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SYNTHESISOF NEW HIGH PERFORMANCELUBRICANTSAND SOLID LUBRICANTS

TechnicalProqress Report

In our second year of fundingwe began the testingphase of a number of

new classesof lubricants. Three differenttesting collaborationshave

alreadybegun and a fourth one is in the works with Dr. StephenHsu of the

National Instituteof Standardsand Technologywith whom we had establisheda

working relationshipafter meeting at the Automotiveand Technology

DevelopmentCoordinationMeetingheld in November 2-5, 1992 in Dearborn,

Michigan. Dr. Hsu also plans to test some of the same materialsfor us that

Shell Developmentis studying.

With Dr. Bill Jones of NASA, we are studyingthe effectsof branchingon

high temperaturelubricantpropertiesin perfluoropolyethers.InitiallyBill

Jones is comparingthe lubricationand physical propertiesof perfluoro-

tetraglymeand the followingtwo sphericalperfluoropolyethers.Note that one

containsa fluorocarbonchain and the other one containsa fluorocarbonether

chain. The synthesisof these was reportedin the last progressreport.
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C17F3304 895 not av_i table _ CTF _ I(]3 341

CF2 C13F25(]3 679 CF3 C3F702 201
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With ProfessorPatriciaThiel of Iowa State University,we are working

on studiesof perfluoromethyleneoxide ethers and have prepared a series of

four of these polyethersto study in collaborationwith her researchgroup.

These are model compoundswhich correspondto structuresproposedon the

bottom of page 17 and top of page 18 of our research proposal:

('CF20"CF2CF2CF2"O')n (.CF2._.OCF2.0.) n
('CF20"CF2CF2CF2CF2"O') n F

(- C - 0 - CF2 - 0 ")nI
CF3

These perfluoromethyleneoxide ethers have the best low temperatureproperties

of any known lubricants. Thiel's group is studyingtheir interactionswith

metals under extremeconditions.

Thirdly,we have also begun an interactionwith Dr. August Birke of

Shell DevelopmentCompany in Houstonfor whom we have alreadyprepared samples

of the chlorine-substitutedfluorocarbonpolyetherlubricantswhose structures

appear on page 54 of our research proposal. Each of these four structuresis

thought to have potentialas lubricantadditivesto motor oils. Each of the

followingstructuresis completelysolublein hydrocarbonmotor oils and

hydrocarbonpolyalphaolefins.

ClCF2CF2(-CF2_FO-)nCF2CF2CF2C] Type I ClCF2CF20(-?FO-)nCF2CF2CI Type III
CF2CI CF2C1

(C1CF2)2CFO(-CF2CFO-)nCF2CF2CF2C1 Type II F! I

CFzC] RFO(-_-CF20-)nOR f Type IV
0

I

C1

2
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We also have underway synthesesof other fluorine-containingbranched ether

lubricants. These new materialswhich are also promisingas antifriction

additivesfor motor oils appear ahead of the perfluoroadditivesas Appendix I

to the progress report. Additionallyfor Birke and Shell Developmentwe have

at their requestprepared the novel compoundperfluorosalicylicacid. This

synthesiswas suggestedby the Shell staff who thoughtthat esters of

perfluorosalicylicacid might be an excellentantifrictionadditive for motor

oil fuels. One of the best additivescurrentlyused in motor oils is the

hydrocarbonester of salicylicacid.

0
H

CF - 0 - C - CF2 - (C2F4-0-)n - C2F5

0
il

CF - 0 - C - CF2 - (C2F4-0-)n - C2F5

I oII
CF - 0 - C - CF2 - (C2F4-0-) n - C2F5

where n is varied to produc;7fluidsand
solids with different prope,'ties

Dr. KuangsenSung of our researchgroup has succeededin preparingthe

first example of glycerin-basedperfluoropolyesterstructuresand specifically

has succeededin preparingthe glycerideester of perfluorostearicacid,

CF3(CF2)16COOH. We shall be submittingthis new class of branched perfluoro-

carbon esters for testing shortly.

We also have achievedsuccesswith synthesisof perfluoroepoxy ether

chains, a class of compoundsthat have never been previouslyprepared:
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Additionallywith Dr. Bill Jones of NASA we are testinga new class of

antifrictionadditivesfor perfluoropolyetherlubricants,the perfluoro-

phosphoranes. We have made quite a number of these and will shortly be

submittedthese to Dr. Jones for screening. The first structureappearsbelow

and the rest of the new structuresconstituteAppendix II.

19F NMR Chemical Shifts Coupling Constants

a - 47.5 ppm (d of mult.) lJpF=104l Hz

b -110.3 ppm (d of t) 2JFcp= 124 Hz

c -125.7 (s) ,
F b a

d 82.2 cF; -P,.

