-2~

analysis of fluid from A/C ZG1 and A/C ZG2 showed 76 + 10%
500C. The ARB requires a minimum of 80/ 500C for a valid
flight test,

Shaft Seals: (1425343-JFH)

The following cyclohexenyl olefins were synthesized, will be
epoxidized and evaluated,

o
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It is interesting that the above reaction took place to yield
I where the reaction between furan and dibutyl maleate yielded
only starting material,

Skydrol Reformulation (RWS-RCR) 1425043

Thermal stablility tests were run on THP formulations con-
taining an AIT enhancer and certaln amines, The results
were encouraging., THP containing 0.50 percent 2,1,3-
benzoselenodiazole servived 336 hours in the oxidative
bomb test with a final acidity of 0.05. Metal attack was
minimal and the fluid was clear and contained no precipl-
tates, This formulation, see Table I, had an AIT of B825°F,
up 125°F from THP neat. Those formulations containing
2,6-d1aminopyridine and/or g-phenylenediamine in addition
to the AIT enhancer were much less stable giving rise to
metal attack and precipitates,

As an alternate to THP based fluids we formulated three
potentlally lower cost Skydrol LD fluids using TBP/TCP and
less expensive VI Improvers. These formulations are given
in the table below. Those containing Carbide's FH-25
acrylate VII, and R & H PL 10579 have better shear stability
in the 10 hour probe test than Skydrol LD, Shaft seal,
thermal stability, and valve tests are planned to evaluate
these VI Improvers,
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MONTHLY SUMMARY DETAILS - APRIL 1970

FUNCTIONAL FLUIDS - RESEARCH

AVIATION FLUIDS
Skydrol 500B: Marketing Technical Service (JFH)

Boeing i1s installing an AIT apparatus per ASTM D-2155. They
asked us to run four fluid samples to check their apparatus,
Results are:

Phosphate Ester "A" 735°F
Phosphate Ester "B" 930°F
Engine 011 "A" 765°F
Engine 011 "B" 755°F

The following fluid samples were analyzed:

Fluid: PIA Texas International
Utility Reservoir A/C 307
Right Systems Left Systems

Visc. 100°F 7.88 cs 9.49 cs 9.32 cm

210°F 2,60 cs 3.10 c8 3.04 c»
Acidity 0.29 TAN 0.25 TAN 0,34 TAN
Moisture 0.45% 0.30% 0.34%
Density 1,0647 1.0591 1,0593

Skydrol 500C: Flight Test (1425243-JFH)

The properties of fluid samples from PAA received to date
were analyzed by Jack Hinchen. The following conclusion
can be drawn based on the assumption that aircraft top-up
was the same for both the 500B and 500 C airplanes,

The overall conclusion is that topping-up a system with
500B does not affect fluid properties. That is no reduction
in acidity is shown and the additional stabilizer is
rapidly used up. In the 500C aircraft 1 1/2 top-ups
stabilizes acidity at less than 0,40 TAN and stabilizer
levels are high and remain that way. The 500B top-up shows
no effect on viscosity but 500C viscosity approaches new
fluid values, The 500B/500C mixtures in aircrafts after
two 500C top-ups the moisture level is 0,30% and remains
constant thereafter,

The 500C flight test at BOAC in Boeing 707's is underway.
An analytical method was developed based on the VI improver's
differences to determine the amount of 500C in S500B used
samples, The method's precision needs to be refined but
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(1425243 -RWS, RCR)

Two shaft seal tests were run on formulations containing

3,4 -epoxycyclohexylmethyl acetate and 4-methyleyclohexene
oxide, The results of both tests, No. 54 and 55, were good;
no leakage and little to no deposit formation. The formula-
tions were based on DBPP and contained the 500C additive
package less FC-98 and Unox 221, The concentration of each
epoxide was set so as to give the fluid an initial oxirane
content of 0,35-0,37%,

The major effort was directed at scaling up the synthesis
of these and other epoxides,

3,4-epoxycyclohexylmethylacetate., This material was initi-
ally prepared using m-chloroperbenzoic acid. A product of
high purity (99.5% by G.C.) but mediocre yileld, 51-52%, was
obtained. A better procedure was needed owing to the
relatively high cost of m-chloropervenzoic acid (%23.50/100g).

A procedure using peracetic acid was developed, (Peracetic
acid is inexpensive: 0.48/1b in bulk; $1.25/1b in gallonsz.
This procedure is similar to that described in USP 2,838,52
and USP 2,716,123 wherein sodium carbonate and sodium acetate
are used to buffer the reaction and retard formation of
autoxy compounds, A B8U4% yield was obtained. The product
distribution was 92% epoxide, 8% olefin, This is similar

to the epoxide/olefin distribution in Unox 221 (89/11).

The procedure is adaptable to the other epoxidations we

have planned,

Methyl-3, 4 -epoxycyclohexylcarboxylate, This epoxide was
prepared using the peracetic acId method described above.
The product consisted of B83.6% epoxide, 16.4% olefin,
The synthesis 1s being scaled up to provide sufficient
material for several shaft seal tests.

Two routes were used to prepare the starting material
methyl-3-cyclohexenylcarboxylate, The esterification of

the acid in methylene chloride was easy and direct; however,
the acid 1s expensive ($19/100g). The Diels-Alder synthesis
was superior. The product was obtained in 88% yield from

the AlCla catalyzed reaction of butadiene and methylacrylate,
This procedure follows that described in J.0.C. 30,3567(1965).

Future
1, Shaft seal tests will be run on 500C type formulations
containing the following epoxides (prepared via peracetic acid).

a, Methyl-3,A4-epoxycyclohexylcarboxylate
b. Dimethyl-3,%-epoxycyclohexyl-1,2-dicarboxylate
¢. UY-methyleyclohexene oxide

2, Bomb tests at 225°F will be run on fluids containing each
epoxide at 0.35% oxirane in DBPP at 0.50 Hz0.

MONS 036056



— R
THELE L
R75° Oxwarive Bomes Tesng
(ON TRIHEXYLPHOSPHATE  FORMULATIONS .
i Compoesiricn TEST | FinaL | Hrs, fo Mez. /rﬂic,c
LersTH| TAN . SOTAN Al | (L Y (e | Ma | Fe
; /7
I Z Unoy 3 :
{ 0.57% to
; 0.5 % 21,3~ Bau(;osakm-
l d/ﬂjé/&

/403»79—;'7737 ﬂfP(/.z?w«/ 77) 336 | 3.2F [4250 +0.02 1-0.3] |-1.057]- ¢4 ¢ 0.6f
C e Umpazi; 0.57, ;
1,3~ Ben {ac’r/fuf'dm a/e,

|0 / A 4 L{:ah/mu/oyncj/ﬂe '
10,529 //;o

l
i40390-3:97.1 7. THP+ [T vy | 168 | 0,78 br/5B ~0.02-0.09 |~1.01 030 |0.03
)0-)757 4/3- selepadic
. /' ae 03’0%0— .
! heaglene diempme. O.S« ; q
-” o8

LS09€0 SNOW

4‘97707 THE; 1T Uusorl | 168 632w 90 [f0.02 =0.86 |-8 bl |-2.22 |0.03
lo 37 "//3 gt-‘y'f& leriiden : !
)°/ 017 2,6 iamrpn> - ]
fyru/m.a 0. 3067 ¢5-//,,J),AA~__
dicmme ; 05 Hio, | ‘

i
(55 e




27°F Oxwarive Bome Tesrimg.
EpoxipE  EvALuAnoN 1N S00<C TYPE FLUID.

Composition) 78T | Fwae | Hrs™ MeraL Arrack

WEF. LensTH [ TBN 0. So7TAN| Gl d | G ﬁ?; fe
13168117637 DBPP; 7.07 #F4/2 (35T | 264 | 1.37 |~24o | NIL 2771 1-0.33 wodr | ni
U432\ selids); 10.0% PLYEST (307

sahids); .27 Uwion Cargide

C-1%,1b oc-ole fi e/;on'da, ; 0.7

FH3x; 0.24 % Hzo0,
12§ ¢81-2.| 3o.107. 28FP 5 7o, HF#2, 3¢0 | 0.1 A3TS |-0.02 |-1.19 |-0.40 +0.59 |+0.0b
(140331-2) | 10,0 PLYEST] 2,47, cyllohexene

oxide ; 0.7, FH3L; C.247. H0 ,

[e)]

121621-3 | 72 w1 bBPP ; 2.0%HEHIZ; 3¢o | /.23 [~320 |40.09 |-3.3¢ | -0.7 |-3.4%1 1+0.63

8G09€0 SNOW

10.0% PLYRST: 3.807. Efoxy-
cycdoHexyLrmenivL seerrre , 067
H;O)




-T-

Shaft Seal Evaluation (1425235-RLG)

Eight DBPP formulations were evaluated for shaft seal
leakage and deposit, The two formulations which used
diepoxide, Unox 289, caused high leakage and deposit,

The six formulations which employed other acid scavengers
d1d not leak although one had some light deposit, A
formulation MCS 986, using Epi Res 5014 had light copper
transfer from a thrust bearing cage to the races, The
Seal Reports 48 to 55 are attached, (Pages 8-15)

SST Hydraulics (1409035-RLG)

Due to the Hydraunycoil B pump test failure by high wear
and copper tranafer in the AP1OV/280°F (318°F hot spot)
pump, & lubrication test was devised to screen candidates
before pump test, The test employs the LFW machine under
the following conditions

Test time = 24 hours

Test Temp = 280°F (or pump test temperature)
Ring Speed = 200 rpm

Load = 8 1bs (53 psi)

with conforming Dynalloy 603HT bronze conforming blocks on
hardened steel rings. The bronze alloy is the same as that
used on the steel on bronze wearing surface in the AP10OV
pump. The forging conditions are the same since the test
specimens were machined from pump cylinder barrel forgings.

The weight loss results are:

Wt. Loss mgs.

Test No. Fluid 603HT block E9310 ring
! ‘}:f,,‘.’, *;f&?.?‘éi‘i?“ ® 36.0 5.1
2 New Hydraunycoil B 32,7 5.6
3 Skylube 450 0.8 0.2

The results for Skylube 450 were so encouraging that a
280°F/AP10V pump test was started and at 210 hrs there

are no operational problems. The wear correlation between
the LFW wear and pump test seems to be correct when com-
Raring the 156 hr fallure of Hydraunycoil B to the Skylube

50 pump test.

If the Skylube 450 pump test is successful, the next test
should at low temperature AP10V pump test with a Bendix
valve test in parrallel with the load valve. The low
temperature pump test would determine if K-salt micell
formation blinds filters at the low temperature and the
Bendix valve test will give a measure of the Skylube 450
erosion resistance,
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SHAFT SEAL PERFORMANCE EVALUATION

Fluid Formulation OR 1403F1.-5
41,736 DBPP (A-D) 0.02% Benzotriazole
3,45 HF-b12 0,254 Ha0
4,65% Unox 289
Summary of Results

The total leakage in 214 hrs is 478 grams, A heavy resinous
deposit covers the stator eeal face,

Visual Condition

AP10OV Shaft Seal "Bearium" Bronze
Stator., Leakage path from outer
to inner diameter, A heavy amber
resinous deposit covers the entire
seal face with a heavy concentra-
tion outside the sealing area on
the atmospheric edge, Light wear
18 under the deposit.

o] L ‘
TostNo. 48 004 -+ r - ! :
[ S i
- | :
Tester No. C-1 goo 4 g,_l-_,,, !
.jg.i
Temp.  225°F 5004 &
g
g |
Timeto 85 hre 004 = -
5 grams/hr, 2 -
= .
KLLE S
Other
Stator thickness 2004 - -
variation is
0.0002 in, .
i1}
0 —
0 20 40 60 80 100 120 140 160 180 200
® w010 100w ~— Test Time (Hours)—
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SHAFT SEAL PERFORMANCE EVALUATION

Fluid Formulation OR 140381 -4
91,254 DBPP (A-D) 0,275 H20
3. 40% HP-412
4,856 Unox 289
0,50 FH«132
Summary of Results

The shaft seal had & total leakage of 644 grams in 212,0 hrs,
The seal face has a white flaky deposit and no wear,

Visual Condition

AP1OV Shaft Seal "Bearium" Bronze
Stator, Leakage path from outer
to inner diameter, A moderate
amount of white flaky deposit
covers the center of the stator
seal face, The atmospheric edge
has a black sludge concentration
while the fluid side edge has no
deposit, No wear is seen under
the deposit,

800
Tast No. 49 700 1 644 g at 212.0 hrs
. ~9
Tester No. C-2 6004 &
) .
Temp. 225°F 5004 & //
2
3
Time to 120 hrs Wwot — -
5 grams/hr. a
=
30091 —
" Other
Stator thickness 200
variation is
0,0002 in,
100 ///
0 e
0 20 40 60 80 100 120 140 160 180 200
» 0 7 ee ~=- Tes! Time (Howrs)—
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SHAFT SEAL PERFORMANCE EVALUATION

Fluid Formuiation  MCS 986

77.84 DBPP 0.,05% FH-132
7.2% HF 412 in DBPP é}o% Sol.g 0.22% Ha20
10,0% PL 4857 in DBPP(30% Sol.

4,50% Epl Rez 5014
Summary of Resuits

In 213.7 hre no leakage occurred. The edges of seal face have
dark staining but no deposit is found,

