106026C 
had separated 1.20” and 1.25” from the aft ends, 
respectively (Figure 1).  The fracture surfaces of the 
separations were oriented normal to the shaft axes and 
were flat in appearance. 
 
The fracture surfaces of the torsion shafts were 
examined in the scanning electron microscope (SEM), 
as shown in Figures 2 and 3.  Examination revealed 
distinct overload dimples on both fracture surfaces.  
The overload dimples were elongated in the clockwise 
direction (forward looking aft), which indicated that 
the aft sections of the torsion shafts from both 
engines had separated as a result of torsional loading 
in the counter clockwise direction.  Secondary 
smearing damage obscured areas on both fracture 
surfaces. 
 
No material defects were observed on the fracture 
surfaces. 
 
Non-uniform contact/wear patterns were observed on 
the aft spline teeth on both shafts (Figure 4).  The 

contact/wear patterns were fairly light in appearance 
and were noted on both sides of the teeth. 
 
No additional work was performed on the torsion 
shafts from ESNs P106025C and P106026C per 
customer request. 
 
STARTER GEARSHAFT SEPARATIONS 
The starter gearshafts from ESNs P106025C and 
P106026C had separated 0.70” and 0.67” from the ends 
of the teeth within the reduced diameter sections of the 
shafts, respectively (Figure 5).  The fracture surfaces 
were oriented normal to the shaft axes and were flat in 
appearance. 
 
Digital microscope examinations of the gearshafts 
revealed evidence of deformation in the reduced 
sections in the areas adjacent to the fracture surfaces 
(Figures 6-7).  The deformation was noted around the 
circumferences of both shafts and was indicative of 
torsional loading.   
 
The orientation of the deformation on the gearshafts 
from ESNs P106025C and P106026C indicated that the 
separated ends of the shaft were rotating in the 
clockwise and counterclockwise directions, respectively, 
as viewed from the fracture surfaces.  Secondary 
smearing damage obscured areas on both fracture 
surfaces.  
 
The reduced diameter sections of the starter gearshafts 
exhibited shot peened appearances. 
 
SEM examination of the starter gearshaft separations 
revealed distinct dimples on both fracture surfaces 
(Figures 8 and 9).  The dimples were elongated and 
indicative of torsional overload.   
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The overload dimples on the fracture surfaces on the 
gearshafts from ESNs P106025C (Figure 8) and 
P106026C (Figure 9) were elongated in the 
counterclockwise and clockwise directions, 
respectively, as viewed from the fracture surfaces.  
Elongation of the overload dimples indicated that 
torsional loading on the two starter gearshafts had 
occurred in opposite directions. 
 
No material defects were observed on the fracture 
surfaces. 
 
Wear was noted on the loaded sides of the gear teeth 
on both gearshafts (Figure 10).  The wear patterns 
on the teeth of the gearshaft from ESN P106025C 
were generally uniform from tooth to tooth and 
spanned the lengths of the teeth.  The wear patterns 
on the teeth of the gearshaft from ESN P106026C also 
spanned the lengths of the teeth; however, the wear 
patterns varied slightly from tooth to tooth. 
 
No additional work was performed on the starter 
gearshafts per customer request.   
 
OIL ANALYSIS 
Approximately 1 gallon of oil was collected from ESN 
P106025C for analysis (Figure 11A).  The oil sample 
exhibited a reddish hue at the time of submission.  The 
oil was filtered using 8 µm Millipore filters.  A total of 
482 grams of material was removed from the oil (Figure 
11B).   
 
The filtered debris was submitted to the SEM for 
characterization using backscattered electron (BSE) and 
energy dispersive x-ray (EDX) techniques.  Results of 
the analysis are presented in the “Chemistry” section of 
this report. 

Viscosity and flash point information was measured on a 
filtered sample of the used oil.  Viscosity was measured 
to be 24.56 cSt at 104°F (40°C), which exceeded the 
specified minimum requirement for a MIL-PRF-23699F 
type oil (23 cSt).  Flash point was measured to occur at 
509°F, which also exceeded the specified minimum 
requirement for MIL-PRF-23699F type oil (475°F).   
 
A sample of the filtered oil was sent to Analyze Inc. to 
verify oil type, and whether or not any contaminants 
were present.  The sample was analyzed using gas 
chromatography-mass spectroscopy (GC-MS).   
 
The chromatogram generated from the analysis of the 
used oil sample was compared to chromatograms 
obtained from virgin samples of Mobile Jet Oil II and 
BP-2380 (Figure 12).  Comparison of the 
chromatograms showed good correlation between the 
used oil and BP-2380 (Type II) engine oil (Figure 12B). 
 
No distinct evidence of a contaminant was detected in 
the oil sample by GC-MS. 
 
The full report provided by Analyze Inc. is attached in 
Appendix A. 
 
CHEMISTRY 
Analysis of the filtered debris samples from the oil 
collected from ESN106025C detected various metallic 
and non-metallic particles.  The larger metallic particles 
were typically rich in iron and associated with lesser 
concentrations of chromium and traces of other various 
elements.  Aluminum, titanium, nickel, and copper rich 
particles were also detected amongst the debris.  The 
results of the analyses were summarized and tabulated 
in Table 1.  BSE images and EDX spectra of some of 
the particles are shown in Figures 13-17. 
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Debris collected from the planet gears on ESN 106025C 
and 106026C (Figure 18) were characterized using BSE 
and EDX techniques.  Analysis revealed no distinct 
similarities in the debris constituents between the two 
engines.  The results of the analyses were summarized 
and tabulated in Table 2 by ESN.  BSE images and EDX 
spectra of the debris are shown in Figures 19-24. 
 
No additional work was performed on the submitted 
hardware per customer request. 
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Table 1.  Filtered Debris Samples from ESN P106025C
Elemental Constituents
1. Ag-rich1. Ag rich
2. Al-rich with lesser Cr, C, Cu, and Fe.  Traces of Si, Pb, S, Sn, O, and Cd
3. Al-rich with traces of Mg and Ag or Si
4. Ba-rich with Ti, Ca, Cl, and traces of other elements
5. Ca-rich with lesser P
6. Ca-rich with traces of Fe, Cu, Si, and Al6. Ca rich with traces of Fe, Cu, Si, and Al
7. Cd-rich with Ba and traces of others
8. Cl-rich with lesser Na (salt)
9. C-rich with traces of Ca, Si, Al, Mg, and O
10. Cu-rich
11. Cu-rich with lesser Fe11. Cu rich with lesser Fe
12. Cu-rich with traces of Ag, Si, Al, C and O
13. Fe/Si/Al/C/S-rich with lesser Cr, Cu, Ni, Cl, Pb, Si, Al, Cd, Zn, Mg, O and C
14. Fe-rich with lesser Cr and traces of Mn, Ni, Si, and Al
15. Fe-rich with lesser Cr, Ni, Cu, P, S, Pb, Si, Al, Cd, Zn, Mg, O and C
16  Fe-rich with lesser Cr  P and Pb   Traces of other various elements16. Fe rich with lesser Cr, P and Pb.  Traces of other various elements
17. Fe-Rich with lesser Cr, Sn, Zn, Si, and Pb
18. Fe-rich with lesser Cr.  Ni and Cu
19. Fe-rich with lesser S and O
20. Fe-rich with lesser Ti and traces of V, Cr, Mn, Si, Al, Mg, and NA
21  Fe-rich with traces of other elements21. Fe rich with traces of other elements
22. Ni-rich with lesser Cr and Fe.  Traces of Ti, Mo, Al, and Si
23. Ni-rich with traces of Ca, Cl, Al, O, and C.
24. Pb-rich
25. Sb-rich
26  Si/Al-rich with lesser K and O with traces of Na  Mg  Pb  Fe  and Cl26. Si/Al rich with lesser K and O with traces of Na, Mg, Pb, Fe, and Cl
27. Si/Al-rich with lesser K and traces of Fe, Mg, Ca, and Ti
28. Si-rich with lesser Mg
29. Si-rich with lesser Ti and Ca with traces of Fe, Cr, Mg, Al, Na, F, O, and C
30. Si-rich with S, Ba, Al and other various elements
31  Si-rich with traces of Al  and Mg

Use or disclosure of information contained on this page is subject to the restrictions on the cover page.