_Ow Resolution Mass
31

P NMR Chemical Shift __pectrum Fragments

-41.8 ppm (t of sept.) Fragment m/z

FP(C3FT)3 + 557

High Resoluti?n MBss Analysis F2P(C3F7)2 + 407

C9F22 P+ Calculated: 556.938635 F3P(C3FT) + 257

Observed" 556.937623 FaP + 107

C3F7+ 169

There are successes in many other areas to report but we lack the space

here to do so. This has been a very successfulyear in our program.

i
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APPENDIXI

General Scheme

H3.n----_(CH2)I_'OH )n + n CI"CI_ H::CH2 NaoHPTC__ H3.n-___CH2)n_O_CH2-CH=CH2>r 1

Fs-n"-'C CF)_O_CF2_CF_CF2/) <F.[?,. H3-n-- H2)n_O-CH2--CH-CH_) ,i------- CHoCI3n n
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Representative examples:

CH2
OH CH

CH 2 CH2
l PTC O

HO-CH2-C-CH2-OH + 4 CI-CH2-CH=CH2 NaOtl > CH 2!

CH 2 CH2=CH- CH2-O-CH2-_-CH2-O-CH2-CH =CH 2
OH _ CH 2

O

CH2

. C12
CH2 CHCI 3

-30

C1 C1I

' CH 2CF 2
CI-CF CI-CH

CF2 F2 CH2

O < CFC13 O ,
" CF2 CI Q1 CH2 CI QI

_#.CF2.O.CF2-C_ _H2-qH-CH2-O-CH2- _-CH2"O'CH2 "_H CH2
CF2 CI CI CH2O
O CH 2
CF2 CI-CH

CI-CF I
I

C.I. Mass S pec. Parent - F m/e = 1065

I
HO_CH2_CH. CH2CH2CFI2CH2.OH 3 CI-CH2-CH=CH2 ct"el3/-30

CI

CF2
CI-CF

CF2

"I O ¢I <
ci-CFr -CF2-O-CF2-dF-CF2CFrCFrCFrO-CFrC -CF2"Cl

C.I. Mass. Spot. Parent-F m/c =916
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Variations in the polyhydrolic starting materials will provide a

variety of-chlorofluorocarbon ether structures. Synthesis of the
following compounds is underway.

l

OH ,_
CH2

HO-CH F.
HO-CH + 6 C1-CH2-CH CH2 PTCNaOH,,X_ . \

HC-OH
HC-OH C1

CII2 >C1

OH _0

C --CF
- CF /x /CI

CF--O_,_kxc_CI
CF--O" _'I-

CF2

0 F

CI_c 1 --

OH OH

o_OH + 6 CI-CH2-CH=CH2 NaOI-h,C12\

Frc / /

OH OH

jk- O-- CF2-t-'FCI--CF2Ci

CI.CFaCFCI-CF2-O =_ _-O--CF2"CFCI-CF2CI

CI-CF_CFCI-CF_-O ==_/t-O-L'_r.CFCl-CFzCl
CI_CF2CFC1-CF2-O -_

F "
I



Approach II • Conversion of Perfluor6esters to Perfluoroethers using SF4 is well
known. Synthesis of chlorine containing fluoroesters followed by
their conversion to ethers will provide for a variety of chlorinated
fluoroethers, and will also provide a great deal of control over chlorine
content and location. The synthesis of such molecules is underway.

i

General Scheme
,4

._o.__._.-_.-o_..,.o + _ .o--_._._._._-_"*-
O

o

O _J F2CFC13
F3.n--C- _f--_--O-CF2-Rt-CF2-C1) n

)
Representative examples:

0 0

II, , II + .,HO/r-,r_r_4__C1Xt..n2/ H+ x F2 \ SFa xI-IO-C-{_CH2J4--C-OH .. .H2O/ CFCI_' /

!
CI-CF2CF2CF2CF2-O-CF2CP2CF2CF2-O-CF2CF2CF2CF2-CI

.° °.
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CI"CH2CH2C"OH + HO"CH2qH-CH2CH2CH2CH2"OHoH H+.H2_
l