Visual Condition

AP1OV Shaft Seal "Bearium" Bronze
Stator, Leakage path from outer
to inner dlameter, The edges of |
the seal face have a dark staining
while the center of the face is
clean, The seal face has a
uniform smearing wear,

800 gl i
Test No. 50 700 : et
SIS
Tester No. C-1 004 8 -~ p—
. ) |
Temp. 225°F 5004 & |- O
. % e I :
S HIE
Timeto == Wt = et
5 grams/hi. L4 L.
¥ g -
300 -~ - £ -
Other S | ;
Stator thickness vari- ., | L '
ation is 0,0003 1in, I { N | ‘
Bearing cage had light A o o " no leakage
wear and copper trans- )5} | g . ) . .
fer to balls and races,
0 L o
0 20 10 60 80 100 120 140 160 180 200
Ao0r0 vre ~— Test Time (Hours\—
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SHAFT SEAL PERFORMANCE EVALUATION

Fluid Formulation OR 140381 -1

76.3% DBPP (A-D)

7.0% HF-412 in DBPP (30% Sol)
10.0% PL-4857 in DBPP (30% Soil)
6,2% Olefin Epoxide

Summary of Results

FH-122
# HaO

co
N\J’!
EN

The seal stator has light stalning and no leakage was observed durlng
test duration of 212,3 hrs,

Visual Condition

AP10V Shaft Seal "Bearium" Bronze
Stator, Leakage path from outer to |
inner diameter, A light rust
colored atain oovers the seal face,
The stator has light wear,

300 ],
; i | i
TestNo. 51 700 404 4 : ; [P
] R R | :
v o '
Tester No, C-2 5004 g _ll cde { L e ‘
Temp. 225°F 500+ &...i e ; .
c 2 : C (.
S ' |
Time to _— 4004 = <4 - [
5 grams/hr, 1; AT !
-
300.}.“ . :
Other
Stator thickness 2004
variation 1s :
'0,0003 in. no leakare
100 4
0

0 20 40 60 80 100 120 140 160 180 200
® 1010 1/a0 — Test Time (Hours)—
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SHAFT SEAL PERFORMANCE EVALUATION

Fluid Formulation OR 140381 -3

80,10% DBPP

7.05 HF-412 (30% Sol)

10,0% PL-4857 (30% Sol)
0.5% FH-132

Summary of Results

2
o,

L40% Cyclohexene Oxide
24% Ha0

The leakage was 1.6 cc in 262.4 hrs, The seal face has staining and

light wear,

Visual Condition

AP10V Shaft Seal "Bearium" Bronze
Stator, Leakage path from outer
te inner diameter,
has a bright copper color surface
in the center with rust colored

stains on each side,

The seal face

the seeal is lightly worn.

The center of

Test No. 53
Tester No. C-2
Temp. 225°F

Time to --
5 grams/hr.

Other

Stator thickness
variation is
0,0002 1in,

" 1010 Yiee

800 g o

e
7001 {--I : : .
6004 é U SURIS

& ! i

~
5004 %+ !

2 |

S [ '
wod = ok

2.4 i

| . :
w4 = -

! : !
w04 - T e
: \ ! 11,6 o leakage in 262,4 hre
w} - oo : N
t
0 | . :
1] 20 40 60 80 100 120 140 160 180 200

— Test Time (Hours)—
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SHAFT SEAL PERFORMANCE EVALUATION

Fiuid Formulation OR 152601-1
78.7% DBPP (A-D) .

3.8
7.0% HF-412 (30% Sol) O.g
0

> 3, “-gpoxycyclohexyl methylacetate
10,04 PL-4857

% H20
Summary of Results

The total leakage was 1,8 oc in 234,8 hrs, No deposits were present
but the seal face has pitting and light wear,

Visual Condition

AP10V Shaft Seal "Bearium" Bronze
Stator, Leakage path from outer
to inner diameter, The center area
of the seal face 1s pltted ana
1i1ghtly worn while the edges have
light rust colored atain and little
wear,

%0 o . :
Test No. 54 7004 'l‘ i : N TJ" '
i oo b
Tester No. C~1 SDO-L 8- e e
& '.
Temp. 225°F 5004 & :
8 i
=N
Time to - 4004~ :.:lL. i
5 grams/hr. .8 by
= i ! '
004~ -!
Other o
Stator thickness zool. S !
variation is | ;
.0.0002 in. B 1.8 cc leakage in 238, 4 nif
004 - -
0

0 20 40 60 80 100 120 140 160 180 200
. ov0 1iee — Test Time (Hours)—
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SHAFT SEAL PERFORMANCE EVALUATION

Fluid Formulation OR 152601 .2

80,0% DBPP 2,5% 4-methylcyclohexene oxide
7.0% FH-412 0,22% Ha0

10,0% PL-4857

0,5% FH-132

Summary of Results

The leakage was 1 drop in 200,.% hrs, Light deposits and stains are on
the moderately worn seal face,

Visua! Condition

AP10V Shaft Seal "Bearium" Bronze
Stator, Leakage path from outer
to inner diameter, The stator
face has a light resinous deposit
on the atmospheric half of the
dynamic seal area, A thin black
stain-deposit 1s on the center
area vhile rust and coppexr color
stains are on the fluid half of
the seal face, Moderate wear is

present,
Boo |, .
Test No. 55 700
=
Tester No. -2 5004 & -
-
Temp. 225°F 5048 -
2
S
Time to -- wod~ -k
5 grams/ht, 8.
. =
= -
Other : - ‘ P N O 1
Stator thickness 1 IR PO RUURNUUI RURNIE! RV OO SO VPR O L e e
variation is 00+ | ; T i : i [
0,0002 1n. Cn i "1 ‘grop 'in{2d0.4 hre, _
1004 - ¢ B! P Y S '
Ly S : ‘
0 | i , , ; | Y|
0 20 40 60 80 100 120 140 160 180 200
no 1070 vee — Test Time (Houts)—
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SHAFT SEAL PERFORMANCE EVALUATION

Fluid Formulation OR 152601-2

8c,0% DBPP

7.0% FH-412

10,0% PL-4857
' 0.5% FH-132

Summary of Results

2,5% 4

0,22%

-methylecyclohexene oxide
HaO

The leakage was 1 drop in 200.% hrs, Light deposits and stains are on
the moderately worn seal face,

Yisual Condition

APIOV Shaft Seal "Bearium" Bronze

Stator., Leakage path f{rom outer
The stator

to inner diameter,

face has a light resinous deposit

on the atmospheric half of the
A thin black
stain-deposit 18 on the center
area while rust and copper color
stains are on the fluid half of

dynamioc seal area,

the seal face, Moderate wear is

present,

Test No. 55
Tester No. C-~2

Temp. 225°F

Time to --
5 grams/hr,

Other

Stator thickness
variation 18
0,0002 1in,

1070 yiee

200

100

G e
"1 drep 'in 200.4 hrs, ~

L q

40

60 80 100 120 140 160 180 200
— Test Time (Hours)—

MONS 036067



=16 -

Metals in Solution (1425235-RLG)

A 24-nhr, LFW/280°F/200 rpm/8 1bs load test using Mueller

Bronze Alloy 603HT on E9310 steel was performed on Skydrol

LD, QL 30. The metal combination is the same used on most

8liding bronze on steel surfaces on the AP10V pump. The

bronze test block was conforming to the steel ring which

allows wear with little change in geometry which i1s more simulative
of pump wear than the 4-ball test. The weight loss results

are:

0.3 mgs on the 603HT Block
0.4 mgs on the E9310 Ring

A 72 hr test under the above conditions will be run too, if
wear is accelerating and to determine if copper solubility
18 accelerating between 24 and 72 nrs,

Skylube 450 (1432159-SLR)

A Skylube 450 production run was made in the W-Bldg,
facilities, totalling 2000 gal in 5 batches, Some plugging
of the final cartridge filter was experienced, but it was
determined that thie was not due to the fluid, but rather
to rust and scale in the system, All five batches were
satisfactory on foam, Pb corrosion, Ryder and 0 & C, Two
additional batches, representing reworked QM-5, an earlier
batch that had been double-charged with amines, gave high
Mg corrosion in the O & C test, A lab reworked sample
gave a good O & C test, The W-Bldg reworked batches will
be further checked.

Analyses (by RAL) on the latest samples of used Skylube U450
from the Northeast Utilities industrial jets indicate
continued satisfactory performance, One engine has over
620 nrs since oil drain.

Stauffer Jet II is seeing considerable service in industrial
engines, The lower viscosity of a sample of Stauffer's used
0il compared to our sample of fresh Stauffer Jet II suggested
that a VI improver might be present in their oil, but sonic
shear and other tests do not indicate the presence of a

VI improver, Analysis of the base stock shows 1t to be a

PE ester of butyric (9.5%), hexanoic (0.5%) and heptanoic
(90%) acids. Analysis of the additive package is incomplete,

We have prepared complex ester salts in which chloromethyl -
phosphonic and methylphosphonic acids replace the phosphorous
acid. These salts will be evaluated in Type II formulations.
We will be looking especilally for possible improvement in
load-carrying properties compared to the phosphorous acid
complex ester salts,
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entative Processes (1432259-SLR

We have duplicated the literature preparation of S5-nitro-
indazole, a 5-AI precursor, Modifications are being studied
to adapt the method to pilot plant size preparations, A
problem which may complicate self-manufacture of 5-AI is
availability of an intermediate, 2-methyl-4-nitroaniline,
American Cyanamid has stopped production of this material,
Central Purchasing 1s seeking other sources,

Nyco Fluids (1432359-SLR)

We have confirmed that addition of our complex ester salt
to Turbonycoil 93, while showing some improvement in 0 & C
tests, does not bring it up to Skylube 450 performance.
Comparisons are shown in the accompanying table,

CRD acids (1432459-SLR)

Enough Cy and Ce acids are purified and sufficient Cs
acids are expected shortly from CRD to prepare a base
stock sample for Ryder scuff test. Inadequate agitation
in the 3-gal glass-lined autoclave will necessitate further
modifications or purchase of another reactor for synthesis
of large enough samples of acids to make fluids for bearing
rig and fatigue tests.

Comp tr £3768 SALIS v Twspsrere 93

OVeresrs P4
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MEI L M A em

Flesd Sy v owve, /7 sl T S Cew L4
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Jembomvene 73 + A-Séer S35
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Santomelt (1405343-JFH)

Technical data is being collected to present to the Air
Force for Santomelt's use at their Tactical Air Bases.
The required performance properties required are:

Qur Results

Immersion corrosion pass
Stress corrosion pass
Magnesium corrosion report

The magnesium corrosion data collected is below.

mg/in?
Distilled water (control) 0.43; 0.39
10% Santomelt in distilled HaO(pH«T7) 384
10% " " o " (pH=10.5) 34.1
25% " " t " (pHm7) 347
25% " " " " (pH=10.5) 320; 343

Since the Air Force 18 interested in the 10% solution values
our data is well within their desired values.

Santomelt for Commercial Use - The three problems facing
Santomelt belore compIeEe acceptance are:

a) Aluminum Sandwich Corrosion
b) Hydrogen Embrittlement/Stress Corrosion
¢) Magnesium Corrosion

The seriousness of the effect of magnesium corrosion is
not completely resolved.

Progress was made in controlling the aluminum sandwich
corrosion by increasing the concentration of the sodium
meta silicate used, At present it 1s a toss-up as to
include the formamide in the Santomelt formulation or not
from a technical point of view, From a raw material cost
picture formamide should be excluded,

A test was developed to evaluate the hydrogen embrittlement
area and to ascertain the difference between stress corrosion
and hydrogen embrittlement. Work in this area continues

in search of a solution,

MCS 990: 75% formamide/20% urea/5% He0 - a deicer developed
y canadlan Dept, ol Transport, ran into hydrogen embrittle-
ment problems in Air Canada's testing, Since we developed
a process and agreed to custom manufacture MCS 990 for
Canadian DOT, we had the hydrogen embrittlement test checked
by an approved independent laboratory, Test results show
the product as manufactured passes but a 1:3 dilution with
distilled water falls.
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INDUSTRIAL FLUIDS (WHC, PDF, PFH, LFS, LRS)

Pydraul Reformulation -
Pydraul 625A

An additive package has been developed to improve the pump
performance of 625A, The V105C pump had a total weight
loss of 20.2 mg which 18 equivalent to the previous per-
formance record (Fyrquel 220-18.4 mg total) and signifi-
cantly better than Pydraul 625 or Fyrquel 550,

A progess amendment to incorporate the additives 18 being
issued.

Samples of the additive version of 625A and Fyrquel 550
have been sent to Alcor for deposition testing.

The oil gear test 1s at the 450 hour mark with no apparent
wear,

The raw materials cost of the latest verslon of 625A is
%1.77/gal versus $1.79 for 625,

Thirty-five gals of Pydraul 625A identified as Batch OR 139046
was blended for laboratory pump testing (V105C).

49,10% wt. Aroclor 5442

9.50! Santicizer 140

0.30% " Santolube TOA

1.00% " Unox 221

0.10% " Benzotriazole
+ 0,02% FC-98

20 ppm DCF 200, 350 cs

The above formulation was tested in the V105-C pump stand
with excellent results, total weight loss amounted to 20 mgs.

Pydraul 5404

The V105E results on an additive version of S40A (TBP and
Cu inhibitor) look excellent, A V105C test is underway.