31. Si-rich with traces of Al, and Mg
32. S-rich with Si, Ba, Mg and traces of others
33. Ti-rich with V, Si, Al, Cr, Fe, Mg, C, and O
34. Zr-rich with lesser Si
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Table 2. Planet Gear Debris

Engine Elemental Constituents

Left

1. Al-rich with traces of Mg and Si
2. Fe-rich with lesser Cr and traces of Ni, Ti, Si, and Al

Left
(ESN P106025C) 3. Fe-rich with lesser Si and traces of Zn, Al, Ti, Su, Cl, O, and Ca

4. Si/Al-rich with lesser K and traces of Fe, Mg, Na, and Ti
5. Ti-rich with V, Si, and Al
1  A i h

Right

1. Ag-rich
2. C-rich with lesser Cl, Si, P, Na, Al, Mg, F, Cd, K, Fe, Ti, Cr, Cu
3. F/C/Si-rich with traces of O, Cl, Cd, and S
4  F/C-richRight

(ESN P106026C)
4. F/C rich
5. F/C-rich with traces of Cd, Cl, S, and Si
6. F/C-rich with traces of Cl, Ti, Fe, Cu, K, Si, Al, P, and Mg
7. Si-rich with lesser Al, Ca, Fe, K and traces of Mg, Ti, Cl, O and C
8. Si-rich with traces of Al, O, and C
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Left Torsion Shaft
(ESN P106025C) 

Right Torsion Shaft
(ESN P106026C) 

A B

Figure 2
Figure 3

Forward
Forward

Aft End Aft End

Figure 1.
Overall photos showing the separations of the (A) left (ESN P106025C) and (B) right (ESN P106026C) torsion shafts.  
The fracture surfaces of the torsion shaft separations are shown again in Figures 2 and 3, as indicated.
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Figure 2.
(A) Forward looking aft (FLA) view 
of the fracture surface on the 
torsion shaft from ESN P106025C 
(l ft i )   i di t d i  

(B)
(C)

AB

(left engine), as indicated in 
Figure 1A.  (B-D) SEM images 
showing elongation of the 
overload dimples in the clockwise 
direction on the fracture surface.  
Th  ll   i di t  th  

Forward 
Looking 

Aft

The yellow arrows indicate the 
apparent direction of rotation of 
the aft section of the shaft at the 
time of separation.(E)

(D)

EDC

Use or disclosure of information contained on this page is subject to the restrictions on the cover page.Attachment 26



HONEYWELL-CONFIDENTIAL Page 9 of 30 

(B)AB Figure 3.
(A) Forward looking aft (FLA) view 
of the fracture surface on the 
torsion shaft from ESN P106026C 

(C)

(E)
Forward 
Looking 

Aft

torsion shaft from ESN P106026C 
(right engine), as indicated in 
Figure 1B.  (B-D) SEM images 
showing elongation of the overload 
dimples in the clockwise direction 
on the fracture surface   The yellow 

(D)

on the fracture surface.  The yellow 
arrows indicate the apparent 
direction of rotation of the aft 
section of the shaft at the time of 
separation. 

EDC
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A
A

ft

Forw
ard Figure 4.

Side views of the aft sections of the torsion 
h ft  f  (A) ESN P106025C (l ft i )  shafts from (A) ESN P106025C (left engine), 

and (B) ESN P106026C (right engine) showing 
the light wear/contact patterns (red arrows) on 
the spline teeth.

B

A
ft

Forw
ard

A
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f f Ri ht St t  G h ftLeft Starter Gearshaft
(ESN P106025C) 

Right Starter Gearshaft
(ESN P106026C) 

Figure 8 Figure 9g

Figure 5.
Overall photos showing the separations of the starter gearshafts from (A) ESN P106025C (left engine), 
and (B) ESN P106026C (right engine).  Digital microscope images showing side views of the reduced 
diameter sections adjacent to the fracture surfaces are shown in Figures 6 and 7.  SEM images of the 
fracture surfaces are shown in Figures 8 and 9.
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F act e S face
Fracture SurfaceA B

Fracture Surface

Fracture Surface F t  S f

C D

Fracture Surface Fracture Surface

Figure 6.
(A-D) Digital microscope images showing the deformation noted in the reduced diameter 
section adjacent to the fracture surface on the starter gearshaft from ESN 106025C  as 

Use or disclosure of information contained on this page is subject to the restrictions on the cover page.

section adjacent to the fracture surface on the starter gearshaft from ESN 106025C, as 
indicated in Figure 5.  The shafts were deformed in the direction indicated by the red 
arrows which indicated that the separated section of the shaft was rotating in the 
clockwise direction (yellow arrows), as viewed from the fracture surface.
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Fracture Surface Fracture SurfaceA B

Fracture Surface Fracture SurfaceC D

Figure 7.
(A-D) Digital microscope images showing the deformation noted in the reduced diameter 

Use or disclosure of information contained on this page is subject to the restrictions on the cover page.

section adjacent to the fracture surface on the starter gearshaft from ESN 106026C, as 
indicated in Figure 5.  The shafts were deformed in the direction indicated by the red arrows 
which indicated that the separated section of the shaft was rotating in the counterclockwise 
direction (yellow arrows), as viewed from the fracture surface.

Attachment 26



HONEYWELL-CONFIDENTIAL Page 14 of 30 

(B) B CA

(C)

(D)
(E)(E)

E D
Figure 8.
(A-E) SEM photos showing the ductile 
overload features observed on the 
f t  f  f th  t t  h ft fracture surface of the starter gearshaft 
from ESN P106025C, as indicated in 
Figure 5.  The overload dimples (B-D) 
were elongated in the counterclockwise 
direction (as viewed from the fracture 

f )   Th  ll   i di t  th  surface).  The yellow arrows indicate the 
apparent direction of rotation at the 
time of separation.
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B CA (B)

(C)

(D)
(E)

E DFigure 9.
(A-E) SEM photos showing the ductile 
overload features observed on the 
fracture surface of the starter gearshaft fracture surface of the starter gearshaft 
from ESN P106026C, as indicated in 
Figure 5.  The overload dimples (B-D) 
were elongated in the clockwise 
direction (as viewed from the fracture 
surface)   The yellow arrows indicate surface).  The yellow arrows indicate 
the apparent direction of rotation at the 
time of separation. 
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A Left Starter Gearshaft
(ESN P106025C) 

Right Starter Gearshaft
(ESN P106026C) ( ) ( )

Figure 10.
(A and B) Side views of showing the wear 
patterns (red arrows) noted on the loaded patterns (red arrows) noted on the loaded 
sides of the gear teeth on the starter 
gearshafts from ESNs P106025C and 
P106026C.

Left Starter Gearshaft Right Starter GearshaftB Left Starter Gearshaft
(ESN P106025C) 

Right Starter Gearshaft
(ESN P106026C) 
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A

Figure 11.
(A) Overall photo showing the oil sample collected from ESN P106025C.  
(B) Close-up photo showing the debris collected from the filtered oil 
sample. 

(B)

B
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A

Mobile Jet Oil II (red)
Figure 12.
GC-MS total ion chromatograms (TIC) comparing Mobile Jet Oil II (red)

vs. Used Oil Sample (green) the use oil sample from ESN P106025C (green in 
(A) and (B)) to virgin samples of Mobile Jet Oil II 
and BP-2380 engine oil (red in (A) and (B), 
respectively).  Note that the TIC for the use oil 
sample showed good correlation to the TIC for the 

B

virgin BP-2380 sample.

BP-2380 (red) vs. 
Used Oil Sample (green)
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(B)
(F)

(G)A

(D)

(F)

Figure 13.
(C)

(E)

B C

(A) Backscattered electron (BSE) SEM image showing some of the filtered debris from the 
oil sample gathered from ESN P106025C.  (B-G) EDX spectra for the debris identified in 
(A).

B C

D E

F G
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A C

(C)

(D)
D

B

(E)

(F)
E

Figure 14
F

Figure 14.
(A-B) BSE SEM images showing 
some of the filtered debris from 
the oil sample gathered from ESN 
P106025C.  (C-F) EDX spectra for 
the debris identified in (A) and 
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the debris identified in (A) and 
(B).
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A C

(C)

B D

(D)

(E)

B D

EFigure 15.
(A and B) BSE SEM images 
showing some of the filtered 
debris from the oil sample 
gathered from ESN P106025C.  
(C-E) EDX spectra for the 
debris identified in (A) and 
(B).
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A C

(C)

(D) D

BB

E(E) E
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Figure 16.
(A and B) BSE SEM images showing some of the filtered debris from the oil sample gathered from ESN P106025C.  
(C-E) EDX spectra for the debris identified in (A) and (B).
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A

(B)

Figure 17.
(A) BSE SEM image showing some of the filtered debris from 

(C)

(A) BSE SEM image showing some of the filtered debris from 
the oil sample gathered from ESN P106025C.  (B and C) EDX 
spectra for the debris identified in (A).