Cl ( _:_13CF2 ,4 (' SF4 F2
CF2
CF2
O

C1-CF2CF2CF2-O-CF2-CF-CF2CF2CF2CF2 -O-CF2CF2CF2-C1



APPENDIXII

19F NMR Chemical_ Shifts Co_pling Constan_

a - 47.5 ppm (d of mult.) IJpF=1041 Hz

b -110.3 ppm (d of t) 2jvcp= 124 Hz

c -125.7 (s) F ° b d

d 82.2 -P,"
F ,

Low Blcsolution Mass

3lp NMR Chemical Shift SEectrum Fragments

-41.8 ppm (t of sept.) Fragment m/z

FP(C3F7)3+ 557

High ResolutionMass Analysis F2P(C3FT)2+ 407

C9F22P+ Calculated:556.938635 F3P(C3FT)+ 257

Observed: 556.937623 F4p+ 107

C3F7+ 169

19F NMR Chemical Shifts _C__ouplingConstants

a - 46.8 ppm (d of mult.) IJpF=1050 Hz

b -108.8 ppm (d) 2JFCp= 126 Hz

c -120.7 (s)

d - 123.4 (s)
Fa b d __/

, -127.4(s) ,,CE. ,CF2\ L/CFz"cE/CF2"CF_eyF_

F 2 "q / "'3

31p NMR Chemical Shift Low Resolution Mass

-37.6 ppm (t of sept.) $veetrum Fragments

High Resolution Mass Analysis Fragment m/z

CxsF34P + Calculated: 856.919474 FP(CsFxl)3 + 857

Observed : 856.918693 F2P(CsFxx)2 + 607

F3P(CsFIt) + 357

F4P+ 107

CsFtt + 269



19F NMR Chemical Shifts tToupling Constants

a - 46.9 ppm (d of mult.) 1JpF=1060 Hz

b -109.1 ppm (d) 2JFcP= 123 Hz

c -120.8 (s)

e -123.1 (s) / , r,= zOE - r F _,r.
.CF_,, ,CF\ CF-- ,CF,-P "-z 2 " 2 J

f -123.4 (s) OF3 Z"CFz 'C_ 2\CFz _NCF2"'CF,,cF_OFz"oF-CFz,,OFz,CF3g -124.3 (s) .4
h -128.0 (s)

i 83.3 (s) Low Resolution Mass

3lp NMR _hemieal Shift Spectrum Fragments

-38.0 ppm (t of sept.) Fragment m/z

F2P(CsF17)3" 1326

High Resolution Mass Ana_sis FP(CsF17)3 + 1307

C24F53P" Calculated: 1325.889136 F2P(CsFI7)2 + 907

Observed : 1325.888968 F3P(CsFtT) . 507

F4P + 107

C8F17+ 419

19F NMR Chemical Shifts

a 48.6 ppm (d of mult.)

b -113.3 ppm (d) _Coupling Constants

c - 81.5 (s) 1JpF=1030 Hz
d 117.2 (d)

" 2jFcr,= 112 Hz

e-p -121.9 (s) 2jFcp= 91 Hz
q -123.0 (s)

r -126.6 (s) ,_

s - 81.7 (s)
J

l, F
c k j l n P •-CE. I 4 / E sCF3 2X,p._...._\ ,._\ ,._,._ .c_\ .__.c_\_.._,,_c_