The tentative process for 540A is being written,
The raw materials cost of 540A is £.87/1b vs, £.83/1b for 540,

Five gals identified as Batch OR 139054 was blended for
laboratory pump testing (V105E).
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39.00% wt. Aroclor 1242
15.10% wt " 5442
32.00% wt Bright Stock 200
11.00% wt TCP

2.50% wt TEP

0.30% wt Santolube 70A
0.10% wt Benzotriazole

+ 20 ppm DCF 200, 350 cs

The above formulation was pump tested in the V105E screen-
188 pump with excellent results, total weight loss less than
ngs.

A second batch of Pydraul 54304 (40 gals) was prepared

(OR 139055) and is now being pump tested in the V105C

pump stand, a portion of this fluid is reserved for an

011 Gear Pump Test éscheduled for late May). 011 Gear Pump,
Pydraul 625A (OR 60697) has now accumulated 500 hrs,;
indications point to a passing test,

Pydraul F-9A

A screening pump test of the Santicizer 711 version of F-9A
is underway. If these results look encouraging, further
properties will be gathered,

Pydraul A-200A

Testing will be completed as soon as possible on the 1242
version of A-200A.

Two non PCB versions of A-200A will be evaluated, Highest
priority will be given to the TCB/5442 blend. The other
will be a Arobromoclor 1232/5442 combination.

Pydraul 312A

After four runs on the computer we have evolved component
viscosities which blend in a linear manner. The latest printout
had a measured viscosity at 100°F within 2 ¢s of the pre-
dicted value, The next round should be within 1/2 cs.

Once the linearization of viscosity 1s accomplished, the
computer program can be used for the calculation of

Pydraul 135, 230, 90 and 540 blends.

The calculated FR level was verified on a limited scale by
full scale fire testing. A blend containing Arobromoclor
1231 was equivalent to Pydraul 135 on the FM spray and hot
manifold, It was better than Pydraul 312 as predicted.

The composition of TCB/5442 and Arobromoclor 1232/5442 blend at
various levels of FR follows,
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Pydraul 135A

It appears possible to remove PCB's by utilizing TCB/5435.
However, the sediment formation in 5435 blends will have to
be stopped. Anniston is working on the problem, Analysis
of the filtrate from a 5435/TCB blend showed a mixture of
mono, di, tri, and tetra chloro terphenyl with about 70%
being dichloro. Anniston doubts these results and is
running their own analysis.

They believe the material to be slightly chlorinated quater-
phenyl. The sample of 5035 sent for distillation by QET
analyzed as 34,2% Cl. Anniston is working on 35-37% Cl
materials., Gene Arnett feels that the specific gravity
changes rapidly enough below 37# Cl to enable process
control to + .5% Cl.
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Pydraul 6254, AC-A, AC-A W.d, 28

Viscosity-temperature curves, Timken loads, relative drop
sizes, and Falex Wear and Load were obtained on the rev-
ised air compressor lubricants for a revised sales brochure,
These values follow:

Timken Film
0.K.Load : Strength
Pydraul 625A 30 11,700
Pydraul AC-A 45 15,100
Pydraul AC-A, .
Winter Grade 28 24 8,600

Listed below are results of Falex Load and Wear
‘Tests on Pydraul AC-A, Pydraul AC-A Winter Grade 28
and Pydraul 625A. Tests were run by the Chrysler
Procedure,

Palex Load Test
Passing Load

Pydraul AC-A 4025 1bs
Pydraul AC-A, W.G, 28 4175 1bs
Pydraul 625A 4250 1bs

Passing load was determined by the average of two

tests.
Falex Wear Test
Wt. Loss,Pin Wt, Loss, Blocks
Pydraul AC-A ) 0 0.5 mg
Pydraul AC-A, W.G, 28 - 0.6 mg 0.9 mg
Pydraul 625A 1.1 mg 5.8 mg
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Mobil DTE 24
Mobll DIE 26

Pydraul
Pydraul
Pydraul
Pydraul
Pydraul
Pydraul
Fyrquel
Fyrquel
Fyrquel
Fyrquel

e

AC-A

AC, W.G. 28
AC-A, V.0, 28
625

6254

550

220

150

300

Drops/ml

37
36
41
39
39
4o
b3
39
37
37
37
37

at 25¢C

The new formulations are completely miscible in all

portions with Fyrquel 150, 220, 300, and 550; Houghto-

safe 1010, 1120, and 1130; and our new phosphate
esters, MCS O30E, MCS O50E, and MCS 0l15E,

MONS

036076



— *
<190 —30 -2 - -B-U--2-0 0 NN NN WNN NN 19 M s LE B ELR_] T
- —F B = -
1 s 1 N o o
L = : Pydraul Measured Viscosities |
in Contiztoles
Pump manulacturers recommenced operating
range between 13 cs. and 1000 cs.
= = PYDRAUL 520
: - PYDRAUL 312
| cr‘:.-"'-.._—-': PYD2AUL 250
—td  : ... . . PYDRAUL1ZS
IS PYDRAUL 20
b /o/' Ad(, 625-4
T 1 11
v T Hl =
v
5 s 3
" =
“a >
= F
s ™ <
© [ =
H > . ay
N — —— 20
3 IR =!
N 2 ¥ (2]
> L] o
v : 2
= ! =
< 3
2 2
: i &
i ] ~ 28
=5 -
1 2 { ! ! i 41 3
153 d , : 19
125 - L 128
x .
2 | ! |
w 1% ‘—E;! 1%
¥ -t »©
o H [ i | ;
& T ~ a7
© d ; - L '
~ [ i ) | i .
~ P ) | I

(L)
CEI=NE(I=33-0-30-0—10 & 10 20 30 48 SO 6070 30 MWICH WS 1M 15 1) 20 W 24 X0 8 e 19 X X4 108 400 78 230 408 4P 500 W25 530 S/ 0P 6~ £0 673 )

TELPERATURE, DIGREES FAHRENNEIT




il eB=-N-30=-1 0 NN NN NN NN XS N N B N 2N N N )

. Pydraul Measured Viscosities
In Centistokes
Pump irers | d ting
: range between 13 cs. and 1000 cs.
i)
— : PYDRAUL 540
v - PYDRAUL 312
] - =zzz PYDIAUL 22
+ L0 SL L. L3 PYDRAUL 135
; PYDRAUL 90 L.
4 O Ty2hve. ACAWAMTER CLNIE
1 T I
“. : 1 1 Y1 il ]y =
w Y - : £ =
% ;: T N ] = 'E
BT T iy s
£ ® \71\ . T : z
= 1 - Y S B ]
b \ {;\-. N ! =
. 194 e Y L1y i
= o NG g T — ¢ 9
R H s 2 s 8
Qs = { T+ et 3
SR B LI S Py
g : ' It e 2 f
2 E
= N il 3
I n i Ny T 262
X \ N v v
I \\“, I ’e
s > 1 ! [T
i R N
1% - T 150N
v !
L3 T ris
x | : | |
S 0 ] i1e
. —
v wi—L t } r!—j“
| i |
[« n
' I
[ =) n d »
- | ]
@ P B “
ZHI=92 110t —0-20-10—10 B 1029 2040 536010 20 3108 129 146 10 WO XB 200 200 20 108 30 10 M0 X0 300 &0 400 440 4O 49 S0 K13 S38 SIS €A 62 €3 03 NG
- TELIPERATURE, OEGREES FAHRENHEIT



T + . ° ‘ * ~
. cet
e Pydraul Measured Viscosities | :
R In Centistokes
3 \J L y ¥ gy A 'H
T Pump S reCor g
T I range between 13 cs. and 1000 cs.
' 1
— 3 PYDRAUL 520
T 1 PYDRAUL 212
1 | PYDRAUL 220
it S - PYDRAUL 135
5o i ! PYDZIAUL 90
1 i J C Procave AC-A
e = e
a %3 LI L 1. : * ; :
- p H : o k23 =
¥ o« 1% &
g x tln %
= 2] T 3
= o
= B 1 ] <
v 1 4 re
o 24
o L e L e
O gei— T :3
S "Ir—r' =
a o 5o o
> | ~
g 40 =
- ]
S e e 3
x n |
10— i LA ;
- 113 p—t T LR \
1% I 1%
g 5~ ‘ ‘ 'ns
3’ 10 T 'u- B
R
90— ' Aid ‘
R B N | "
o T )
3 78— l n
° | |
2 - w
::I!)-Eﬁ—lt-l'-u—!—.-l-il-l 0 1820 3040 2010 MM L9 183 168 L9 200 20 M0 20 238 N 126 MU 360 20 08 129 (O KB UNP KO NS 358 SIS (OB &8 €8I 65 2o
: TEMPERATURE, DEGREES FAHRENHEIT



"

e «X W 0 W B N ® % BN N % W W s B BN ™ w N

L] -
T 3 - - - . P e aiat
el AN : Pydrzul Measured Viscosities
_— R N . . . in Saybol Saconds Umverscl
> he i§k Pump i S r¢ ded
16 008 rers rec
. . | \ range between 70 SSU and 5000 SSU.
se Y - N
e — e e [ B 5N P PYGRAUL 540
oo i1 ¢ ANEAW = : PYDRAUL 312
g ] A N NN o PYDRAUL 230
B T T r\\§§s s=zee  PYDRAUL 138
e + N - “\. AN C:——‘ PYGIAUL 90
] SN EENRN —G—piRAvL AC-A
DN ‘N
I N T iSS -
S - N TS N, -
;:‘ N -] \ \\ "
2 m \\ \k »
£ ow z N ‘af\i\\\\ } 1
.5 NN ,
= ﬁ T NS T NS T s:'
2w LA A TN AN .
E " \\\ \\ \\\\ "©
Zia AU RS ERANAN N o
- N N
g » ] A OGNS %
b R | AN > AN w.”I:\ “
> Y T
o \ l ., \\\\, ). :
AL NN o
NS \.\
- I §§,\ “
‘\§\ l\n:'
3 \Q Q\'.
3] S,
A T
3
38
o
g = :
8 -3 =i =it , 1] » » L k] » n » L ]

VEMPERATURE, DEGREES FAHRINHEIT

e —_]

100 16 120 10 140 150 8 170 106 190 200 210 228 230 143 150 156 270 200 7% JGR 316 )26 330 3O 30

$QN032S WSUIANIN LI0TAVS ‘ALIEOISIA

-ge-




B ——————
B —————

. ) - -8 ¢ - N » s » » N » » = 'u We 1P M I W iN
i DU Y Pydraul Nicasured Viscositics -
e WL N AN . In Saybolt Szcands Universal | | - -
! oS AN Pump manufaciurers recommended operaling
e < 1 N s | SN tange between 70 SSU ana 4000 SSU.
P X . \ \3
15— —} e & === PYDRAUL 540
o rTr N NCTTNN - . . PYDRAUL 312
2634 T ~ hY (RN . c::-____. PYDRAUL 230
Rt : N, x < - o i PYDRAUL13S
) = N\ \ e PYORAUL 30
1 ~ T NG —_—{ D T -
Lo X NS L 625-A -
g . A - L] «@?
;- S i
5 [ N ANRN Z
L
5 x \\ T \ - \\ 3
i N = N N % o
3 NN R g
@ A A S 1 ;:‘ €
3 % . <3 N N ]
S N\ BRNARN e,
& » A3 T B3 Q ES n
o NESANAN 28
1 i ”
3 i i 8
o . g
w N a
“w

BN B -1,
2 0w AN J w
> N oF { &L%
N ~ .
© N ol N “
\\J SN
(%
» > \ a\} w
%,
x v
5] >
Z e
L4 3
23
& i
s " ' ’
& -3 i3 -is . » E ] » “ o “ MM N 10 18 19 18 W 1 168 IO 138 i 200 JIB 220 200 260 38 20 200 286 I3 X4 i€ 29 1M M2 1% : !
o TLiLPERATURE, DEGREES FAHRENHEIT : [
I



VISCOSITY, SAYUOLT UNIYIRSAL SECOHLS

e R RN N E N RN LN
- T . ~
@
ne XY Tl Pydraul Measured Viscositics o
\ ‘J I, °
e - g In Saybeit Scconds Univarseal 9
- ! “\l N Pump mnu!act’uoresr;u recommendggu operating
R %% range betwe and £000 B
oo \ \' | 5,‘ \‘ e en 2
;:;l = - "\ } + c———— P €30 Q
rexh— AN RN A : PYLRAUL 312 £
e AN INLIN e PYDRAUL 220
SN R TN o i pIomauLLss
o O N G PYDRAUL 90 .
" N\ . N O FrORACC AC- A Y/ rel GRAN:
K9 N\, \ l\ €
[ N < N ! L] ﬂ
*» \\ - < N \\ 1had g
X 1. i =
- \ \ \ \ PY ;
. \‘.«‘ \‘. \ c b °
. \ O, \ N \\'\ l ! g
. A N ‘e
ﬁ ! Sl K N S\ : g
» T NN N N . &
X T S RS >
« ! ANAN X 2
! Ny - < N 1, §
» X TN y Q
" Y \\ \\ Q'e'.\) | ™ '2
: < s
s §'§’L\ =~ N \ 3 | o
\ . .§ \;
" AN Ni “\
7o v hd
S
: \ \"c.
R |
»
»
n
-0 =1 -N . » »n » - % o N B W W ue

mus e W X

Ay

16 100 190 N8 N6 NG 1N MO N0 I 20 NS 156 2N 30 1N I8 e N




31~

German Mine Fluid

A Tentative Process was written for Pydraul 281, a revision
of Pydraul 280 which provides improved low temperature
performance and eliminates the use of Aroclor 1260,

Fluid Recovery and Reclamation

Initial work to assess recovery of Pydrauls from customer
effluent streams has been started on samples from Johnson
Motors, Central Diecasting, Lester Castings, and Timken
Bearing Co. Qualitative results indicate large amounts of
8o0lid material present with the oily layer. Filtrations
have been difficult and relatively large amounts of fluid
remain with the solids. This work will continue to provide
more data on quantity and quality of fluid recovered as
well as suggesting methods for recovery.