B

CC
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A B

Figure 18.
O ll h t  h i  th  i d diti  f th  l t  d b i  ll t d f  ESN  (A) P106025C d 

Use or disclosure of information contained on this page is subject to the restrictions on the cover page.

Overall photos showing the as-received condition of the planet gear debris collected from ESNs (A) P106025C and 
(B) P106025C.  The debris was transferred from the swabs/bags to carbon tabs for characterization in the SEM.
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AA B

(B)

(B) (C)

C

Figure 19.
(A) BSE SEM photo showing some of the debris 
collected from the planet gears on ESN 
P106025C.  (B and C) EDX spectra of the debris 
i di t d i  (A)indicated in (A).
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A B

(C)

(B)

CC
Figure 20.
(A) BSE SEM photo showing some of the 
debris collected from the planet gears on 
ESN P106025C.  (B and C) EDX spectra of 
the debris indicated in (A)the debris indicated in (A).
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A

Figure 21.
(A) BSE SEM photo showing some of the debris collected from the 

B

(A) BSE SEM photo showing some of the debris collected from the 
planet gears on ESN P106025C (red arrows).  (B) Representative EDX 
spectrum for the debris indicated in (A).
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(E)A B

(C)(D)
C

(B)

DFigure 22.
(A) BSE SEM photo showing some of the debris 
collected from the planet gears on ESN P106026C.  
(B E) EDX t  f th  d b i  i di t d i  (A)(B-E) EDX spectra of the debris indicated in (A).

E
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A BA B

(B)
(C)

(D)(D)
C

Fig e 23Figure 23.
(A) BSE SEM photo showing some of the 
debris collected from the planet gears 
on ESN P106026C.  (B-D) EDX spectra 
of the debris indicated in (A).

D
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A C

(C)

B D

(D)

Figure 24.
(A and B) BSE SEM photo showing some of the debris collected from the planet gears on ESN P106026C.  
(C and D) EDX spectra of the debris indicated in (A) and (B).
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MATERIALS  CHARACTERIZATION  REPORT 
 
 
 
Report No.:      Date:      December 20, 2013 
 
 
Customer:   
   Honeywell 
   M/S 302-101 
   PO Box 52181 
   Phoenix, AZ  85072 
 
 
Customer P.O.:  
 
 
Sample: Used Engine Oil CMR 664701 
 
 
Objective: Compare the Used Engine Oil to MJII and BP2380 Reference Samples 

Using Gas Chromatography-Mass Spectroscopy (GC-MS) 
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Report No.  A-2 20-Dec-13 

SUMMARY 

1. The Used Engine Oil was diluted with methylene chloride at various concentrations and
analyzed by GC-MS.  The Used Engine Oil appeared to be completely soluble with no
undissolved material remaining in the vials.

2. All of the volatile/semi-volatile compounds present in the BP 2380 turbine oil reference
chromatogram were contained in the Used Engine Oil.  The retention times, relative peak
heights and mass spectra of the volatile compounds detected in the reference BP2380
chromatogram provide excellent matches with the majority of volatile and semi-volatile
components detected in Used Engine Oil.  The mass spectra of many components are
consistent with synthetic esters based on C5 to C10 aliphatic carboxylic acids.  Two
aromatic amines (anti-oxidants) and tricresyl phosphate isomer admixture (boundary
lubricant) were identified.

Low levels of C5-C10 carboxylic acids, 1H-benzotriazole, toluene, decane, undecane and
methylphenol were also detected in the Used Engine Oil sample.

The presence of low levels of free carboxylic acids and methylphenol in Used Engine Oil
but not in the reference BP2380 oil suggests that some hydrolysis of the ester fluid and
the tricresyl phosphate boundary lubricant has occurred in the Used Engine Oil sample.

3. It was noted that methylene chloride blank runs after the 10X dilution of the Used Engine
Oil sample contained a considerable amount of carryover of unknown high molecular
weight components.  It is possible high molecular weight contaminant(s) high boiling
contaminants are present in the Used Engine Oil sample which cannot be properly
analyzed by GC-MS using these conditions.  If non-volatile components are present,
liquid chromatography will need to be employed to determine the presence of these
unknown component(s).
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Report No.  A-3 20-Dec-13 

INTRODUCTION 

One sample, identified as Used Engine Oil CMR was received from  on 
December 17th. 

The objective of the analysis is to compare the Used Engine Oil to MJII and BP2380 reference 
samples using Gas Chromatography-Mass Spectroscopy (GC-MS). 

ANALYSIS 

Gas Chromatography-Mass Spectrometry (GC-MS).  GC-MS is a valuable analytical 
technique for the separation and identification of volatile organic compounds.  The compounds 
are separated on the GC column and identified by matching their mass spectra to those of 
reference mass spectra contained in the 390,000 spectra Wiley digital library (7th Edition). 

Instrumentation.  The analysis was performed using a Varian CP-3800 Gas Chromatograph 
(GC) equipped with a Varian 1200L Quadrupole Mass Selective Detector and a CTC Analytics 
CombiPAL autosampling system.  A Varian Factor Four 5-MS capillary GC column (30 m x 
0.25 mm with 0.25 µm film thickness) and deactivated glass wool split inlet liner were used for 
the chromatography under the following conditions: 

Injector Temperature: 275 °C Split Ratio:          20:1 
Transfer Line Temperature: 280 °C Injection Volume:    1 ul 
He Flow Rate:  1.0 ml/min  
Column Oven: 40 °C hold 4 min 

ramp from 40 °C to  300 °C @ 15 °C/ min 
300 °C hold 10 min 

MSD: m/z 29 – 500 

Sample Preparation.  Methylene chloride was chosen as solvent for the Used Engine Oil. 
Sample dilutions of ca. 10X, 100X, 1000X and 10,000X were analyzed.  The Used Engine Oil 
sample was vortexed for 30 seconds prior to analysis.  None of the samples were filtered prior to 
analysis. 

Analyses.  The instrument was tuned prior to analysis.  A blank solvent injection was made 
before each sample analysis to verify cleanliness of the system.  All samples were run in 
duplicate at various dilutions.  All tune files, chromatograms and spectral matches are collected 
in the Appendix. 

The total ion chromatograms (TIC) of the Used Engine Oil with the MJII and BP2380 Reference 
Samples are shown in Figures 1-2.  
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Figure 1 – TIC of MJ II and Used Engine Oil 

While a few of the major peaks are present in both the Used Engine Oil (green) and MJII (red), 
the majority of the peaks in the TIC of the MJII are different or not present in the Used Engine 
Oil suggesting MJII is not detectable in the Used Engine Oil. 
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Figure 2 – TIC of BP2380 and Used Engine Oil 

With the exception of a few minor components, the BP2380 TIC shows excellent correlation 
with the Used Engine Oil and comprises the majority of volatile and semi-volatile compounds 
detected in the sample. 

Table I list the retention times and component identities (where possible) of each of the samples 
analyzed. 
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Table I – Reference and Used Engine Oil Component Identities 

Retention  
Time (min)

