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1.0 SCOPE

l.l

1.2

This document was prepared by Wyle Laboratories for Bechtel Energy
Corporation (BEC) for equipment to be used in the South Texas Project
Electric Generating Station.

Objectives

The purpose of this report is to perform an aging analysis of non-metallic
materials used in the packing rings of the Kerotest Packless Metal Diaphragm
valves listed in Section 1.3.

The aging analysis of non-metallic materials was based on the criteria of
susceptibility to time/temperature and radiation mechanisms.

Applicable Qualification Standards and Documents

IEEE 323-1974 "Standurd for Qualifying Class 1E Equipment for Nuclear
Power Generating Station",

IEEE 627-.1980 "Standard for Design Qualification of Safety Svstems
Equipment Used in Nuclear Power Generating Stations".

Bechtei Specification 4A479ES1018, Rev. 2, "Specificatisn for the
Environmental Qualification of Safety-Related Electrical and
Mechanical Equipment for the Houston Lighting and Power Company
South Texas Project Electric Generating Station".

bechtel Specification 1L529TS0104, Rev. 0, "Specification for ASME
Section [ii Bellow Seal or Packless Metal Diaphragm Valves 2 inches and
smaller for the Houston Lighting and Power Company, South Texas
Project Electric Generating Station," with Addendum 1, January 17,
1983.

Wyle Laboratories Western Test and Engineering, Quality Assurance
Manual, 380 Rev. D dated 15 April 1984.
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1.3 Non-Metallic Materials

The subject of this analysis is non-metallic materials used in the Kerotest

Packless Metal Diaphragm Valves listed in Table 1.

LIST OF NON-METALLIC MATERIALS

TABLE |

PACKING
IDENTIFICATION NUMBER MATERIAL  VSS NO.
1/2DH 26SS 3A-C 2CRJ 48
1/2DH 26SS 3B-C 2CRJ 49
1/2DH 46SS 3A-C 2CR1J 50
1/2DH 46SS 2A-J 2CRJ] 1
1/2DH 46SS 2B-] 1871 2
1/2DH 46SS 2C-] 1871 3
1/2DH 46SS 3A-J 1871 -
1/2DH 46SS 3C-J 1871 5
1/2DH 46TJ 2B-C Grafoil 89
1/2DH 46SS 2B-] 2CRJ 73
1/2DH 26SS 2A-C 1871 31
1/2DH 26SS 2B-C 1871 52
1/2DH 26SS 3A-C 2CRJ 83
3/4DH 26SS 3B-C 1871 6
3/4DH 46SS 1B-] 1871 7
3/4DH 46SS 1BBJ 1871 53
3/4DH 46SS 2A-] 1871 8
3/4DH 46SS 2B-] 1871 10
3/4DH 46SS 2BBJ 1871 11
3/4DH 46SS 2C-E 1871 54
3/4DH 46SS 2C-J 1871 12
3/4DH 46SS 3A-] 1871 14
3/4DH 46SS 3B-] 1871 15
3/4DH 46SS 3C-] 1871 16
3/4NH 42SS 3CBJ 1871 74
I DH 26SS 1B-C 1871 91
1 DH 26SS 2A-A 1871 82
1 DH 2655 2A-C 1871 55
1 DH 26SS 2B-C 1871 87
1 DH 26SS 3A-C 1871 18
| DH 26SS 3B-B 1871 86
1 DH 26SS 3B-C 1871 56
1 DH 46SS IB-.C 1871 90

LOCATION

Outside RCB
Inside RCB
Quts:de RCB
QOutside RCB
Inside RCB
Qutside RCB
Qutside RCB
Inside RCB
Inside RCB
Qutside RCB
Inside RCB
Qutside RCB
Inside RCB
Inside RCB
Inside RCB
Outside RCB
Inside RCB
Inside RCB
Qutside RCB
Qutside RCB
Qutside RCB
Qutside RCB
Inside RCB
Qutside RCB
Qutside RCB
Inside RCB
Qutside RCB
Outside RCB
LY.L
Qutside RCB
Inside RCB
Inside RCB
Inside RCB
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1.3 Non-Metallic Materials, (Continued)
PACKING

IDENTIFICATION NUMBER MATERIAL VSS NO. LOCATION

1 DH 46SS 1B-] 1871 19 Inside RCB

1 DH 46SS 2A-C 1871 79 Outside RCB

1 DH 46SS 2A-] 1871 57 Qutside RCB

1 DH 46SS 2AB] 1871 58 Qutside RCB

1 DH 46SS 2B-C 1871 88 Inside RCB

1 DH 46SS 2B-] 1871 20 Inside RCB

1 DH 46SS 2BBJ 1871 59 Inside RCB

1 DH 46SS 2C-E 1871 80 QOutside RCB

1 DH 46SS 2C-J 1871 60 Inside RCB

1 DH 46SS 3A-C 1871 6l Qutside RCB
DH 46SS 3A-] 1871 21 Qutside RCB
DH 46SS 3BBJ 1871 63 Inside RCB
DH 46SS 3B-B 1871 84 Inside RCB
DH 46SS 3B-] 1871 62 Inside RCB
DH 46SS 3C-] 1871 64 Qutside RCB
NH 46SS 2BBJ 1871 75 Inside RCB
-1/2DH 26SS 2B-C 1871 81 Inside RCB
-1/2DH 26SS 3A-C 1871 65 Qutside RCB