%grbine and Air Compressor Lubricants

uropean eam Turbine Control Fluld

Samples of Gelgy Reolube TF 90, Reolube KHYD 110, and tri-
xylyl phosphate were screened for possible use as steam tur-

bine control fluids in Europe, Of these the TF 90 material
was considered the best candidate at this time,

Tests run to date included 350°F O & C, beverage bottle
hydrolytic stability, and a screening pump test and wick
fire tests on the TF 90.

MCS 979

The field trial at the AGTL Cremona station has passeq

800 hours with no problems. The inner bearing on the DeLaval
booster has reached 192°F on several occasions and AGTL is
keeping a close watch on the situation. Tom Oneson has
requested us to formulate a lower viscosity fluid in antici-
pation of warmer weather,

We would then be going back to essentially the same fluid
as MCS 974, Perhaps an AIT enhancer could be utilized to
upgrade the FR of MCS 974 but 1t is roughly equivalent to
Pydraul 135 now,

Water/Glycol Fluids

A Tentative Procese for Santosafe W/G fluids bilending using
Carbide concentrate and thickener has issued., A capital
project for equipment to blend these fluids at JFQ plant has
been approved,

A/possible relationship between lubricating properties of
W/G fluids and the cloud point at higher temperatures has
been checked. (polyglycol thickeners have an inverse sol-
ubility and come out of solution at higher temperatures.)
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Results of this work presented in the following table indi-
cate factors other than cloud point temperature affect lubri-

cation,
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Phosphate Eater Hydraulic Fluids

Pump test results on the pillot plant prepared cumylphenyl
nonylphenyl phosphate ester are listed below,

MCS-050E (OR 142228)(NCPDPP Ba. #1)- 220 SSU which was pre-
pared by D. L. Kocher was pump tested in the V105C pump stand
with excellent results, Total weight loss was less than

20 mgs which 18 comparable to Fyrquel 220,

MCS 050E (OR 139050) 220 SSU which is identical to the above
formulation, but using Pilot Plant Batch #2 (NCPDPP) was pre-
pared -

65% NCPDPP Ba, 2
35% TPP

This formulation 1s presently being pump tested in the V105C
pump, Preliminary inspection indicates a reproducible test.

V105C Pump Stand "J" is presently being modified for testing
phosphate ester fluids. MCS O30E 1s scheduled to be pump
tested in this stand; start-up is scheduled week of 4-26-70,

Phosphate Ester Hydraulic Concepts (1315635-RLG)

Two base flulds NCPDPP and OXDPP, one fluid with a surfactant
additive NCPDPP + 0,04% FC 98, and two competitive fluid
formulations Fyrguel 220 and Fyrquel 150 were investigated on
the Boeing streaming potential apparatus.

The results indicate that Fyrquel 150 and Fyrquel 220 are
similar in streaming potential and wall current while NCPDPP

has lower streaming potential and higher wall current, The
addition of FC 98 reduces the streaming currents and potential.
OXDPP has stream currents similar to the Fyrquels, The attached
graphs have streaming potential and wall current data vs.

volume flow rate through the apparatus.
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' Thermal Stability of Cumylphenol (P.P. SPL. 37) (H. Luebke & E.Emery)

INTRODUCTION v

Thermal stability data for cumylphenol were requested to provide
process safety information for operation in the Pilot Plant. A
maximum pot temperature of about 280°C is used for the distilla-
tion.

SUMMARY

The thermal stability of a Pilot Plant sample of cumylphenol

(Spl. #37, 3-5-70) has been determined with the Monsanto built
pressure DTA apparatus. The experiment was run under a nitrogen
atmosphere. On)y a very minor exothermic reaction was observed
above about 280°'C. Gas evolution was detected at about 210°C and
a rate of 0.4g - millimoles/min/Kg (9cc/min/Kg, STP) was measured
at the maximum proposed pot temperature of 280°C. A plot of gas
evolution rates vs temperature is attached. Gaseous decomposition
products were identified by GC/MS as carbon dioxide, methane and

2 and 3 carbon hydrocarbon fragments.

We foresee no serious process hazards due to thermal decomposition
of this compound. The rates of gas evolution are low and the

slope of the curve is quite flat, indicating a small temperature
coefficient.

Reference - DTA #70-28
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Marketing Support

Citgo FR-23

A recent Citgo fluid similar to Fydraul 312 has been
characterized as follows:

1) 65% Aroclor 1248
13¥ Phosphate ester; 4% triphenyl
9% cresyldiphenyl
10.5% Petroleum 01l
(Same W & M distribution as found in
Citgo CHX-604)
1.5% VI improver, (same type as found in
Citgo CHX-604)

2) Ccitgo CHX-60% Citgo FR-23
vis at 100°F, cs: 70.93 71.6
Vis at 210°F, cs: g.lea T.67

vV.I, 48,4 71.5
Sp.G. at 25°C 1.28

3) FR of subject sample as defined by the 'Wick Test!
-(insufficient sample for normal FR determinations)
indicates an improvement over Citgo CHX-60% which
vas in turn rated a definite pass by the F/M Hot
Channel and H.P, Spray tests,

Basically we are dealing with the same components as
found in their earlier fluid, CHX-604, The increased
FR noted 1s undoubtedly due to less petroleum fractlion
as compared to the earlier fluid, (See 10/9/69 memo
WRR from PFH)

Both of these flulds are in the 300 SUS range; however,
the VI &8 of FR-23, is roughly 20 points higher indi-
cating a more potent VI improver and possibly more
shear stable slnce 1t was reported that sheardown wvas
a problem with the CHX-60% fluid, We do

not plan tc characterize the VI improver at this time:

It 1s our opinion that they have incorporated morc
potent and possibly a morng gshear stable VI improver
and have reduced the oil contont to achieve similar
viscoszities,
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Hamworthy Compressors/Pydraul 625

Three compressor parts from Hamworthy Compressors
were tested for compatiblility with Pydraul 625 and
Pydraul 625A, The parts were of a perspex compound
and the results were negative,

The parts were cut in half and then partially
immersed in each fluid for 168 hrs at 158°F, -

The parts did not change greatly in dimension but
some dissolving did occur, This caused the fluid
to become very slimy. Another part which was a
ga;kec for a flow meter became very swollen and
soft. :

These parts would not be recommended with either

fluid.

Recovered Pydraul 312/G.M. Bedford

Recovered Pydraul 312, Findett lots CF 56 and CF 57 appear

to be nearly equivalent to new Pydraul 312 as judged by
the Factory Mutual Spray fire test.

Pydraul 135 Acidity/Republic Steel

Laboratory degraded Pydraul 135 and new fluid were furnished
to R. R. Klinge of Republic Steel to serve as standards for
measuring fluid acidity.

Attachad are tymlecal titration curves for these two
suaples whdch indleate the differances crxpecisd as fluid
is degradad,  The ALDND D-654 proccdure was followied uith
the end neint token at pll 11, Tobtal acid numbers (IWN)
in nillizrnas of KCI ner pram of fluld swera calevloted
to be 0.17 for ncw fluld and 0.29 {for the degraded fluld,

Two charactericiles are noted for dagraded fiuid, The
initial X drops leuer and may eventually rmet into the
strons acid roslon bolow wil 4. Alfo, wmore teak nclds
are baoing fowracd and the ¢itratlion curve flatvens and
extends to pil 11,
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Assistance to Manufacturing

Recovered Aroclor 1242 for Pydraul Blends

Specifications for Aroclor 1242 returned by G.E. and
Westinghouse for use in Pydraul blends were suggested
(see following page). Steps are being taken to allow the
plant analytical lab and manufacturing department to work
directly with Findett on approval of recovered fluids for
use in Pydraul blends,

Pydraul 320 Customer Complaint

Gross separation of Pydraul 320 was reported in Japan. This
appears to be caused by exposure to low temperatures, About
45% 18 in the top layer and 55 below. These layers remix
readily at room temperature (75°F). Fire resistance of the
two layers as judged by a pipe cleaner wick test is similar
to the complete fluid. Interim recommendations will be to
remix fluld at room temperature before using, Further
attention will be given to this problem as these fluides are
reformulated to eliminate PCB's.

Pydraul Acidity Specification Limits

Currently produced Santolube TOA has a slightly lower acidity
than the o0ld Santolube 70, This results in problems meeting
minimum acidity spec limits for some Pydraul blends, Each
0.1% of Santolube TOA contributes 0,05 to 0,06 TAN to acidity
of finished fluid., Specification limits will be changed as
needed.,

MONS 036099
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RECOVERED AROCLOR 1242 TENTATIVE SPECS
FOR USE IN PYDRAUL BLENDS

Color, ASTM D-1500

Appearance, visual

Neutralization Number,

MgKOR7/gm

Moisture, KFP in methanol

Sp. Gravity 25/25°C

Viscosity, cs at 100°F

Oxirane Oxygen
GLC Analysis

a)

b)

c)

Recovered Recovered JFQ
Aroclor 1242 | Aroclor 1242 |Method
for use in restricted No.
any Pydraul to use in
or Santosafe Pydraul 312

and Santosafe

300 Series*

1.0 max 3.0 max -
Clear, light Clear, yellow 16-B
yellow liquid |1liquid free
free of sedi- |of sediment,
ment,

0,03 max 0.03 max 80-E

* % ' 1)
100 ppm, max, |[100 ppm, max, 78-F
1.380-1,395 1.350-1,395 216-F
16.1-18.6 16.1-18,6 126}
0.1% max, 0.1% max, hidef
< 0.2% max area
low boiler peaks
near new 1242
peak envelope.
no low boiler same

peaks far re-
moved from new
1242 peak
envelope.

other peak
typical of new
1242,

* Includes Pydraul 312, 135, 790, 230, and 320;
Santosafe 300, 150, and 100,

** Water contents as high as 180 ppm should make
Pydraul with acceptable moisture and appearance;
howzver at this water level Aroclor 1242 alone

is very cloudy.

### procedures to be supplied later.

being run by Research,

Currently
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DIELECTRICS

Biodegradable Capacitor Fluids (R, H. Munch)

A modified Aroclor 1242 designated Aroclor 12428 has been produced
by fractionating Aroclor 1242 to reduce the penta and tetra chlorinated
componenis to a minimum value. The new product has only . 16% pmta,
2.3% of the amount in standard Aroclor 1242 and 16. 3% tetra, 67% of
the amount in the regular material. Biodegradahility data for the new
product are tabulated below along with similar data for standard Aroclor
1242 for comparison.

Biodegradabilit

Peak 1 Peak 2 Peak 3 Peak 4

Aroclor 1242
Amount Remainin Nil 66% 64% 42%
(after 1 week
Aroclor 1242B
Amount Remainin Nil 10% 33% 1%
(after 1 week%
These data seem to indicate that the Aroclor 1242B is significantly more
biodegradable than Aroclor 1242, The attached sheet gives the specification
properties for Aroclor 1242, Those which have been determined for Aroclor
12428 are given on the same sheet. These data indicate that the new fluid
could be substituted for the old in capacitors with no modifications in capacitor
design or processing methods required.

Arrangements have been made to produce 500 to 1,000 gal. of the Aroclor
12428, The fractionation is to be carried out in the Dayton MRC pilot plant
because no suitable still exists in our St. Louis pilot plant. The adsorbent
treatment will be done in the 5t. Louis pilot plant if the truck strike docs
not interfere. The large sample of the new product is to permit use tests
in capacitors by our customers.

Preliminary work indicates that a product having amounts of panta chlori-
nated biphenyl too low to detect and tetras reduced to about 1.3% can be
produced by fractionating Aroclor 1132. The fractionation must be done 80
as to reduce the concentration of the 4,4' dichlorobiphenyl isomer to 2.0-
2.3%. If this is not done crystallization takes place. Further work will he
done to determine the best procedure for making a product of this type. -

MONS 036101



L oa

—_—

N
Focs r (‘ o ;luoucr ' '50" ogrr,
quIJ e . .
‘ oRBANIC CHEMIC ALS owvision — Aroclor lzfi;bflec‘::;‘cal C'Ti:‘ic 246 27 L
\NNISTON":AND - KRUMMRICH. WGK, Ann, 81101 - 82612 ] < lea
FINISHED PRODUCT DATR LFFRCTIVE VALLS CODC
SPEZCIFICATION 6/17/66 1040-240-04/11/ 16-02/09
APPHOVALS

| PRoouETION WESKARCH

, P. E, Heisler R, W, Bucknell

. FALT CUALITY CONTHOL (Chisl Chemiat) O, L., Lolin
V. E. Ault W, J. Gresham ‘

SENCAAL.OLICRIPTION
sttt ar——————

MO WY,

Also.. known as Pyxjavnol 1499 .