Component Identity
Used Engine Oil 
CMR 664701

BP2380 MJII

1.15  m/z 32, 45, 73, 74, 103, 193, 267, 355 x
4.70  Toluene x
6.89  Pentanoic acid x
8.63  Decane x
9.53  Heptanoic acid x
9.62  Methylphenol x
9.85  Undecane x
10.59  Octanoic acid x
10.94  m/z 29, 41, 4357, 71, 85, 99 x
11.91  m/z 29, 41, 57, 71, 85, 99 x
12.47  Decanoic acid x
12.83  m/z 29, 43, 57, 71, 85, 99 x
13.55  1H‐Benzotriazole x
17.81  m/z 41, 57, 85, 113, 156, 172, 231 x
18.57  N‐Phenylnaphthalenamine (or similar anti‐oxidant, chelator) x x x
19.23  m/z 41, 92, 194, 210, 281 x
19.75  m/z 43, 85, 113, 131, 198 x
20.26  m/z 29, 43, 69, 85, 98, 113, 127, 145, 198, 229 x
20.50  m/z 41, 57, 85, 156 x
20.75  m/z 41, 57, 85, 156 x
20.79  m/z 29, 43, 57, 99, 127, 155, 212, 271, 329, 436 x
21.01  m/z 41, 57, 85, 156 x
21.13  m/z 32, 65, 91, 165, 179, 208, 243, 271, 341, 368, 431 x x
21.31  Tris(3‐methylphenyl) phosphate (o, m, p isomers) x x x
21.36  m/z 41, 57, 85, 113, 156 x
21.48  Tris(3‐methylphenyl) phosphate (o, m, p isomers) x x x
21.63  m/z 43, 57, 85, 113, 156 x
21.63  m/z 29, 43, 57, 85, 99, 113, 368 x x
21.77  m/z 29, 43, 98, 127, 155, 173, 212, 243, 271 x
21.91  m/z 43, 57, 85, 113, 156 x
22.14  m/z 29, 57, 85, 127, 156 x
22.16  m/z 43, 57, 85, 113, 341 x x
22.21  m/z 43, 57, 85, 113, 156 x
22.46  m/z 41, 57, 85, 127, 156 x
22.67  m/z 43, 57, 85, 113, 156 x
22.74  m/z 29, 43, 57, 68, 85, 113, 127, 198, 229, 355 x x
22.79  m/z 29, 43, 57, 85, 127, 156 x
22.99  4‐Octyl‐N‐(4‐octylphenyl)benzeneamine (anti‐oxidant, chelator) x x x
23.02  m/z 29, 43, 57, 85, 113, 156, 184 x
23.29  m/z 43, 57, 85, 113, 156 x
23.40  m/z 43, 57, 85, 113, 156, 184 x
23.42  m/z 29, 43, 57, 113, 127, 212, 243, 355 x x
23.71  m/z 43, 57, 85, 113, 156 x
23.81  m/z 41, 57, 85, 155 x
24.15  m/z 29, 43, 57, 85, 113, 127, 156 x
24.23  m/z 29, 43, 57, 85, 113, 127, 155, 200, 229, 271, 341 x x
24.44  m/z 29, 43, 57, 85, 113, 156, 184, 315 x
24.95  m/z 29, 43, 57, 85, 113, 156, 184, 315 x
25.16  m/z 29, 43, 57, 71, 85, 98, 113, 127, 155, 200, 229, 271, 355, 383 x x
25.38  m/z 43, 57, 85, 113, 127, 156, 184, 315 x
25.54  m/z 29, 43, 57, 85, 113, 155 x
25.99  m/z 29, 43, 57, 85, 113, 127, 16, 184, 315 x
26.15  m/z 29, 43, 57, 85, 113, 155 x
26.22  m/z 29, 43, 57, 98, 127, 155, 200, 243, 369, 397 x x
27.08  m/z 32, 43, 85, 113, 184, 343 x
27.19  m/z 43, 57, 85, 113, 127, 184 x
27.55  m/z 29, 43, 57, 85, 99, 113, 155, 200, 229, 271, 383 x x
27.86  m/z 43, 57, 85, 113, 155, 184, 315 x
28.50  m/z 43, 57, 85, 113, 343 x
28.67  Biphenyl‐4,4'‐dicarboxylic acid, bis‐(4‐pentyl‐phenyl ester) x
28.74  m/z 57, 85, 113, 155, 184, 315 x
29.09  m/z 29, 43, 57, 71, 81, 99, 127, 155, 200, 243, 271, 397 x x
30.45  m/z 43, 57, 85, 113, 155 x

*Pink denotes common components with Used Engine Oil
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The compounds contained in the BP2380 constitute the vast majority of the volatile and semi-
volatile material detected in the Used Engine Oil.  The main ions of most mass spectra acquired 
of eluting compounds for both the BP2380 and the Used Engine Oil are 43, 57, 113, 127 and 155 
m/z.  The relative ion abundances and molecular ions vary depending upon the retention times of 
the eluting compounds.  These mass spectra are consistent synthetic esters based on C5 to C10 
aliphatic carboxylic acids. 

Two aromatic amines (anti-oxidants) and tricresyl phosphate isomer admixture (boundary 
lubricant) were identified. 

Low levels of C5-C10 carboxylic acids, 1H-benzotriazole, toluene, decane, undecane and 
methylphenol were also detected in the Used Engine Oil sample.  The presence of low levels of 
free carboxylic acids and methylphenol in Used Engine Oil but not in the reference BP2380 oil 
suggests that some hydrolysis of the ester fluid and the tricresylphosphate has occurred. 

As questions arise during your review of this report, please do not hesitate to call us. 
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Tune Report FC-43 EI (Tuned on 18 Dec 2013) (Reported on 18 Dec 2013 09-45).log 

Hardware diagnostics report for varian Quadrupole Mass Spec 

Time: 9:45:26 

No errors detected. Proceeding with autotune. 

Tune report for varian Quadrupole Mass spec 

Time: 9:57:04 Tune file: FC-43 EI (Tuned on 18 Dec 2013) 

Ionization mode:EI scan Optimization: Standard GC 

Exact Measured Peak Relative Peak valley 
mass mass height height width 

(amu) (amu) (mV) (%) (amu @ 50%) (% of iso) 
18.0 18 .0 4.210 16.272 0.67 100 
28.0 28 .0 2.140 8.272 0.70 100 
69.0 69.0 25.871 100.000 0.69 100 

219.0 219.0 13.089 50.592 0.73 80 
502.0 502.0 0.552 2.134 0.77 36 

(Detector; 1781.765 V) 

Tuning of quad 1 in positive mode completed. 

(EDR) 

Resolution 

(m/delta-m) 
27 
40 

100 
301 
649 

************************************************************************************ 
*********** 

Page 1 
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Pict: FC-43 El (Tuned on 18 Dec 2013) (quad 1; pos).pic 

FC-43 El (Tuned on 18 Dec 2013) (quad 1; pos) at 9:56:06 

m/z 18.0 m/z 28.0 m/z 69.0 m/z 219.0 m/z 502.0 

4.2 mV 2.1 mV 25.9mV 13.1 mV 0.6 mV 

16.3% 8.3% 100.0% 50.6% 2.1% 

A 
[\ f) 

~ 

J J J ) If\ ) ~ /"'-.. ~ 

DEC 18 2013 09:57:37 AM Vanan Quadrupole Mass Spec 
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Pict: Air and water report ·18 Dec 2013 9 58.pic 

1.9mV full scale (EDR) 
Air and water report· 18 Dec 2013 9:58:43 

J 
1 8 ~~--------~~ 28~ 32~ 

DEC 18 2013 09:59:02 AM 

28/18 Ratio 

. Limit 1.2:1. Measured 1.5 :1 

· Ratio too high! 

28/32 Ratio 

· Air 3.5:1 . Measured 2.1:1 

· OK! · Not indicative of Air 

28 absolute size (mV • EDR on) 

· Limit 20.0 · Measured 1.9 

-OK! 

· No significant leak detected 

Varian Quadrupole Mass Spec 
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Print Date: 20 Dec 2013 12:40:12 

Overlaid Chromatogram Plots 

MCol.nts ueo cm664701 1000 2 12-18-2013 xms 29 0 500 0> Fo~ered 
290.5000> 

fl"' 1 "''xd 111 '2013001 xr ____ 5_~ Qo F t5ed 
'iOO 0> 

48- -

39- -

29- -

1&- -

j 1\ ~ \j \}\_~ ll ~ .....__ !V 
I '-- ..___ '-- '------' ~ '-- \..-

&- -

! 1b 11s ;!o ~ :fJ rrinutes 
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Print Date: 20 Dec 2013 09:09:33 

Overlaid Chromatogram Plots 

MCounts ueoCI1Y6647011000 212-18-2013.xms 29.0:500.0> Filtered 
29.0:500 0> 

bp2380 1000xd 111-1-2013002 xms 29 0 500 0> Filtered 
290 5000> 

-

-

4&- -

3&- -

2&- -

1&- -

'l1t ~ ._ ,""-. '-- \_ 
.,...J:-::::=====================================~±~:::::~:::::::iltWL..ttflj\:.._:11 '- '---- '--- '-- '-----..1 '-----..A..J '"--- --_--=! 

fl m nutes 
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Print Date: 20 Dec 2013 09:24:56 

•••110 2 12-19-2013.xms 
Operator: CG 

3.13-31.31 min. Date: 12/19/2013 5:21 PM 

GCounls ueoaro66470110212-19-2013xms290.5000>FIItered _ 
2905000> 

USED ENGINE OIL 1 OXD 

1.0&- -

0.75- -

0.5&- -

0.25- -

0. 
l. I. l. l L. ~~ ~ '---

___ JI 
~ 

~ ro lis iJ :;is :iJ rrinutes 

Seg 1, lime: 3.13-31.31, Scan Functions: 1 

284 11i41 1807 2543 32'45 3958 Scans 
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Print Date: 20 Dec 2013 09:45:36 

Operator: CG 
Scan Range: 1 - 4146 Time Range: 3.13-31 .31 min. Date: 12/19/2013 5:21 PM 

ueo cnv66470110 212-1~2013xms 29 0500 0> Fjtered 
2905000> 

USED ENGINE OIL 10XD 

1. 