CF_."-I --_ ,c_ -cF2 % c_2 _q _q OF3
z F

Low Resolution Mass

Sp_qtr_m Fragments
3lp NMR Chemical Shift

Fragment m/z
-4.3..8 ppm (t of sept.) FP(C2Fs)2(Ct6F33) + 1107

F2P(C2F5)(C16F33) + 1007

High Resolution Mass Analysis F2P(C2Fs)2 + 307

C20F44P + Calculated: 1106.903506 F3P(C2F5)+ 207

Observed : 1106.906923 F3P(C16F33)+ 907 ,,
F4 P+ 107

C 16F33+ 819

C2F5 + 119



19F NMR, Chemical Shifts _oupling Constants

a - 18.7 pprn (d of mult.) IJpF=1015 Hz

b -176.7 ppm (d) 2JFcP= 99 Hz
C

/ L:-t'-- \
_ ICF-- C_F \

CF3 Low l_esolution Mass

Soeetrum Fragment_

Fragment m/z

3lp NMR Chemical Shift FP(C3FT)3 + 557

-29.0 ppm (t of q) F2P(C3F7)2 + 407

F3P(C3FT) + 257

F4P + 107

C3F7+ 169

19F NMR Chemieal Shifts Couoling Conslants

a - 50.2 ppm (d of mult.) tJpF=1007 Hz

b -114.7 ppm (d) 2jFcp= 122 Hz

c - 83.1 (s) 2JFcP= 112 Hz

d - 114.1 (d) b F* 4JFcoCF= 9 Hz
e 84.9 (s) :-CE. I d s

- CF3 :\'_-C=-."sO.. /-CE.
,.,_ : ,'-"zCF, CF," 3

: - 90.0(t) _3_ _ . . ,g - 88.9 (s) A
Low Resolution Mass

Stgectrum Fragments

31p NMR Chemical Shift Fragment m/z

-45.3 ppm (t of sept.) F2P(C2F5)z(C4FgO)" 542

FP(C2Fs)2(C4FgO) + 523

High Resolution Mass Analysis F2P(C2Fs)(CaF90) + 423

CBF20OP + Calculated: 522.936743 7:2P(C2Fs)2 + 307

Observed : 522.935822 F3P(C2Fs) + 207

•- F3P(C4FgO) + 323

F4p + 107

C4F9 O+ 235

C2F5+ 119



19F NMR Chemical Shifts Coupling Constants

a - 83.6 ppm (s) 2JFcP=
122 Hz

b -114.9 ppm (d) IJpF=
1019 Hz

c - 49.8 (d of mult.) 2JFCP= 125 Hz

d -110.0 (d)

e -120.6 (s)

f -128.2 (s)
Fb

,.,c_,. ,cF...L'C_-cF-
CF_-c_\_,-c_'-c_ OF=• _'- "cF_-c_"t I C&"CF_F F

31p NMR (_hemic_l Shift High Resolution Mass Analysis

-44.0 ppm (t of sept.) Ct3F33P2 + Calculated: 844.894834
Observed : 844.894530

19F NMR Chemical Shifts Coupling Constants

a - 83.6 ppm (s) 2JFcP= 122 Hz

b -115.0 ppm (d) 1JpF= 1008 Hz

c - 50.5 (d of mult.) 2jr:cp= 123 Hz

d -114.0 (d)

e - 84.3 (s)

b Fc F '

c_-c&_i . I'c&-'c&F F

31p NMR Chemical ShiR High Resolution Mass Analysis

-45.2 ppm (t of sept.) C12F32OP2" Calculated: 829.891345
Observed : 829.893040



a . 82.4 (s)
F" F

_-//CF2_CF 3 b -113.9 (d) 2JFcp=121

CF_-C_\ P "CF2d"CF2 ,,CF2...CF3 c -48.4(d ofm)IJpF=1030CF3"CFz'I I IF d -t07.3 (d) =I23F 21FcP

c d

' ' I I ii] l,,l[,,ll q

-50 -80 -110

19F NMR of 1,2-bis(difluorobis(pentafluoroethyl)-

phosphorano)tctrafluoroethane
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a //CF2..CF3 2jFcp=12!

CF3""C_\ _p-CF:- CFz.. i ..CFz...CF3 lJi, l=- 1030F

. I

,[1 :i

I

30 -35 , -gO -,4.5 -50 -55

31p NMR of 1,2-bis(difluorobis(pentafluoroethyl)-

phosphorano)tetrafluorocthane

19F NMR Chemical Shifts Coupling Constont_

a - 55.2 ppm (d of mult.) lJpF= 1068 Hz

b - 64.7 ppm (d) 2JFcp= 162 Hz

c -109.7 (d) 2JFcp= 122 Hz

d -177.0 (s) a

:' F .'FcF_
CFSI I = I CF_F CF F

F-_t_.-F
/\

c_ %

31p NMR Chemical Shift High Resolution Mas_ Analysis

-49.5 ppm (t of mult.) C IoF3oP3" Calculated: 782.873388
Observed : 782.869965



APPENDIX III

Preparationof perfluorinatedtriqlvceride

0 0

CH3(CH2)I6_OH+ S02Cl2 • CH3(CH2)16_Cl
A (90 )

EOH CH2 6CH3
OH -0-_( )I
OH 0 F2/He

, -O-_(CH2)I6CH3B (>90%) C
0

-O-C(CH) 6CH3
II21
0

ProcedureA: Thionyl chloride (50 g, 0.42 mole) was added to a one-neck

500 ml flask. Stearicacid (100g, 0.35 mole) was dissolvedin 50 ml of

CH2CI2. The solutionwas added to the thionylchlorideslowly. After

complete addition,the mixture was refluxedfor two hours. After pumpingoff

unreactedS02CI2, the residue was sublimatedat 50 °C to get pure acid

chloride in 90% yield.
0

II
ProcedureB: 80 g of CH3(CH2)16CClwas added slowly to a mixtureof 6.7

g glycerin and 80 ml pyridine at room temperatureunder an argon atmosphere.

Two hours after additionof the acid chloride,the mixturewas acidifiedby

I0_ of H2SO4. After filtration,the precipitatewas washed with saturated

NaHCO3(aq)until it is neutral. The solid triglyceridewas dried at ;BO"C

under high vacuum for 12 hours. The yield is higher than 90%.

' _IOP l'i_'
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