St B CHEMIC AL FORAMULA

SUPRRSECES 3FRCT, OF
4~ 62

SAMPLE FOR ANALYDIS

illluuo ay

- 3 x 5 pt, Amber Bottles J. P. Prader
EMARACYERISTIC . ot . Limve METHOO
oy LY Anni
UNRESTRICTED INFORMATION . I 1 "1‘ —_ =7 WGK - Anniston
(R) Color (APHA) 40, ‘max, -10084 14-44-54
(R) * Condition . !.Clear 10084 G-1
(R). Sp. Gr. @ 25/15.5°C, T.01,381-1,392  [3,7 10114 14-49-54
{R) Acidity (mg. KOH/g,) ) 0. 010, max. 710087 14-42-54
(R) Moisture (H;O) ! 35 ppm., max, 10620 14+53-54
(R) Refractive Index 325°C, 1,6240 - 1,6260 '1,¢=2l 10125 14~34-54
(R} Inorganic (Free) Chlondel 0 05 ppm,, max, - 12741 014
CB.) Pour Point ' -14'C or Lower — 4 < 10115 14=47-54
A Dteleccnc Constant 4 70 - 4, 90 q,;.g,((,,11608 14-36-54
H (1000 cycles @ 100°C, ) A co
{R) " Resistivity ‘500, min, 14 mm’neov 14-35-57
; , (500 VDC @ 100°C. 9. 1" Glp) o e ,
As OHM-CM x 10 a,‘;'l;,.b.,,.‘,w“ Load P
{R) Hydrolysis Stability Test 0 5 ppm, max. o 12672 . 09
.(As Chlorides) _— - . .,
(R) Monsanto Stability Test 0 4 PPM,, max, . 11503 14-61-57
! (As Chlondel¥ i . ) R . oo
| (R) Distillation Range = B R U0 P ¥ 14-31-54
(ASTM D-20, Corrected) Lo : .
10% Distilled by wt, . 325°C,, min, 314 <
90% Distilled by wt, +-360°C,, max,’ 3‘5‘7 %
Sulfates " None . 12169 --=-e-
. ¢ Dielectric Strength @ 25 C, 35 XV, min, "o, 11605 043 ,
. ..Flash Point (*F) . ~338°- 392, . ) 10123 - 14-28-54
Fire Point ~.None. ) 110123 '14-28-54
. . Gorrosion Test . 5,, N oy, 10126 14-55-57
(6 hrs, @ 210°C, with brigm Wt : 3 ' .
aluminum foil) L Lo
. Change in wt, of AL % 0.0 a - Lo
-~ A,C. Color ({APHA) . 60, max. 10084 . 14-114-54
A.C, Condition ¥ T+ . Clear 10084 G-1
A.C. Acidity (mg, KOH/g.) 0,010, max, . 10087 14-42-54
A.C, Inorganic, (Free) 0. 05 ppm., max, 12741 014
O ’ " Chlorides \ L
~+ Visc, @ 100°F, (SUS) - 92 .o 74 .{5,/5 10086 147 4-52
B 4 ( (Over), . e
. f MONS 036102
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' GENERAL INFORMATION

Specific Heat @ 25°C,
Coecfficient of Expansion
(25 - 65°C) '
Fixed Chlorine : Coe
Powor Factor @ 100°C, .: -
60 cycles
1000 cycles

+0,30 o
0,00068 cc/°C. '

42,5 - 53,5% - - 41.3 Do
.( Typical Values)
- 01

0,30

SPECIAL CUSTOMER REQUIREMENTS R

General Electric

.

.Thermal Chemical Chlorides

Westinghouse

- Hydrolizable Chlorine
- (Westinghouse Stability Tast)

.\
1 ot
N 0
.
.
.
v
1)
¥l
.
e .
‘ .

"’ 0,65 ppm,, max,’ 12722
.o : o

“"1,0 ppm,, max.” T-2219
S )
O
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Synthesis of Capacitor Fluids (1630459-QET)

n-Butyl pentachlorophenyl ether, synthesized last month, had
an unexpectedly low power factor along with a reasonable
dielectric constant, We are following up this lead by pre-
paring butyl ethers of various lower chlorinated phenols and
by modifying the alkyl group in pentachlorophenyl ethers,
Compounds prepared to date include n-butyl-2,4-dichlorophenyl
ether n-butyl-2,4,6-trichlorophenyl ether and n-heptyl
pentachlorophenyl ether. The latter melts at B°C while
n-butyl pentachlorophenyl ether melts at 16°C, The relatively
Righ melting points of the pentachlorophenyl ethers indicate
a necessity for use of mixtures or a significant modification
of the alkyl portion of the molecule to lower the melting
points.

Capacitor Fluids (RWW)

A second batch of dichlorodiphenyl ether (3 Kg) was prepared,
Yield 18 considerably improved (70%) but all too low. Ailr
sparging after chlorination is suspected to cause polymer
formation. This will be checked out on a smaller scale
preparation,

Electrical properties for chlorinated a-methylstyrene dimers

are attached. The dichloro derivative showed good resistivity
and dielectric constant; however, the pour point is much too
high, We will try blending to improve low temperature properties,

Aroclor Defense (RWW)

Only one experiment in the hot tube without catalyst was run.
Very little isomerization of #4,%'-.dichlorobiphenyl was noted,

A Suggested Procedure was written for bromine recovery from
HBr off-gas in Bromo Aroclor production, The process
comprises scrubbing demisted HBr with agitated calcium
hydroxide slurry to pH 4-5, oxidizing with chlorine and
steaming out bromine. Saturated bromine with 0.05% water is
withdrawn from bottom of receiver and dried with activated
caloined alumina to 20 ppm water level. The aqueous supernat-
ant from the receiver 1s recycled, Overall bromine recovery
will be better than 98%, This process is preferred over oxi-
dation of the much more corrosive HBr,

Industrial Hydrablic Fluids and New Dielectric Fluids

A new batch of Bromo Aroclor 1232 1s prepared by bromination
of Aroclor 1223, This material exceeded desired Aroclor
equivalence (~-1237) and will be blended in new Pydraul 312,
Properties are summarized in Table II. This material will be
purified and tested for electrical properties.

MONS 036104
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Dielectric Liquids - H, Vodden, C. Coleman - RUABON

60,32 T5205
Lleoty: luids Cih

A visit to tlcufil, .urich elucidited the s tuntion in r..pect uf tneir
licenowes, Voultusy lnils 4re alrusiy .n ;Toduction aud #ese sald W Le using
s roduleo im regnunts. slektroslrije) veograd nre not in | roduction ' tre not
expecied Lo be for jeriaps . yours. .cnussl, ltely and .ivacuiy . tin nave
no connection with .doufil,

Py Lughurost wab visited to fina out the rves n (vl their ciweontont
with : ousunto. heir auin resucn wal the alleaculy Liph V1saioetion ru.ctors
obtained on drw. deliveries ol .rocior 1248. !ise sau sas to b Al her than
on coujetitive products from dayer and .rodelec, and also to be hijhur than
the vulus of l.., quoted as « typicnl valua in our .. cveober of a8
at Yuve, HUlz wus saic to have been ublufned on 2..0.77. ©wwe ll ewB houamt
backy and wltlhiough the revults on e are not coaclusive, bLis, laie Lo incicate
thut our cassipation fuotor is higlier than ias Cusirable or ex.ect:ds 1t is
recomunendeu that the cistipzation fuctur of future Cludsiteciite L Lile Cuntoner
shculd Yo cavckud before btwing nis, vicheu 8o thit we <ney i volur 1t tois stare,

twn JCL MkYi1l dlelcetr-¢ tuat cclic nave veen ,.ray.veu for Jiu.sto!: to
Adeuvy -~lectriouls, lncias This exhsusts our present viock sni 1t 1n not
projosed to have any more ande becnuse of the chun e over ty 't Lhe - unech
wethod of wessnremont uadn;; tic Lialebagyr cells,

160.12,022,44
sleckriocsl  lpstic Filmse

A further aeeting =itn usul tocr :lsce in _onurn cn 1ie%efide it ane geein
paplisw.soa that Ll regyuire lonsanto oet specifiontions for ;wl/ rm cuvw film
pworuwe of tue cout of their cevelo.uaent work. 1t wa3 . ree. v thie woula be
coapleted wy the end of April.

In the weantime we Lave experiencwd 8 wettack in the testins .f thae
coiatibility of the 5C. expur:.mental swa;les, Leck of re;rsu.c.!ility «ne
obtained abd the ceuse hus been truced to the elcctrode cluaniie sosuence, hut
not pusitively identified. s 8 temporary ex, c’iunt, vide tuc  roestiar argeney
of this work, the teat is being oarrieu out usiiy the i cell.

veme ! i tteir
enpncl tor wandings impregnating neu testing equdtent. a3 v riaadt ol tueir
recomuetutions, Pilncaps near sdabon Yud visdted in cruar to o e des.
of windin sachine in operation. Jaers aucuunes o enr e f /M) war
fareseouble o aPuaenes Votic oo lacties Tl et >

4 ovaedt Lo Ll ooearchy wondon ves made for the purpunu of do-d

LAV T NG L T,

I TRTSE THNYS ANTORTHINIETY GEVCINS RUIE L NIOP NS [T O IRV CtV PR LYIELE s S O T SR 98 TR
amaot yot roall.
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160,12,022:44
slectrion) Slastice Filus,

oM ;- TOgTUSS has baen naue on teoting the sanples subnitted Y; 1l wnd
12 sumples out of 44 huve besn tested to unte. lour repeutnbility is being
exerisnced und present afforts are direct.d to find the oauss ~f thio,
wissipation faotor is deirn menasured at 500 wolts becuuse the sennitivity of
tho Gnwood bridge is insuffioient at 50 volis. lelivery of the .1 71 bridge
is avalted.

A noeting with LCL took place on 17.2.70. whey wauted det.dla of scute
to equip thensolvee for onrrying cut a complote ranre of tustu oa their electrioal
filns, inoluding comyntibility with sxroclor. They alwo intend to sot up a
oapacitor testing operution. Thwy ywquire from Honsanto n oosjplete epecifioation
for slsotrical rila so that thoy can mnnufacture 1o thise  Thuy nluo require
liousanto to tell them the tidckniss wna type of f.1m where tho lurket o.ortunities
will be anst favouradle, bouring in nind that they are late ‘n tihe field una
their aoupotitars have alrveady catabliihed thanevwlves in thicknwsnes of 1\ mioroms
and above. They inolune to the view that the gruat.st o ,crt.nities lie with
oayscitors with a single layer of metallised film dut im,.rugmated rutier than dry,
They are jpartioulsrly intereated in Monuanto's develommonts in limuids that are
suitable for use under self-healing oonditione in such cspacitors.

“incellaneous levelopments.

A visit to LitA discloewd that negligible proyrees has heen thue on our
privately-sponsored prejeot to teat MUS 717 and an Aroclor 1242/45% blanu 4n
polypropylens film ospacitora. The reason yiven was dwleva i Actting up their
im, rognation aystem. 'he resulte were promiend for the end of April,

Obe sspect of their generally=sponmored project covers the tueting of
noavengers in askarels, In addition to the small sample of ) yranol 2 that we
have supplied; they will require a qumitity of 40 - 50 gullons for larser trials.
A% present we are unable %© eupply thie bocause it is ton muoh to sup, ly from
the laboratory snd no pilot plant is available.

A sotorn,

Three further modified sunples have Leen received f.r clectricnl tests.
We wexe told that attempts to refine tue previous sample nave nut been
suooeseful.

B NS Co ee_nork
A sweting of PHA SQLE4 wac attended in london, Thia meeting was mostly
conoorned with stlioone fluids.

A 2 day meeting of BITA in Frankfurt was attencec, Thim was solely
concerned with toxicity problews and the rwtter of apecifications, w.ich enncerned
»rdelec, wvas not disoussed. Jay intends to aerl with th:re anticer by

ocorreepondence.
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BEVLEEN Y
Al bl Ul anve haent vt careelar e e bt s e gee figioe w4 e
CATTICL Ul OVOD L1 Next Yow Hig e et e PUOEILS 0 Nl a e L Loule
vooatsucu LRI Wae 10Ut Lo weene. B
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Job No. 760.12.722.51.
Electrical Fluids CTS.

The following customers were visited:-

1. ICAR, Monza, Italy: They have tested our impregnants A275 and A230 in
their aluminium metallized polypropylene film capacitors and the results
are unsatisfactory. It was found that corona discharges oroded the metal
coatings resulting in a reduction in capacitance during ageing tests.

The mechanism of this effect is not readily apparent and further
investigation is required.

2. Zanussi, Pordenore, Italy: They requested further information to enable
them to change from Aroclor 1254 to 1242, They also want a sample of
purified Unox 206 sufficient to 'dope’ 25 gallons of Aroclor 1242 for a
trial. They do not use polypropylene film.

3 CGE, Milan, Italy: They prefer to continue to use Aroclor 1242 from the
USA. They use P2 for motor capacitors using paper now but are looking
at polypropylene film both metallized and non-metallized, They are
expanding rapidly and may produce power factor correction capacitors in
the future.

4.,  BICC, Helsby, England: Met Richardson during a visit for another purpose
and he asked if I knew about a new Prodelec product culled 'Metaline! with
a DK of 4.2, He also mentioned that Newport dissipation factor reacings
were high compared with theirs, 2 to 3% for Newport corresponding to
1 to 1.5% at BICC.

5e LIFASA, Barcelona, Spains Requested further information on design
of a purification column and suppliers of components for a measuring
system. A small manufacturer, but highly advanced technically, who
uses Aroclor 1242 with Superad.