1. 

4.70 

1. 

0. 

3.5 4.0 4.5 5.0 5.5 6.0 minutes 

Seg 1, Time: 3.13-31.31, Scan Functions: 1 

2 2 9 4 Scans 
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Print Date: 20 Dec 2013 09:45:23 

Scan 238 from 

Entry 11434 fro 

. 
. . : ~ . 

R Match· 899 F Match· 895 .. 
Search Spectrum 1A 

ry 

BP 91 0 (184727=100%) ueo cmr664701 10 2 12-19-2013 xms 
100% 9 .0 

18J t'727 

75%- 9t1.1 
124957 

50%-

39.0 
64289 

25-Ar 

50.9 
24996 39 1 

I I~ J L IIII I . . Il l! ::1 
~8 

o• .I 

Match 
BP 91 0 (999=100%) 11434 m REPLIB 

100% 9 .0 
9~9 

75%.- 92.0 
€85 

50%-: 

25%-: 
65.0 

39.0 159 

r ·~ 0 89 0 

o• L~h • .h. 
j 

R.Match: 899 F.~atch: 895 
1bo 

4 698 min Scan 238 29 0 500 0> ion NA RIC 691385 BC 

-

-

-

Toluene 
CAS No 108-88-3. C7H8 MW 92 

-

0 
-

-

2bo 3bo 460 56o 
m/z 
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Print Date: 20 Dec 2013 09:33:18 

Operator: CG 

Scan Range: 1 - 4146 Time Range: 3.13-31 .31 min. Date: 12119/2013 5:21 PM 

ueo crMi6470110 212-19-2013 xms 290 5000> Filtered 
2905000> 

USED ENGINE OIL 1 OXD 

13.55 
10.59 

9.85 10.94 

9.62 
12.47 

6.89 

7.5 1 .0 1 .5 1 .0 
minutes 

Seg 1, Time: 3.13-31.31, Scan Functions: 1 

1 1 1 0 1 7 Scans 
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Print Date: 20 Dec 2013 09:25:16 

Operator: CG 
Date: 12/19/2013 5:21 PM 

MCountor ueo ~70 102 12-19 p13xms29 ~.0> Filtered 
29.0.500.0> 

USED ENGINE OIL 10XD 

75- -

5&- -

25- -

fl 

J I \J _nl lJ. ..~J ' .1 ... A ~ IU lL~ N 
I~ '\J ~ '-\J 

\J I., 
A I ~ 

&- -

A 1b "!Is 2:1 15 ~ rrimrtAO 

Seg 1, Time: 3.13-31.31 , Scan Functions: 1 

284 Hl41 1007 2543 32'45 3958 Scans 
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Print Date: 20 Dec 2013 09:26:00 

Scan 568 from 

Entry 6788 

R Match· 820 F Match· 777 

Search Spe..:trum 1A 
BP 59 9 (140215=100'ro) ueo cmr664701 10 2 12-19·2013 xms 

100% 59.9 
14 1215 

75%-

50°/o- 73.0 
62390 

45.0 
51958 

4 2 

25%- 3-4 3p3 

4 84.1 
9 

91~01 
oo ~~l !1, I .1 I 

'" 

Match 
BP 60 0 (999=100%) 6788 in REPLIB 

100% 6 .0 
9 9 

75%-

50%-

73.0 
356 

25%- 41 .0 
178 

oo ~. f.t .I 

R.Match: 820 F.~atch: 777 
100 

6 891 mm Scan 568 29 0.500 0> ion NA RIC 693293 BC 

-

-

-

Pentanoic acid 
CAS No. 109-52-4 C5H1002 MW 102 

OH 

I -
0 

-

-

200 300 400 500 
mfz 
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Print Date: 20 Dec 2013 09:26:28 

Scan 834 from 

Entry 5413 

R Match· 848 F Match· 790 

Search Spectrum 1A 
BP 42 9 (252725=100%\ ueo cmr664701 10 2 12-19-2013 xms 

100% 4 .9 
25 '725 

75%-
41 0 

168 Ps5 

29.2 
50%- 121822 

25%-
5LO 85.0 

54 86 52969 
1.9 

s [ 1 
3 10 

119.8 
17 95 18781 

0~ 
lit h ,I . ~ 11Lii I 

Match 
BP 57 0 (999=100°' \ 5413 in REPLIB 

100% 5 .0 
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43.0 
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75%-

50%- 41 0 
4 7 

71.0 
364 

85.0 

25~ 5 .0 
261 

J, 29.0 2 2 
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I t r II 142.0 

0~.-
.It d r 

R.Match: 848 F.~atch: 790 
160 

8.630 mm. Scan 834. 29 0 500 0>, lon. NA, RIC 1 483e+6 BC 

-

-

-

Decane 
CAS No 124-18-5. C10H22 MW 142 

-

-

-

260 360 400 500 
mlz 
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Print Date: 20 Dec 201 3 09:27:03 

Scan 970 

R Match· 927 F Match· 897 

Search Spectrum 1A 
BP 60 0 (713185=100' o. ueo cmr664701 10 2 12-19-2013 xms 

100% 

75%-

50o/cr:: 

25%-: 

43.0 

6 .0 
71 '185 
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41 0 
288 06 

55. 

359660 

1769 7 

87.0 
206980 

d. 

~.8 
1 16 70 p 
4 I 821~0 

105.0 
105583 

9 526 mon. Scan 970 29 0 500 0> lon NA RIC 3 970e+6 BC 

-

-

-

It 1 

I. .l ~I I, 
0·~--------~~LW~~~~~~~~~~-------------------------------------------------------------------------------------~ 

Match 

100% 

25%-

BP 60.0 (999=100%) 6779 in REPLIB 

41 .0 
316 

6 .0 
9~9 

73.0 
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5·0 700 

87.0 
216 

Heptanoic acrd 
CAS No 111 -14-8 C7H1402 MW 130 

0 

OH -

-

-

~ 1

47 
5~~ r n 'l~' 

0·~------~W-~~~~~~--J---------------------------------------------------------------------------------------------~ 

R.Match: 927 F.~atch: 897 500 rnfz 
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Print Date: 20 Dec 2013 09:27:31 

Entry 14713 

R Match· 918, F.Match· 907 

Search Spectrum 1A 
BP 108 OJ_708941=100° ) ueo cmr664701 10 2 12-19-2013 xms 

100% 
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Print Date: 20 Dec 2013 09:27:59 

Entry 5461 

R.Match: 954, F.Match: 951 

Search Sl)tlctrum 1A 
BP 57 0 (840600=100%). ueo cmr664701 10 2 12-19·2013 xms 9 846 mm Scan 1018 29 0 500 0> len NA RIC 4 242e+6 BC 

100% 57.0 
84dsoo 

75°Ar: -

41 0 
50%-: 403 33 -

71 .0 
300258 

29.2 85.1 
225343 

25%·-: Sf 
209048 -.9 

15l ~02 
8< .1 

II l 
78 67 156.1 

o• .I .JI .• 11 J ~ .• I 

43r1 

Match Undecane 
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Print Date: 20 Dec 2013 09:28:26 

Scan 1129 

Entry 6793 

R Match· 908, F.Match· 905 

Search Spectrum 1A 
BP 60.0 (1 086e+6=100"1o). ueo cmrtl64701 10 2 12-19·2013 xms 
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Print Date: 20 Dec 2013 09:30:36 

Operator: CG 
Scan Range· 1 -4146 Time Range· 3 13-31 31 min .. Date· 12119/2013 5·21 PM 
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Print Date: 20 Dec 2013 09:31:04 

Operator: CG 
Date: 12/19/2013 5:21 PM 

ueo cm136470110212-19-2013xms 2905000> Filtered 

USED ENGINE OIL 10XD 

10.59 

9. 