6. Bianchi, San Sebastian, Spain: Having problems with dust contamination
8o wish to defer change to 1242 until these are overcome. Requested
details of automatic machine for injecting epoxy resin capacitlor seals.
Wanted further visit when they change to 1242 said to be 8 months hence.
Advised them to run pilot trials to test sealing. Don't{ use polypropylenc
film.

MONS 036108
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7. Fecha, Madrid, Spain: Having so much trouble with Aroclor 1242 that
they are considering changing back to 1254. Use Superad with Aroclor
also, = Have made trials with polypropylene film from La Cellophane and
Kalle but not using it at present. Personnel difficulties are hindering
progress.

8. Cenemessa, Cordoba, Spain: Introduced Pyroclor 5 and after initial
adverse reaction they appeared to accept what satisfactory experience
of Westinghouse Canada indicated that it would be acceptable. Will
place an initial order for trial quantity and make measurements on a
transformer. Requested information on a source of supply of epoxy
resin impregnated paper for transformers.

BEAMA Conference on insulating materials held at Earl's Court, London
during the Electrical Engineer's Exhibition was visited and a paper entitled
'Transformer Askarels' was read. Only interest was {rom Castrol! Other
papers on polypropylene film in capacitors aroused considerably more interast
and many capacitor manufacturers from UK and overseas attended.

Laboratory work: The following TSLR reports have been issueds-

. L7003-1611: Heavy Electricals, India - Assembly and calibration
of 2 MCL MkIII dielectric test cells, This exhausts present stocks of
components and it is not proposed to order further stocks in view of the
change to the Munch Method,

17001-1611: Insulating Sleeves and Tapes Ltd.
L7001-2711: Westinghouse Brakd and Signal Co. Ltd.
L7002-1711: Bruce Peebles Ltd,

RTW and ADM visited Newport plant for 1 day and 4 days respectively in
order to carry out tests using their ESI 701 bridge and compare results obtrined
at Ruabon. This is part of the project to attempt to reduce excessive
variability now being observed at Ruabon when following the Munch method of
messuring dissipation factor.

Job No. 760.12.022.44.
Electrical plastic films,

The work of testing the BCL samples continues and about 30% have been
completed. In view of the difficulties in obtaining reproducible results
with the Balsbaugh cells and thc low rate of testing, we have temporarily
reverted to using the MCL cell and cleaning procedure. The solution method
No.2 is still being followed.

We have been given a suggested limit for compatiBilfty of ihe film with

Arcclor using this method, bui the other properties of the {ilm which are
required to draft a specification for BCL are still in doubt.
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The visit to Italy was made in the com i
pany of Mr. J.L. Linsley-
BCL who provided some samples of 8 micron film for the 3 manuracts‘;"e?:(’d o:

further sample of 8 micron film for ICAR is sti i
: i till awaited f .
did not give details of their requirements or prices paied. rom oL TOAR

There was no serious re

quirement for fi i i X
manufacturers visited. Im at this time from the Spanish

BICC have offered us at scrap value 2 windin A
d machines th
longer require and this is being followed up. € Bt they no

(R¢

ICAR Metallized Plastic Film Capacitor Fluid (RHM)

Icar has inguired about the availability of 2-butoxyethyl-2-chlorophenyl
ether and 2-dichlorophenoxy methyl tctrahydrofurén, presumably for
trial in their metallized plastic film capacitor project. These are fluids
which Monsanto patented as dielectric fluids. lcar apparently discovered
our patents while searching the patent literature locking for leads to help
solve their problem.

1 have secured copies of our patents and read them carefully. I find that
the 2-butoxyethyl-2-chlorophenyl ether is listed as having a dielectric
constant of about 5.8 and a power factor of 0.3% measured at 100°C and
10K Hez. It would therefore probably have a power factor of about 60%
at 100°C 50 Hz., The 2(dichlorophenoxymethyljtetra’ ydrofuran was
found to have a dielectric constant of 6.3 and a power factor of 1. 7% at
100°C and 10K Hz, or about 340% at 50 Hz. If my assumption that Icar
wants to make capacitors for use at power line frequencies is correct,
they would have no interest in such a material. Moreover, neither of
these maicrials is available even in sample guantities.

Because it has been our feeling that minimum gassing under electrical
stress was one of the Important requirements of the Icar application, we
have subjccted a number of our materials to ASTM D2298-64T which

is dcsigned to determine stability of insulating oils under electrical stress,
The data obtained are shown in Table I. Included in the table are data for
Dialla Oil, a transformer oil, and Wemco C, a capacitor oil. Duplicate’
runs werc made for each sample. The table gives the initial dissipation
factor and rcsistivity for each sample, the dissipation factor and resis-
tivity for cach at the end of the cxpcriment, and the average gassing co-
efficient in microliters per minute (AGC).
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The data in Table I shed some light on the problem of selecting a fluid
suitable for use in a metallized paper or film capacitor where the capaci-
tor is expecicd to be sclf clearing by burning the thin cvaporated film
away from the area of a short circuit. There arc two rcquirements.

First, minimum dcgradation of the dissipation factor and resistivity of
the fluid. Second, minimum gas formation. If the degradation of dis-
sipation facior and resislivity is too grcat the fluid in the vicinity of the
fault will become conducting and the capacitor will fail completely.
Data in the table show that the resistivity of Aroclor 1242 decreased by
a factor of about 6 x 10° in this test. This is the reason a chlorinated
impregnant is not suitable.

The other requirement is that the amount of permanent gas formed rluring
. the clearing process must not be enough to form a permancnt gas bubble
which would lcad to breakdown. Thus, of the materials listed in Table I,
Dialla Oil would be the least desirable. HB40, and mono isopropyl
biphenyl would be relatively desirable, with HB40 being the more desir-
able becausc its resistivity is less degraded than that of the mono iso-
propyl biphenyl.

Of course other factors would influence the choice in practice. There
may also be somec question as to the validity of ASTM D2298-64T for this
purpose. However, I don't know of a better test except capacitor manu-
facture.

" I believe that we have done 2bout all that we can do to help Icar in their
search for an impregnant, If we want to try to do more we should have
direct contact between their technical people and ours to make certain
that we have corrcctly understood their problem.
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A
TABLE I
STABILITY OF INSULATING OILS UNDER ELECTRICAL STRESS
BY ASTM D2298-64T
5
‘Q,{p; [ 2F
D.F. @ 100°C 60 Hz Rs, 500V 100°C ¢ ? -
Initial Final Initial Final AGC
Dialla Qil . 00054 .09936 519 x 1012 41 x 1012 91.9
(Transformer Oil) L11136 .44 x 1012 90.3
Wemco C .00072 .01374 52x1012 4 x 101212 58.6
(Typical Capacitor Oil) .03918 1.4 x 10 60.2
A-215 (Alkyl Benzene) .00012 L041% 28,349 x 1012 09 x 1012 22.1
.50844 1.27 x 1012 22.1 &
. t
. 12 12
Mono Isopropyl Biphenyl .02910 L167% 0.74 x 10 .01 x10 1.6
L161% .01 x 1012 2.4
12 12
HB-40 .00102 .60120 393 x 10 .25 x 10 1.6
50628 .31 x10!2 1.6
x
[=}
z 12
Aroclor 242 . 00060 . 58%x 170 x 10 . 00003 x 1012 1.6
o . 59%x .00008 x 1012 1.6
o
"~
o
~ * Measured at 1K Hz

*% Measured at 10K Hz

.
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AROCLOR DEFENSE (EST)

PCB, chloride, chlorine and total organic chlorine analysis
of the gas samples collected during the thermal oxidation
studies at the John Zink Co. established that Aroclor 1242,
Inerteen PPO, and Aroclor 1260 can be successfully dlsposed
of in this manner, The preliminary data has been sent to
CRD and a report 1s being issued,

Sixteen sediment and water samples have been received from
WGK for PCB analysis. Their analysis will be completed by
May 15. The WGK analytical laboratory has ordered the neces-
sary gear which will allow them to do their own PCB analysis
and are scheduled to be on stream by July 1. Along these
lines we will familiarize one of their personnel with the
required techniques during the month of May.

Two T-1b Mississippl River carp have also been supplied to
us by WGK and are being prepared for PCB analysis, Samples
of these fish will be returned to WGK for mercury analysis,
It 48 also planned to examine the carp extracts by GC/Mass
to see what others chemical residues can be observed,

Water and sediment samples from six accounts employing Pydraul
fluids have been analyzed for PCB's., The results indicate
that all plants are discharging low ppb to high ppm amounts of
PCB's to assoclated sewers, streams, and lakes. The companies
so far monltored all Johnson Motors (Waukegan, I11l.), Lester
Castings (Bedford, Ohio), Central Diecasting (Chicago, I11.),
Wheeling-Pittsburgh Steel (Steubenville, Ohlo, ), Wisconsin
Steel (Chicago,Ill), and Timken Steel (Canton, Ohio). This
information is being generated to help guide a potential
recovery and recycle program evaluation by Fluids' Marketing.

Muratic acid (HC1l) from Monsanto Central Drumming has been
analyzed by EC/GC for PCB's, Low levels of compounds having
similar retention times to the lighterchlorinated biphenyls
were observed. A larger sample has been extracted for GC/Mass
confirmation of the suspicioned presence of PCB's. Two other
products, food grade fumaric acid and saccharin are also
presently being analyzed for PCB contamination. These re-
sults should be available early this month, If positive, no
doubt, other products will have to be examined closely,

GC/Mass and EC/GC analysis of silo paint scraplngs and raw
milk extracts submitted to us by the State of Ohio, Dept., of
Agriculture, Foods, Dairies and Drugs Laboratory conflrmed
the presence of PCB's in these materials, The silo scrapings
contained 2,87% unaltered Aroclor 1254, the raw milk extracts
contained an estimated PCB level of 0.6-0.7 ppm, Although
the isomer distribution of the PCB's in the milk was altered
with respect to Aroclor 1254, the isomers present were those
that occur predominately in Aroclor 1254, Strikingly similar
isomer alterations have been observed earlier in the electron
capture chromatograms of an extract of a human fat biopsy
sample, supplied to us by WARF Institute and in extracts of
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raw milk samples supplied to us by the Maryland Cooperative
Milk Producers, Both organizations had suspicioned PCB
contamination; unfortunately, in both cases GC/Mass con-
firmation could not be obtained because of the limited amount
?f sa?ple available (WARF) or the low level of contamination
MCMP).

The Bio-Test Laboratories has been contacted to arrange for
the transfer of the tissues from various feeding studles they
have conducted for PCB residue analysis. A rough estimate
from them lndicates that they have approximately 1000 cu, ft,
of freezer space that is now filled., For this reason it was
requested that a laundry list be prepared so that selected
samples could be sent, We presently have only about 30 cu,
ft. of storage space in St. Louls and see no reason to
duplicate their facilities,

Air samples from the Appleton Coated Paper Co., Appleton,

Wis. have been recelved and analyzed for PCB's, Low levels
were detected, but the amounts present in terms of mg/ma cannot
be calculated untll the actual number of liters of air passed
through the scrubbers 1s obtained from them, If thelr sample
sizes were on the order of 100 1, or more, the calculated
amounts will probably be less than the recommended "safe" level,

An informational PCB problem review of the analytical methods
and the data so far generated was held for representatives
from Westlnghouse,

A first quarter report has been written reviewing the results
of the preliminary river die away and some continuous activi-
tated sludge degradation of Aroclor 1221, 1242, 1248, 1254,
and Arobrom 1228, In brief, the results were as follows,

the only Aroclor which was degraded to any extent in the river
die away experiments was Aroclor 1221.

Isomer alterations accompanied by the dlsappearance of 0.3-1.0 mg
per 24 hr, periods were observed with all Aroclors (compared

to 20 mg of LAS Dodecene-1 which is consumed in 24 hrs) feed

to the semi-continuous activitated sludge units. The actual
interpretation of this data awalts the evaluation of non-
biodegradation routes which could account for the bulk of

the Aroclor lost. This experiment 1s currently in progress,

In the past these experiments {adsorption, volatilization, etec.)
have been hampered considerably by our inability to analyze

the large number of samples required to obtain enough data
points to compensate for the large variance generally encoun-
tered in biological experiments, In the future, this should

be compensated for by the additional manpower which has been
assigned to this portion of the project. The Physical Chem-
istry Group 1s currently setting up the necessary equipment

to carry out biodegradation studles on Aroclors and Aroclor
replacement products,
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Electron capture chromatograms of recombined laborato
distillation cuts of Aroclor 1130 and 1142 (Aroclor IEXQB)
indicate that most of the "refractory” PCB isomers can be
removed in this manner, Figure I compares the EC chromato-
grams of these potential substitutes with our current Aroclor
1242 production material, Figure II shows the isomer alter-
ation that can occur via degradation of Aroclor 1242 in the

semi -continuous activitated sludge units. Figure TIII shows

the isomer alteration that occurs in a mammalian system (cow).
It 1s important to note that the isomers present in the
fractionated materials are those that appear least "refractory".

The following additional reports have been written and will
be issued soon,

1. Relative Retention Times and Electron Capture Response
Factors of Some Polychlorinated Biphenyl Isomers
Relative to DDE,

2. A Study of the Completeness of Thermal Oxidation of
Polychlorinated Biphenyls at John Zink Pollution
Research.

3, The Partition of PCB Between Hexane and Various Organic
Polar Solvents,

4, Extraction of Aroclor 1254 From Painted Surfaces by
Water,

5. A Study of the Open Air Combustion of Paper Contalning
Aroclor 1242,

6., Determination of PCB Reslidues in Fish from Lake Michigan.
7. Solubility of Aroclor 1242, 1248, 1254 in water.

8, A Study of Aroclor Chemical Clean-up Procedures for
Use with Electron Capture, Gas Chromatography Methods,
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APPLIZD SCIENCES

Environmental Aroclor Project (Keller-Tucker-Emery-Dietrich)

It appears that disposal of PCB's can be accomplished successfully
by thermal oxidation. This conclusion was made after analysis of
gas samples from John Zink Company. They were analyzed for PCB,
chloride, chlorine, and total organicchlorine. Data were sent to
CED and a report is being issued. Additionally, heats of combustion
of the PCB's were estimated for CED evaluations.

Water and sediment samples from 6 Pydraul customers were analyzed
for PCB's. It is concluded that PCB's are finding their way to
sewers, streams and lakes inasmuch as amounts ranging from low ppb
to high ppm were determined.

EC/GC determinations for PCB's showed low levels of materials in
muriatic acid from Monsanto's central drumming facility. These
contaminants appear to be lower chlorinated biphenyls. Confirma-
tion studies are underway.

Paint scrapings from silos and rav milk extracts showed presence of
PCB by GC/Mass and EC/GC analysis. The paint scrapings contained
2.87% Aroclor 1254. The raw milk contained an estimated 0.6-0.7

ppm PCB, probably originally Aroclor 1254 but with an altered isomer
distribution.

Analytical methods and data collected to date were discussed with
Westinghouse in an informational meeting on the PCB problem.

A preliminary report on biodegradation of Aroclor was written.
Tentatively, Aroclor 1221 degrades in river die-away experiments.
Higher Aroclor products may not. More conclusive experiments are
underway. A current study involves removal of certain fractions
from Aroclor products which might be intractable to biodegradation.
Electron-capture chromatograms suggest that most refractory material
can be separated by distillation.

We are continuing to assist the WGK Plant in monitoring bromine
content of chlorine they use to make Aroclor products. Seven
samples, collected in the past month, were shown by XRF to contain
250-400 ppm bromine.

We are preparing to determine the presence of dioxins in the presenc
of other chlorinated materials. GC studies show that octachloro-
dibenzo-p~dioxin can be determined but that the tetrachloro isomer
will have interference from the components in Avoclor 1260.

A better method to determine percentages of various components in
undistilled Aroclor is necessary. A suitable GC method appears to
have been developed as a consequence of studies made on 60 distilla-
tion cuts from 4 Aroclor samples.
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SKYDROL 500

-

Flight tests are currently being performed on Skydrol 500C by various
airlines. Only tests involving at least 80X Skydrol 500C will be
declared valid. The other component presumably would be Skydrol
5008, heretofore employed. A gravimetric/precipitation method
depending upon interaction with the disparate VI improvers is
,satisfactory for new fluid blends but not for used fluids, because

of degradation of the VI improvers. We are attempting to develop
anNMR method whose success may hinge upon relatively comparable

rates of the decomposition of the VI improver,

A hard deposit from a Northwest Orient Airlines shaft seal was
shown by IR to be constituted of a heavy metal, degraded polymeth-
acrylate VI improver and hydrolyzed phosphate ester. We have
frequently obseyved such a material. It is apparently derived in
part from Skydrel 500B in the aircraft hydraulic system.

05-59

We determined by IR that a sample of our 0S-59 returned by Maxwell
Laboratories had no detectable contaminants., This tends to confirm
our advice to Maxwell that 05-59, per se, 18 not suitable for making
capacitors. Maxwell thought their poor experience might be ascrihed
to contaminated fluid.

MCS 524

By NMR, we showed that a commercial phenyloctadecanoic acid consisted
of at least two isomers.

TYPE III, IV CANDIDATES

L-77, said to be a superior wetting agent for Teflon, aluminum and
stainless steel was shown by IR and NMR to be a siloxane and that
methyl groups and glycol ethers and/or methoxy groups are present,

MCS 571

We received a deposit from an MCS 571 system at Dalton. IR analysis
showed that 96% consisted of inorganic salts, primarily bicarbonate
as well as silicate, The balance of the sample was a carboxylate
salt but not related to any components of MCS 571. Conclusion: the
fluid did not contribute to deposit formation.
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PYDRAUL 623

Canadian Liquid Air, Ltd. sent us two deposits collected from an
exploded air compressor serviced with Pydraul 625. Extractions with
hexane, chloroform, acetone and methanol left a highly magnetic
residue. The extracts were shown by IR to contain carbonyl and
carboxylate salt compounds containing phosphorus. Exact source of
these products could not be determined.

SILICATE FLUIDS

The dielectric strength, power factor, resistivity and dielectric
constant of Coolanol 25A and MCS 825A were measured to provide data
for a product bulletin.

-

CUMYLPHENYL DIPLENYL PHOSPHATE

-Timely’ analytical support via GC was provided to the pilot plant
production of B—cumylphenol. L,

NASA TENSIMETER
We received a purchase order from NASA for a recording tensimeter.
This instrument will be identical to that which we presently use

for vapor-pressure and decomposition-temperature measurcments on
fluids. The components and materials for construction were ordered.

CAPACITOR-LIFE-TEST APPARATUS

Components were ordered for an apparatus for life-testing of
capacitors incorporating experimental dielectric fluids.
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HEAT TRANSFER FLUIDS {DRM)

Phenyl Ether (diphenyl oxide)

With the able cooperation of the CRD catalyst group, we this
month fitted out a pilot unit for the synthesis of phenyl
ether by phenol dehydration on a thoria catalyst, The reactor
18 a 5/B" stainless tube 18 inches long fitted with thermowell,
catalyst support screen and steady flow access leads. It is
heated to a reaction temperature (ca. 425°C) in a fluid bed
thermostat. A metering pump supplies phenol to the reactor

at preset flow rates, Reactor pressure is controlled by a
pack pressure regulator on the reactor effluent line,

Three catalyst preparations were made using three different
refractory supports, namely pumlce, bonded silica, and
Celite., The thorla was formed in situ by calcining the
supports at 600°C after saturating with aqueous thorium
nitrate, The presence of thorium oxide was confirmed by
X-ray diffraction.

At this writing an initial run at 425°C with pumice-supported
thoria has been completed, The first 14 ml of product was
liquid at room temperature, verifying that reaction did
occur, The next 30 ml of product crystallized, probadly
indicating low converslon of phenol, Analytical data are
being collected.
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DEVELOPMENT PROJECTS

Tractive Fluids (1331059-JCW)-
New Tractants

Substantial progress toward the development of new tractive
fluids was made this month. A hydrogenated linear dimer of
alpha-methylstyrene shows good traction, excellent oxidative
stability and fair viscosity properties (Item 1, Table I).

A branched octyldecalin shows good coefficient of traction,

and fair viscosity and oxidation stability (Item 2),
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On the other hand, a "linear" octyldecalin (Item 3) made by
alkylation of naphthalene with octene-l, followed by hydro-
genation, had better O & C than the branched octyldecalin
but considerably poorer traction. A dodeeyleyclohexane
prepared by hydrogenation of dodecylbenzene (Linear Alkylate
2153 for investigation as a blending agent has good low
temperature viscosity, but poor traction,

The hydrogenated linear «-methylstyrene dimer compares
favorably with hydrogenated dicumyl (MCS 614), 1t is almost
as good in coefficient of traction, and (surprisingly) is

as good in the 0 & C. 1Its 210°F viscosity 18 lower, but it
is better in low temperature properties, since MCS 6115 melts
at about 68°F, The new material has not crystallized so far,
at O°F or at -40°F.
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Synthests

Linear o-methylstyrene dimer., As reported last month, the
IInear @-M5 dimer 1s obtalned by allowing n-MS to stand at
room temperature for a long time with 0,2% iodine, After

days, work-up gives the linear dimer I in 70% yleld, with
48% conversion. This procedure gives a product with 2% or
less of the cyclic indane dimer II,

ths ¢t/ tH, s
2 p-czCH, ——F <}_x.c:, -z - ¢ 1 /{’\T\- JI ¢ H3
NN
CH, \“’/«>§“
A s
g VA
/—/\A—l‘dl\ DM»V\ Cy{ /.:A g {(, frew sy

Same polymer 1s formed.

Hydrogenation of the linear dimer proceeded smoothly over
Raney nickel to the fully saturated product,

Running the ilodine-catalyzed dimerization at 50°C instead of
room temperature did not increase the reaction rate, over a
3 day period.

A possibly bvetter catalyst for the dimerization is a POCla .
HaPOq¢ mixture, This catalyst, described in an expired Dow
patent, gave 68% conversion and yleld of dimer in a few

hours, at about 100°C., However, the content of cyclic dimer
increased to about 10%. The effect of this small amount of
cyclic dimer on the properties of the fluid will be determined.
CRD investigated the hydrogenated cyclic dimer as a tractant.
It 18 more viscous at low temperatures (34,000 cs at O°F)

and oxidatively less stable than the linear materlal,

Also to be determined is whether the crude ~-MS from Chocolate
Bayou can be used as raw materlial, If so, it will lead to a
very low raw material cost, Possible difficulty here may be
the effect on hydrogenation of the small amounts of sulfur
compounds in the crude o -MS.

Octyldecalins, Alkylation of naphthalene with octene-1
using 7.8% AlCla and 7.8% nitromethane in heptane solvent led
to the isolation of an octylnaphthalene mixture in 52/ yleld.
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Isomers, formed by migration of the double bond along the
chain, are also formed, Hydrogenation over Raney nickel gave
the "linear" octyldecalin, item >, Table I. This had good
oxidative stability and low temperature viscosity, but rather
poor traction,

Alkylation of naphthalene with the highly branched octene
diisobutylene gave a t-octylnaphthane fraction, and also
t-butylnaphthalene, and higher t-alkyl products. This type of
reorganization is a well-recognized hazard in alkylation of
aromatics with poly(iso-olefins). Using naphthalene and
diisobutylene at 2:1 mole ratio, with 3.9% each AlCla and
nitromethane (on n%phthalene) gave 41% yield of t-octyl
naphthalene and 33% t-butylnaphthalene, Hydrogenation of the
octylnaphthalene over nickel gave the branched octyl decalin
(item 2, Table I). This i1s a good tractant, with fair 0 & C
and viscosity properties, In another experiment, using about
four times as much nitromethane, and working up the reaction
1/2 hour after olefin addition was complete, 29% t-butyl,

and 55% t-octyl was obtained, However, it is suspected that
the "t-octyl" fraction contains material of longer chain
length; characterization of this product is not yet complete.

Spectroscopic evidence indicates that an alkyldecalin is a
major constituent of the Sun toric fluid. Judging from the
two examples so far prepared, this type compound appears of
less interest than the linear «-MS dimer. Both have low

raw material costs, The o-MS dimerization is simpler, however,
and the properties of the fluid are better,

MCS 998, a -40°F fluid for Lycoming, is a 70:30 blend of

MCS 757 with diisodecyl adipate, with 1% dioctyldiphenyl-
amine as additional oxidation inhibitor. Although MCS 757
does not foam, the blend did, but foaming wae controlled

with 20 ppm of DC 200 silicone., Properties of this fluid

are given in another section of the summary. The first

two gallons of MCS 998 sent to Lycoming were lost in shipment;
a second two gallons were blended and shipped.

Used MCS 9612 - A sample of used MCS 9612 from Gates Rubber
6. 1n Denver was received, It had run for 25 hours at 200-
275°F, and for 1 hour at 330°F bulk oil temperature. The
0il contalined a fine black sludge, which was found to be

metallic wear debris. Viscosity and composition (by VPC)

of the oil were essentially unchanged; acid number was 0.49,
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Naphthenic Oils - An attempt to relate differences in traction
coefTicient among GMR 120%, Solnus 55, and Paratex 75, all
naphthenic oils, to differences in degree of unsaturation
showed no observable correlation, NMR and IR spectra were
similar - there is no aromatic unsaturation. No unsaturation
toward bromine was detected in the Paratex 75; the other two
gave turbidities with bromine, probably due to reaction with
additives.

MCS 998 (RLG)

The -M10°F tractive Clolda, HCS 900, wan tesied fov
visconity, foia, and %-3all wear before shlpucnt to
Lycomlng;.,  The reculis ares
Viscoslty at  -10°) = 22,250 cs

100°F = 17.510 es

210°) = 3.49 cs

Foam

Blender Foam at 200°F/200ce/2 min
Initial helpht of foam = 1/4 in,
Time to brealk foom = 20 scec,

ASTH DEo2.500
Tendoncy 15 ml
Stavility O scc

Four Ball Year 200°F/1269 rpm/2 hrs/52100 on 52100
Scar diazmeter = 0,87 mm,
* The pour point data on thc "rumning" tect conditlions
was mezsured and found to be between -GO°F and -55°1,

DBasced on these results and previous O & € and traction
testing, 1-CS 998 is judged to be:

1) equivalent to F50 in traction under the slip
veloclity conditions seen on the Lyconing LD 6

2) slipghtly worse thon 1S 757 In foom but better
than Versilube 1750

%) a formulation that will cold ztart in the ID [
at -H0“P mince 1t 15 cquivalent in vincouity to
MES 757 ab =20°%1 whileh pasned our cold ntiact pump
test (mero 2/10/70).

thyce rallons of eS8 928 were hlendsd and tuo o) lons
vere chipved Lo Lycoming uléh tvo pallons of en Lo
for 1w hing purporcs,
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Tractive Fluids

The coefficlent of traction on many fluids was measured by a
new procedure on the twin disk test at two loads and two
temperatures, The seml raw data is being reduced to traction
coefficlent vs. slip veloclty. Qualitatively four synthesized
fluids are equivalent to MCS 460 in traction. They are

DCCDC

Hydrogenated linear dimer HLD
Octyl Decalin (0OD-3)

H27D4 Hydrogenated still bottoms

Viscosities, 4-Ball wear, and O & C were run (see JCW MS),

Blends are being made to meet the O°F GM Toric Fluld specifi-
cation of 2000 cs.