6 .89 
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Print Date: 20 Dec 2013 09:31 :26 

Scan 1416 from 

Entry 6784 from REPLIB NIST Library 

R Match· 883 F Match· 879 
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Search Spectrum 1A 
BP 60 0_(483051 1 00%}. ueo cmr664701 10 2 12-19-2013 xms 12 471 min. Scan 1416 29.0.500.0> lon NA RIC 4 505e+6, BC 

100% 6 .0 
48 ~51 

73.0 
379972 

75%r 43.0 
.!> -

338422 

129.0 
294632 

29.2 
55. 

50•Ar: 
220996 

2324 4 -

71 1 
148 19 

25%.-: 39 l 
83.0 -

974 6 
87 1 115.0 143.0 

~~ 
66839 

"f." 
8 1 
3~ 3 2

1~.L 11l 
o• II .• I I. 

Match n-Decanoic acid 
BP 60 0 (999=100%) 6784 in REPLIB CAS No. 334-48-5 C10H2002 MW 172 

100% 6 .0 
9~9 0 

73.0 
852 

OH 

75%.-: -

41 .0 
547 129.0 

57 0 502 
50%- 69 

-

71 0 
~4 

25%.-: 29.0 69 l -
198 1 87.0 

5 .D 164 115.0 

I 
a ~ 134 143.0 

110 ~ r ..II .II Ji.l . . ~ I o• 'u 

R.Match: 883 F.~atch: 879 
160 260 360 460 56o 

mlz 



Attachment 26

Print Date: 20 Dec 2013 09:32:18 

Operator: CG 

Scan Range· 1 -4146 Time Range· 3 13 - 31 31 min .. Date· 12/19/2013 5 ·21 PM 

MCount~ ueo CITJ00470110 2 12·19-2013 xms 29 0 500 0> Filtered 

290500.0> 

USED ENGINE OIL 10XD 

~ -
1A 

1S.: 
-

10.59 

1&; 9.85 10.94 -

9.62 12.47 

s-: ''j 11.91 

''\ ~l-~ 
-

8.63) 

lA, ""A u J\. '-.A ·"· ,/I. .M. ~ 
&; 

.0: -

715 1d.o 1~.5 1~.0 
rrinutes 

Speclrum1A 
BP 570137081? 100' lUAOm>'o647011021?-1'l.?Q1~•m" 1?fl"!ln>o SCM\ 1471 ?Q05000c- iof' NA Rl~ 73/'le-+e BC 

57.0 
100%- 3711!12 -

42.9 

75'llr 
280208 -

410 
221 86 71.1 

205669 

50'llr -

85.1 
29.2 139607 

126772 

25'llr 550 
-

70 8 

~ 
1 

99.0 
42286 

38 5 

"~I .LIL .11.11. .IL II . II. ~1
2

1 
~ 

0 .1111 lit. .1. dl 

100 2bo 3bo 4bo sbo 
rrJz 



Attachment 26

Print Date: 20 Dec 2013 09:32:45 

Entry 66885 

R Match· 956 F Match· 955 

Search Spectrum 1A 
BP 1190(1713e+6=100%J ueocmr66470110212-19-2013xms 13.553 min. Scan 1583 29 0 500.0> ion NA RIC 9 101e+6 BC 

100% 11 9.0 
1.7 ~e+6 

64.0 
1.395e+6 

.0. 

75%-: -

6 .0 
914 014 

50o/cr -

25%-
52.0 -

367349 

'~j ~5 
1 0.0 

9~. 1 15 369 
9 987 

I. I •• 1 J! .I 
~ 

o• 

Match 1 H-Benzotriazole 
BP 119 0 (999=100°,,) 66885 111 MAINLIB CAS No 27556-51 -0 C6H5N3 MW 119 

100% 119.0 
9 9 

91 .0 

0 :) 75%-
64.0 749 -
712 

6 .0 
53 

50%- -

52.0 

25%-
265 

~.0 38.0 -
189 95 

3 .0 
1 3 6 1 0.0 
1 

IJu,ll 
f 9 .0 7 

3 

0% Jill .• ol. 

R.Match: 956 F.Match: 955 
100 200 300 400 500 

mfz 



Attachment 26

Print Date: 20 Dec 2013 09:56:14 

Operator: CG 

Scan Range· 1-4146 nme Range: 3.13-31 31 min Date· 12/19/2013 5·21 PM 

MCount~ 
29.0:5000> 

18.53 

USED ENGINE OIL 10XD 

7&: 