Automotive Fluids (1338459-QET)

Ailr conditioner lubricant candidates MCS 994 and 995 submitted
last month to Ford performed exceptionally well in their
system except under simulated idle (low rpm) conditions.

The difficulty resides in the relatively low viscosity of

our products, We have reformulated a high viscosity lubri-
cant now designated MCS 1005, This material has the following
composition and properties,

MCS 1005
Composition: ~33% Carbowax 200

~67%%pheny1 bis(3-hydroxyphenyl) phosphate
0.2% tolyl triazole

viscosity:
at 210°F 29.75 cs
at 100°F 75 c¢s

*at 165°F ~80 cs (extrapolated)
* 80 cs at 165°F desired by Ford)

Pour Pt. about 5-10°F
Freon insolubility: better than MCS 994 4+ MCS 995
Santoflush - Sewage Transfer Fluid (QET)

A request by Chrysler for a safe, low denslty, water immis-
cible, high flash point, fluid to be used on shipboard

sewage systems was investigated, The best candidates appeared
to be in the order DIDA > DOA > Santicizer 148 + mineral oil.
Accordingly we sent Chrysler a sample of DIDA designated

MCS 997. Their response was immediately favorable and they
have now placed a £300 order for larger quantities of MCS 997.
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PIONEERING (EOS)

Rub-block on Rotating Ring Friction and Wear Tester:

Following the receipt of Capital Authorization for this pro-
ject, it has been placed in the hands of the Instrument
Development Group who are finalizing the design. In this
they are being aided by Prof, J., Georgian of Washington U,,
particularly in regard to calculations of the dynamics of the
tester. Completion of the device is expected by the end of
June, This machine 1is to be used in the contract for Thermo
Electron to measure the lubrication of thiophene/F-50 blends
for the Rankine Cycle automobile engine,

High-speed, High-temperature Bearing Tester:

In anticipation of its use in two different projects under
consideration by NASA, steps are being taken to modify the
ERDCO Universal Gear and Bearing Rilg. The first step will
have to be the gear-box change to produce speeds up to
30,000 rpm, ERDCO now estimates delivery in less than 24
weeks, We shall try to place the order for this item as soon
as poesible, ERDCO has looked into the feasibility of oper-
ating the standard 100 mm roller bearing test head at speeds
up to 30,000 rpm and has concluded that substitutes for both
the Rollway test bearing and the loading/shaft-support ball
bearing in the test head would have to be found to permit
operation over the rated maximum speed of 10,000 rpm. They
are currently preparing an estimate of the cost of doing
this, The high-speed ball bearing test head is also being
considered. MAIC has been contacted regarding the practic-
ability of their designing a test head which is compatible
with the ERDCO test drive, This will be feasible, Further-
more, they will probably be able to design a test head which
will accept either 80 or 100 mm ball bearings, giving us a
chance to attaln dN=3 x 10® without having to replace the
entire test head. Who 18 to build the new test head 1s not
yet decided, A visit to MAIC to finallize the specifications
for the test head is planned for May 11, when Alastair Cameron
will be availlable, NASA-Lewis will then be visited on the
12th to see what they think of our plans,

NASA-Lewis Contract No. NAS3-12418: A request for a no-cost
time extenslon fo this project 1s being planned and will be
discussed on May 12 during the visit to NASA-Lewis. Prof.
Cameron has contracted with his students who help man this
project through June of '71,

Type III Jet Lubes - Lubricity (FSC)

New Additives - The following compounds were screened in
our slow speed four ball test in MCS 524 (.1%). Those under-
1ined show improved lubricity.
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Ultraphos 12
P & G Additive #3

phenylboric acid
triallyl phosphate

Ultraphos 12

This liquid is an anionic phosphate ester surfactant manu-
factured by Witco Chemical Co., It gives an excellent friction
curve on M50 steel. It has not been run on any other metallurgy,

This phosphate gives less deposits in an 0 & test than
MCS 293 but has a higher viscosity increase (8 3% va. ~4%).

P & G Additive #3
This chemical 18 tetraethyl perchloromethylene phosphonate

1
(Caﬂuo)z'g’%' '-(ocm )2

a

At 0.5%, this phosphonate does not change the boundary friction
of MCS 524 on M50 steel or on hard anodized aluminum, But

it has an excellent curve on aluminum metal, This 18 the

first additive in MCS 524 which gives a curve on aluminum
comparable in magnitude and general shape to Mobil Jet II.

A comparison curve is shown with following graph.

Phenylboric acid

This acid did not improve the boundary friction on M50,

hard anodized aluminum, or aluminum metal. It is interest-
ing that many of our acid additives change the friction of
steel or anodized aluminum but don't change the friction of
aluminum metal. This metal will react instantaneously with
acids as weak as water, And lubrication theory predicts the
generation of fresh metal under boundary conditions., Per-
hape the additives react but don't produce lubricating soaps.
Perhaps the metal is 8o reactive 1t reacts with the base stock
giving metal corrosion.

Triallyl Phosphate

This additive did not change the boundary friction on M50,
anodized aluminum, or aluminum metal.

New Base Stocks

Most of the additives which we forwarded to SNECMA in MCS 524
were Bcreened in MCS 963 base stock in the slow speed four
ball. MCS 963 is
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These teats were run to see what the additive response would
be in a base stock chemically similar to 524 but with a
different viscosity. Alsc, to obtain patent coverage.

The additive friction curves in MCS 963 were very similar to
those in MCS 524, Thus:

phenylphosphinic acid: large p reduction on hard
anodized aluminum; large u
reduction on M50 steel from
200-400°F followed by a u
spike; some g reduction on
aluminum metal,

perfluoroglutaric acid: worse high temp. g on M50 steel;
large u reduction on hard
anodized aluminum,

Also screened were MCS 963 + monopotassium oxalate

MCS 963 + bis(chloropropyl)-2-propene-
phosphonate

and MCS 963 + A-88 + trichloroacetic acid

Only the oxalate had a different pattern in the lower vis-
cosity base stock. It had a significant friction lowering
on M50 steel in MCS 524 but only a small friction lowering
in MCS 963.

Other additives
CP 64600 - This 18 Ludwig Maier's phosphosulfide., A 500°F
est was run on samples of MCS 524 plus 0,.1% and 0,05%
of this sulfide. Generally, these blends gave reasonably
clean tests with fewer deposits than MCS 293, Specifically:
In the presence of copper, the formulated fluid had
less black deposits at both concentrations than .
MCS 293, Some vapor coking was observed.

In metal attack the copper corrosion was comparable
to MCS 293. We increased the silver corrosion,

The viscosity increase was 9% vs. 4% for MCS 293,
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In the absence of copper the deposits were as above,
The metal attack had increased silver corrosion.

The visc. increase was comparable to MCS 293. All
in all not a bad test, considering the reactivity of
the additive.

SKF-NASA Report on MCS 2931

The final report on the bearing tests with MCS 2931 has been
written, The authors are L. A. Peacock and W. L. Rhoads

of SKF. It has some discrepancies with the information
given us by Bob Johnson. The report states that MCS 2931
ran two successful tests out of six with two runs giving
fluid related spalling faillures. Our call report says

2931 passed five out of six tests with one spalling fallure
which was not fluid related.

It 18 interesting that the lubricity failures in the report
are surface initiated spalling fallures, {.e., fatigue
failures, This mode of fallure can be initiated by water,
The trichloroacetic acid additive used in MCS 2931 did
contain ~1% water. We should watch water content for pos-
sible correlation with fatigue in any future use of this
product.

The authors uae a dimensionless parameter h/s~ to character-
ize fluid performance. This 18 the ratio of the film thick-
ness, h, to the composite surface roughness, A high value
implies a good film and puts the fluid in the higher EHD
region (1.e. near hydrodynamic lubrication). A value below
2 implies lots of contact, i.e. a more boundary like EHD
regime. The correlation of this parameter with bearing
performance is not too good.

Y €7 7E5T

TP CAL BRARING
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Of the fluids rated equal or better than MCS 2931, only the
Krytox 143 AB and possibly the Dow fluorosilicone could be
used in air operations,

Phenylphosphinic acid - This acid has one striking friction
property. That Is, Its ;- temp profile up to about 450°F
is very similar regardless of the metallurgy. This 1s
shown graphically on the following figure. Perhaps this
tells usdsomething about the mechanism of lubrication by
this acid.

Phenyloctadecanoic acid - This material (Eastman) 1s a
general boundary additive for MCS 524, Last month 1 stated
that 1t contained no terminal phenyl group. The NMR people
now say this is an error., The sample 1s a mixture of

@-(CHe )17 CO2H and

H
CHa (CHa2 )N (;,-(cuz)“ f0=H
COeH

It would be interesting to see if the pure terminal acid 1is
more effective than the mixture,

Aryl Phosphate Lubricity

Several additives were evaluated as steel lubricity agents
for aryl phosphates. Specifically, they were tested in

MCS 941 (36% CPDPP + 37% TPP + 27% CDP). Our interest in
this base stock has dropped since we are now making blends
based on NCPDPP., However, MCS 941 1s a good reference
phosphate with poor steel lubricity. The screening test
was the Chrysler Falex Test. This uses a hard steel (Rc 20)
on a soft steel (Rb 85). The results were as follows:

Additive Falex Test
(.13) Fallure Load psi
none 1000

2-propyl benzenephosphonite 4250 (passes test)

- 3270

H-1128 4250 (passes test)

2700
L-T7 ~ 2100
CP64600 900

The results with the first two additives are not bad at all.
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2-propyl benzenephosphonite G-g-ocaﬂy
H

This 18 not an acid but 1s probably easily hydrolyzed. It
should be screened in the Republic Test,

H-1128 - This compound is

s gHa 3
(L-Cal70)2-F -SCH2CH-5-F (0-1-CaHo )2
It was obtained from the 011 Additives Group.

L-77 (Carbide)

This is a silicone-ethylene oxide block polymer, It is
advertised as a "super"' wetting agent for stainless steel,
teflon, aluminum, and glass, Since this polymer probably
isn't reacting at the surface, the increased load carrying
is probably due to increased wetting. Blends with a higher
concentration will be run.

CP64600
This 1is Ludwig Maier's phosphosulfide.
Pump -Flow Properties of Aryl phosphates

We are also starting to look at some flow properties of
arylphosphates such as cavitation probe, and streaming
potentials. A one gallon blend of NCPDPP plus 0,04%
FC-98 was made up for the streaming potential measurement.

Water-011 Emulsion Lubricity-
Water-Glycol Lubricity

One suggested approach to the lubrication of water-oil
emulsions 18 to minimize the interrupted flow of two phases
at the surface. My first thought to a chemical approach

to minimum phase separation was to try Carbide's surfactant
silicones, These are block polymers of silicone-ethylene
oxides, Thus one tall of the molecule would be soluble in
each phase and might tie them together, Also, by varying
the ethylene oxide chain, the viscosity of the water layer
might be matched with the oll layer.

I have since found a Carbide patent for water lubricants
(U.S. Patent 3,457,173 1ssued 6-22-69), Water lubricants
include emulsions and water-glycol blends, The feature of
the invention is the use of silicone-ethylene oxide polymers

in aqueous fluids. A typical structure for such a polymer 1s:
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The lubricity of the block polymers is enhanced by emulsi-
fied polyolefins such as polymerized r-olefins, Examples
are given of improved Falex loads for emulsions,

The use of these block polymers may explain the excellent
pump wear properties of Carbide's Ucon Hydrolube 150 LT. We
should evaluate these polymers in water blends of interest
to us. Presumably Carbide has done considerable testing of
these products.

NASA-Lewis Research

Thermal Decomposition (Tp) Runs

Bi1ll Jones asked us to rerun two Tp's in the presence of M50
steel, This was because our Tp values were higher than
they expected based on their experience with these fluids.
He thought the metal might catalyze a lower TD. This dig

in fact happen with one of the samples.

All of the vapor pressure and Tp curves are completed,

The results have been phoned to W. Jones., He also requested
copies of the curves for calculation of Arrhenius constants.
Lew Fowler is preparing a graphic conversion scale so

these can be read directly from the curves, This should be
ready this week.

MCS 460 Samples
One quart samples of MCS 460 were sent to Bob Johnson at

NASA -Lewis and Ward Welner at Georgia Tech. I also sent
them a preliminary data sheet for this compound.

Film Thickness Contract MONS 036134

Work continued on the heat capacities and bulk modulus
curves of the model compounds. Cameron recently has used
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his f4ilm thickness measurements to study freezing in the
contact zone, He has expressed an interest in thermodynamic
measurements of glass transitions or pour points., This
might be heat capacity (via DTA or DSC) or 1t might be
density or modulus measured as a function of temp., This

is still up in the air but we may make some further physical
property tests on the fluids,
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