19.231 

~~~-2._47 ___ ----.A_..A.-1.-7.8_\-.J'-A..J\.Jil J~~llA .. ~ ~ ~ \) 
1~.0 rl.s 

127.1 
100%- 2.0 ~ 

75%-

50%-

25~ 

0 

43.0 

57.0 
1 .697~ 

722290 

55 ~8 49 

71.1 29.2 

][~.~1111 22r 84 
I, II 

99.0 
49'£77 • 1 

J5 J ~9 361 

:[f 74 

I. I• ,, I 

11x> 

:zd.o 

155.1 
586305 

1.. 1. 11 

i6.2 212.1 
¥J75 11194 
fu. t.l.l. . ,1,11 II,,, ;.l.d .. II 

20o 

ue lcrr66470110212-19 2 13xms2905000> Ftltered 

-

-

-

-

-

-

z!.s 2Io 2f.s 3d.o 
minutes 

-

-

-

-

329.1 
271.2 Hr B 436.2 

1T 03 
1, 245 

... lu. 1. •. " .II .I . I I. 

3bo 4!0 sbo 
rrlz 



Attachment 26

Print Date: 20 Dec 2013 10:18:33 

Scan 2697 from 

Entry 142872 

R.Match: 929, F.Match: 929 

Search Spectrum 1 A 
BP 368 1 (6 850e+7=100%). ueo crnr664701 10 2 12-19-2013 xms 

100% 

75"Ar 

so•Ar 

165.0 
1.780e+7 

25o/cr:: 
91.0 

1.023e+7 180.0 

o• I. J I~ .l .I~ 

7 

·

6

;r +S 1111. 

Match 
BP 368 0 (999=100%) 142872 in MAINLIB 

100% 

75%-: 

91 .0 165.0 
50o/cr 

500 481 

65.0 
318 

25%- 9 .0 
1 5 108.0 179.0 

7 .0 167 198.0 150 131 39.0 6 153.0 

r 90 r·o [ 
.Iii o• L~~~~ LIL ~~ L 

R.Match: 929 F.Match: 929 
160 260 

21 110 min. Scan 2697 29.0 500.0>, Jon NA. RIC 3 162e+8 BC 

3~.1 
6 .8 e+7 

-

36 .0 
3.33 e+7 -

3 9.2 
1.5 7e+7 -

261.0 
1.073e+7 

J. J . l 

Phosphoric aod, tris(3-methylphenyl) ester 
CAS No. 563-04-2 C21 H2104P MW 368 

3€~.0 
9~9 

0 -

36 .0 

0 52 
-

0 

0 
3 9. 

26 -

243.0 261 .0 
148 140 

J J 277.0 
56 

I .... L I. 

360 460 s6o 
m/z 



Attachment 26

Print Date: 20 Dec 2013 10:19:03 

Entry 142872 

100% 

Match 

100% 

65.0 
318 

90.9 
8.658e+6 

91 .0 
500 

9 .0 

165.0 
8.949e+6 

165.0 
481 

198.0 
6.215e+6 

261 .0 
6.929e+6 

21271 mm Scan 2719 29 0 500 0> ion NA RIC 2 655e+8 BC 
3 .0 

4.3 e+7 

36 .0 
2.09 e+7 

3 9.2 
9.8 1e+6 

3 .0 
9 

36 .0 
5 2 

3 9. 
6 

~ 

Phosphene ac1d. tns(J..methylphenyl) ester 
CAS No 563-04-2. C21H2104P MW 368 

1 5 108.0 
1Ji.:,0 

243.0 261 .0 

~-----L~~~~~7~--~~~.ill1L50~~~~~~~~W-~--~~--ru~•:l?' ______________ ~~--~------------------------------~ 
R.Match: 884 F.Match: 884 

3 0 4 0 5 0 
m/z 



Attachment 26

Print Date: 20 Dec 2013 10:19:49 

R.Match: 847, F 
Search Spectrum 1 A 

BP 368.0 4 151e+7=100%) ueocmr664701 10 2 12-19-2013 xms 
100% 

Match 

100% 

43.0 
1.041e+7 

R.Match: 847 F.Match: 799 

91 .0 
9.889e+6 

107.0 
348 

9 .0 
1 2 

8 0 

1 0 

8.0 
8 

155.0 
1.663e+7 

165.0 
.049e+6 198.0 

165.0 
284 

6.093e+6 

182.0 
114 

198.0 
226 

261.0 
6.674e+6 

243.0 261 .0 
179 190 

3 0 

21 441 mm. Scan 2743 29 o 500 0> Jon NA. RIC 3 377e+8. BC 
3 .0 

4.1 e+7 

36 .0 
2.11 e+7 

3 9.2 
8.6 9e+6 

3 9.0 
3 

4 0 

425.3 
4 .195e+6 

Phosphene ac1d tris(4-methylphenyl) ester 
CAS No. 78-32-0 C21H2104P. MW 368 

0 -~ 

50 mlz 



Attachment 26

Print Date: 20 Dec 2013 10:20:18 

Scan 2766 

R.Match: 781 , F.Match: 711 
Search Spectrum 1A 

BP 368 1 1 465e+7=100%. ueo cmr66470110 2 12- 19-2013.xms 
100% 

Match 

100% 

43.0 
9.093e+6 

57.0 85.1 
3.194e+6 2.975e+6 

9 .0 
1 2 

8 0 

113.0 
8.603e+6 

127.0 
2.869e+6 

107.0 
348 

8.0 
8 

R.Match: 781 F.Match: 711 
1 0 

165.0 
284 

198.1 
3.559e+6 

182.0 
114 

198.0 
226 

261 .0 
2.812e+6 

243.0 261 .0 
179 190 

277.0 
54 

3 0 

21 .605 m1n Scan 2766, 29 0 500 0>. I on NA. RIC 1 551e+8. BC 
3 .1 

1.4 e+7 

36 .0 
8.55 e+6 

3 9.2 
3.4 1e+6 

3 .0 
9 

36 .0 
6 0 

3 9.0 
3 

4 0 

Phosphoric acid. tris( 4-methytphenyt) ester 
CAS No. 78-32-0 . C21H2104P MW 368 

5 0 rnfz 



Attachment 26

Print Date: 20 Dec 2013 10:24:51 

Operator: CG 
Date: 12/19/2013 5:21 PM 

ueo tm€6470110 212-1S-2013 xms 290500 0> Fitered 

USED ENGINE OIL 10XD 

21 .27 21 .44 

1A 

21.11 



Attachment 26

Print Date: 20 Dec 2013 10:26:41 

USED ENGINE OIL 1 OXD 

21.27 

7 

1A 

341.2 
1 

ueoart66470110212-19-2013xms 29 0:500.0> Filtered 



Attachment 26

Print Date: 20 Dec 2013 10:27:30 

Operator: CG 

Scan Range: 1 -4146 Time Range· 3 13 - 31 31 min. Date: 12/19/2013 5·21 PM 

GCoun~ 
29.0"500.0> 1 

ueocm:66470110212-19-2013xms29.05000>Filtered _ 

USED ENGINE OIL 10XD 

22.12--

0.75- -

0.59- -

21 .27~ 21 .44 
18.53 

21.11-

0.25- 21.61 -

20.28~Ll. [ 
0. 

11.8 1----.. 19.2~9.751 l..A.J ifv-_ ~ l....II...-.J 1.... L/\1 A.~ 

r.:.'l' 
~ 

1~.0 ,-J.5 2d.o ~.5 2~.0 27.5 3d.o 
rrinutes 

Spectrum 1A 
BP· 1130!131&>+8o-100,<, U"" C!!l!ffi470110 2 1?-lP-:>011 Xl'l'l 7J '2~ I!Jil Scan ?923 ?9 0 500 (I> ~ "" NA RIC !l ?64P+~ BC 

100%-: 
-~3.0 

1 ~8 -

75%-: -
42.9 

8.959e+7 

127.0 
7.7f/J&+7 

50%-: 57.1 -
6.221e+7 

25%-: 40 ~7 
~.0 -

2.67 2.787e+7 
3552 

s:: 9 198.1 229.1 

I'T 29.2 ! .3 1.45 e+7 1 4.1 1

.

4Il 7

ul. 1] 58+7 1.1. 

270.1 
9.97fe+6 

1.0 

~
7

111" .JI1 

1.1 fe+1 92r ,h ,JII. .I " I. 

100 2bo abo 4lx> 5bo 
rrVz 



Attachment 26

Print Date: 20 Dec 2013 10:28:05 

Scan 2952 from 

Entry 139011 

R Match· 963 F Match· 963 

Search Spectrum 1A 
BP 322 2 (7 584e+7=100° ,) ueo cmr664701 10 2 12-19·2013 xms 

100% 

75%-

50%-

25%-

o• II .I 
' " 

Match 
BP 322 0 (999=100%) 139011 in MAINLIB 

100% 

75%-

50%-:: 

25%-:: 

57.0 
98 

o• ILL I I .J. 

R.Match: 963 F.Match: 963 
1bo 

·" 
2bo 

22 935 min Scan: 2952 29.0 500 0> lon NA RIC 1 719e+8 BC 

7.~~ p 
~e+7 

-

-

3 3.3 
1.9l 5e+7 

-

250.1 393.3 

j • . ,I ... 'T'' 
Benzenamine. 4-octyi-N-(4-octylphenyl)-
CAS No 101-67-7 C28H43N MW 393 

3;<~.0 

~~ !1~9 

-

-

3 3.0 
250.0 ~2 
219 -

2 1.0 393.0 

~5 r J 
3bo 4bo 5bo 

m/z 



Attachment 26

Print Date: 20 Dec 2013 10:28:56 

Operator: CG 
Date: 12/19/2013 5:21 PM 

ueo cm1i6470110 212-19-2013 xms 2905000> Filtered 

USED ENGINE OIL 10XD 22.73 

22. 

57.0 

355.2 



Attachment 26

Print Date: 20 Dec 2013 10:29:54 

Operator: CG 
Scan Range· 1 - 4146 Time Range· 3 13-31 31 min Date· 12/1912013 5 ·21 PM 

GCount9 <C ueo CI!Yti64701 10 2 12-19-2013 xms 29 0 500 0> Fitered 
29.0500.0> 1A 

1 .~ USED ENGINE OIL 10XD -

1.00: -
22.73~ 

22.12_____, 

0.7s: 23.42 
-

o.se-: -

21.27----<. 21.44 
18.53----. 

21.1 1_ 

'U 0.25: 21.61 22i 94 -

20.2~---,, 20'! ll [ 
0. 

. .., 1.0 ?~J9.7_51 . L.A. ""'-- .._,_____, LA...-J \. 
r <!.41 

1~.0 11.5 :zd.o ~-5 2~.0 21.5 3d.o 
minutes 

Spectrum 1A 
f'P 43 0 (] 710A+7=100'.1,l uoo cmr66470110 217-19-2013 xm< 74 740 rnn Sun ~137 79 0 500 0> ion NA RIC 8 0571*8 BC 

43.0 113.0 
100'llr- 7.2 De+7 7.134e+7 -

57.1 
5.717&+7 127.0 

75%-
5.452e+7 -

155.0 
3.9209+7 

50'l!r- -

41 ~7 85.0 2.31 2.199e+7 

25%- .3 229.1 -
1.5 ~7 341.2 

69.0 1.405e+7 1.337&+7 
1.127&+7 98.0 200.0 • • 383.2 

29.2 'r,, 243.1 271.1 

1 
9.690&+6 

82rll ~JI 
1 8.1 

,r111. ~. 1 
8

·~~1~ 
8.7r 

l. 
6.8 1e+6 1 ~:.e 1 3·!~ 1 4. 4.5 

J J lu .l .11 I, 
Ill I 

100 200 300 400 silo 
rrJz 



Attachment 26

Print Date: 20 Dec 2013 10:30:18 

Operator: CG 
Scan Range· 1 -4146 nme Range· 3 13-31 31 min Date· 12/19/2013 5·21 PM 

Geo..nt9 ~ ueo<m66470110 212-19-2013xms 29 o·sooO> FlHered 
290 500 0> 11\ 

1~ USED ENGINE OIL 10XD -

1.00: -

22.73_. 

22.12____, 
24.24 

0.75: 23.42 
-

O.fi&: -

18.53_ 
21.27~ 21.44 

21 .11_ 
~1 .61 22/4 0.~ -

20.2~~ 20.1 IJ [ 
0. 17 " ' 

..Q 'L9 nJ.9. 7As-:i L.A. ""'-' ~ LA__) J \.. -1:.!.4( 

1~.0 17.5 2d.o n .5 2t.o 27.5 3d.o 
minutes 

~rum1A 
BP 43 016 312P+7··1()0%l ueo cll'l!66470110 212-1q·2013 xms ?5 176 m1<1 Sc<ln 3?70 ;;>q 0 500 0> 10'1 NA RIC 7 340e+8 flC 

43.0 
100%- 6.3 ~e+7 -

57.0 127.0 
5.1098+7 5.0448+7 155.0 

4.832e+7 
75%- -

50'IIr- -

41 ~7 65.0 2.1( 
1.970&+7 

355.2 

25%- .3 1.533e+7 -
1.2 18+7 71.0 

98.0 229.1 
1.119e+7 200.0 1.057e+7 271.1 383.2 

29.2 1.002e+7 9.526e+6 7.T 1 8.1 1 -~ 'I.I ·~ 
8.814e+6 

~ 
95. 6.4 1e+6 5.7 ~ 

284.1 312.1 31 466] ~ 4

L '·· 
3

-sr.e '· 
"' 

0 I .Ill .I .1. I. II 11 .It I. II I. II 

100 2bo abo 400 500 
rnlz 



Attachment 26

Print Date: 20 Dec 2013 10:30:39 

Scan Range· 1 -4146 Time Range· 3 13-31 31 min Date· 12/19/2013 5·21 PM 

GCount~ ~ ueocm66470110 212-19-2013xms 2905000> F1ttered 
2905000> 

1~ USED ENGINE OIL 10XD -

1.00: -

22.73_. 5.18 

22.12_ 24.24 

0.7~ 23.42 
-

o.s&: -

18.53_ 
21.27----<. 21.44 

0.~ 

21 .11_ 
21.61 22i 94 u -

20.2~~. 20~l II [ 
0. 

07 D· 1.Q ?~9.7.51 L_,w ~ '-"-----' LA___) J \. 1 -r;l."'f -
1~.0 11.5 2d.o 2:!.5 2!l.o zl.5 3d.o lllnutes 

SP"C!n.m 1A 
BP 1270191?:<e+7~100ll>) ueocmr66470110212-19·2013XIffi ?6 ?AO rnn S<;m 34?1' 29 0 500 0• ion NA RIC 6 767.,..8 BC 

127.0 
100%- 9.1 ;le+7 -

57.0 

75%-
6.8689+7 -

50%- 43.0 155.0 -
4.211e+7 4.328e+7 

40 ~7 25%-- 2. 1~ 243.1 -
1.941e+7 

369.2 
397.2 

98.0 1.431e+7 

~ 'flilll ]~'1 .. 
1 
~:.a 212.1 'T 9.4 9.4 

~.2 
.. J 8.7r .L, 

285.1 
1 6.997e+6 

I 4.9 7e+6 

1 I I t.l. 1 I. I .h 
0 I Ll. Li I. 

1lxl 2lxl 3lxJ 4bo 5lxJ 
rrJz 



Attachment 26

Print Date: 20 Dec 2013 10:31:03 

Operator: CG 
Scan Range: 1 -4146 Time Range· 3.13-31 31 min. Date: 12119/2013 5·21 PM 

GCoun~ ueoam564701102 12-1S.2013 xms2905000> Filtered 
2905000> 

1 .~ USED ENGINE OIL 1 OXD -

1A 

1.CJ&:: -
22.73_ ~5.18 

22.12_, 24.24 

0.7~ 23.42 
-

1\26.28 

o.se: -

18.53_ 
21.27---....,. 21.44 

21 .11_ 
21 .61 ~2.94 J 

0.25: -

20 .2~~20.r tL ~ 0. 
,., 0 -tQ ?<tJ9.7_S1 ~ ~ LA_.._) I "" ....... 

IL.'If 
~ 

1~.0 1-l.s 2d.o 22.5 2~.0 2-l.s 3d.o 
rrinutes 

Spec.trum 1A 
RP 1551 14 54&>+7=100%1 ueo cmrfi64701 102 12-19-2013 xms ?7599mo Sc>!o 3616 2905000> loo NA RIC 4060e+8 BC 

155.1 
100%- 454~7 -

43.0 
4.074&+7 

75%- -

113.0 
2.8759+7 

50%- -

57.1 
1.684e+7 

41 ~7 
85.0 363.2 

1 .2~ 1.284e+7 271.1 1.2809+7 

25%- 1.086e+7 -
691 229.1 

29.2 7.41 e+6 98.1 

~ 
7.1079+6 

5.55[ 9+6 ]~ 
1 200.1 

I! 
67. 4.9 4

1t3e+6 
312.1 

3.~ ~ 
425.3 

3.51 
.+6 27 .0 

3.7r ~. 
,,I, I, 26~ e+6 2.9r<6 

II ... u .• L IJ d. II I 1 .. 1.1. J, _..._ L -
100 26o 300 400 six> 

mtz 



Attachment 26

Print Date: 20 Dec 2013 10:31:23 

Scan 3769 from e. 

Entry 143101 from 

R Match· 852 F Match· 732 

Search Spectrum 1A 
BP: 371 2 (2 305e+ 7=1 00%). ueo cmr664701 10 2 12-19-2013 xms 

100% 

75%-

85.0 

50%-
1.154e+7 

25%- 57.0 
4. 104e+6 

29.2 831 155.0 

1.3Te+.t 1.51 e+6 1.4ie+6 

o• J L .I 
'" 

Match 
BP 371 0 (999=100%)143101 in MAINLIB 

100% 

75%-

50%-

25%-
180.0 
147 

104.0 

o• r .lt 

R.Match: 852 F.Match: 732 
160 26o 

28.674 m1n. Scan 3769 29 0.500 0>. ion NA RIC 7 714e+7 BC 
3 1.2 

2.3C 5e+7 

-

-

3 2.3 -
315.1 4.5 9e+6 

3.503e+6 

287.1 
1.5J e+6 

J. 

Biphenyl-4.4'-dicarboxylic aCid, bls-(4-pentyl-phenyl ester 
C36H3804 MW 534 

3 1.0 
0 0 

9~9 

0 0 
0 0 -

-

3 2.0 
1?8 

-

360 460 56o 
rnlz 



Attachment 26

Print Date: 20 Dec 2013 10:32:01 

Operator: CG 
Scan Range· 1 -4146 Time Range· 3 13-31 31 min Date· 12119/2013 5:21 PM 

GCooots ueo cm66470110212-19-2013 xms 29.05000> Fil1ered 
290 5000> 

1 .~ USED ENGINE OIL 10XD -

1A 

1.00: -

22.73..--< ~5.1 8 

22. 12___, 
24.24 

0.7~ 23.42 
-

"'26.28 

0.~ -
29.15 

18.53_ 
21 .27 -----E 21.44 t7.60 
21 .11_ 

22i 94 28.67 
0.~ 1.61 -

20.2~120.f tL 
0. 17 D• -"' 1.Q ?::~d 9. 7.51. L.,.u "'--J ~ ~ I ~ ~ 

1<!.4( 
~ 

1~.0 1-/.5 2do 22.5 2~.0 2"1.5 3d.o 
rrinules 

Spuctrum 1A 
BP 155 0 4 430!•+Z~100%l ueo cmr664701 10 212-1<>-?013 •m• ?9 145 mn &•n 183'1 :><! 0 500 o~ ion NA RIC 4 073e+8 BC 

155.0 
100%- 4.4; De+7 -

57.1 
75%- 3.2358+7 -

127.0 
2.507&+7 

50'lEr- -

41 ~7 397.2 
1 .~ 71.1 

1.222&+7 
1.277&+7 

25%- 271.2 -
85.1 9.457e+6 

.3 7.489e+6 243.1 
6.4 ~+6 1 ~.2 200.1 

6.517e+6 

I 
3.; 

.1 5.0 Be+6 312.1 
1a.3 

425.3 
+6 ] ~ 

1 
~ 

4

] e+611. 

'" 

2; 

.1 

3.7]~ I, 
3 

3~r+6 2.9 

e+6 .II. I 

2.a; ~ ~ 
I. 1 .. I I J II .J,,I, .L Ll .JI , I. I ,, 

100 200 300 400 she 
rrlz 



Attachment 26

Print Date: 20 Dec 2013 10:32:13 

Operator: CG 
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