2 DH 26SS 3A-C 1871 66 Qutside RCB

2 DH 26SS 3B-B 1871 85 Inside RCB

2 DH 46BP 1BBJ 1871 78 Inside RCB

2 DH 46SS 1B-] 1871 22 Inside RCB

2 DH 46SS 1BB) 1871 67 Inside RCB

2 DH 46SS 2A-] 1871 23 Qutside RCB

2 DH 46SS 2AB] 1871 24 Qutside RCB

D

D

D

D

D

D

D

DH 46SS 2B-] 1871 25 Outside RCB
DH 46SS 2C-] 1871 26 Outside RCB
DH 46SS 3A-] 1871 27 Qutside RCB
DH 46SS 3ABJ 1871 68 Qutside RCB
DH 46SS 3B-] 1871 69 Inside RCB
DH 46SS 3BBJ 1871 70 Inside RCB
DH 46SS 3C-] 1871 28 Outside RCB
DM 46SS 2B-] SXH 1871 31 Inside RCB
KR 46SS 2A-] 1871 38 Outside RCB
KR 46SS 2C-] 1871 40 Qutside RCB
KR 46SS 2CBJ 1871 41 Outside RCB
NH 42SS 3CBJ] 1871 76 Outside RCB
N

1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2 NH 646SS 2BB] 1871 77 Inside RCB
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1.3

®

2.1

Non-Metallic Materials, (Continued)

PACKING
IDENTIFICATION NUMBER MATERIAL VSS NO. LOCATION
2ACTDM 46BP 1B-J FXX 1871 92 Inside RCB
2ACTDM 46SS 2A-J FXX 1871 33 Qutside RCB
(Other than IVC)
2CTRDM 4655-2B-3 FXX 1871 71 Inside RCB
2ACTDM 46SS 2C-J FXX 1871 72 Qutside RCB
(Other than IVC)
2ACTDM 46SS 3A-J FXX 1871 34 Qutside RCB
(Other than IVC)
NOTES: 2CR] = John Crane 2CRJ (Braided Asbestos with

Resilient Plastic Core)
1871 = John Crane 1871 (Braided Asbestos with Inconel
Grafoil = g;:fc))ck Grafoil (graphite) with zinc spacers
DEFINITION OF SERVICE CONDITION
BEC has specified the following environmental service conditions (Ref. 1).

Valves for Inside Containment Service

Valves designed for inside containment service will be subjected to the
following harsh environmental conditions:

Normal Conditions Accident
Pressure +0.3 psig (Max) 48.4 psig (Max)
-0.1 psig (Min) -3.1 psig (Min)
Temperature 65°F (Min), 323°F
120°F (Max)
Radiation 2.0 x 107 rads 1.4 x 108 rads
(40 years) (180 days)
Relative Humidity 0-80 percent 100 percent
Radiation Type gamma gamma and beta
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2.0 DEFINITION OF SERVICE CONDITION, (Continued)

2.2 ;)alves for Outside Containment Service (Excluding IVC RMS 054, 244 A Thru

2.3

Valves designed for outside containment service will be required to operate
under the following worst-case harsh environmental conditions:

Pressure

Temperature

Radiation

Relative Humidity

Radiation Type

Valves for Isolation Valve Cubicle (IVC) Service

Normal Conditior s

Atm

1359 (Max)
50°F (Min)

107 rads
(40 years)

0 to 80 percent

gamma

Accident
2.1 psig
240°F

8 x 106 rads
(180 days)
100 percent

gamma

Valves (excluding operators) designed for IVC will be subjected to the

following worst-case harsh environmental conditions:

Pressure

Temperature

Radiation

Relative Humidity

Radiation Type

Normal Conditions

Atm

104°F (max)
29°F (min)

100 rads
(40 years)

0 to 80 percent

gamma

5.8 psig
335°F

3.5 x 107 rads
(180 days)
100 percent

gamma
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3.0 EVALUATION CRITERIA

3“

3.2

Evaluation of Susceptibility to Radiation Degradation

The approach for evaluating radiation sensitive materials of the valves is a
two-step process:

1. Research Wyle Laboratories Aging Library for information on threshold
levels, severe damage levels, degradation characteristics, and failure
criteria.

y A Provide evaluation based on potential material degradation and ability

to perform its design function after exposure to the specified radiation
dosage.

Evaluation of Susceptibility to Time/Temperature Related Mechanisms

For many organic materials, it is known that the degradation process can be
defined by a single temperature-dependent reaction that follows the
Arrhenius equation (Ref. | and 3):

" - A exp (-(Ea/kpT))

where,

- = reaction rate

A = frequency factor

exp = exponent to base e

Ea = activation energy

kp = Boltzmann's Constant (8.617 x 10~JeV/K)
T =z absolute temperature

/0
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3.2 Evaluation of Susceptibility to Time/Temperature Related Mechanisms
{Con't.)

It is further noted that, for many reactions, the activation energy can be
considered to be constant over the applicable temperature range. Life is
assumed to be inversely proportional to the chemical reaction rate (Ref. 2
and 4). In terms of life, and after converting to Napierian base logarithms,
equation (1) becomes:

In (life) = (Ea/kp)(1/T) + Constant (2)

Equation (2) has the algebraic form:

y=mx+b,

where

y = In(life)

x=1/T

m = Ea/kp, constant for single dominant reactions

b = constant

The constants, m and b, can be estimated by fitting the experimental data in
the form of In(life) versus 1/T to the above simple linear relationship.

For example, Dow Corning #732 RTV Silicone Rubber with a failure criterion
of 50% elongation:

In(life) = 8956.8356(1/T) - 11.4998
for a baseline temperature of 313K (104°F)
life = 3.09 x 103 years
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4.0

4.1

“.2

EVALUATION

Three types of packing rings are used in the Kerotest Packless Metal
Diaphragm Valves. These three types of rings are: John Crane type 1871,
John Crane type 2CRJ and Garlock Grafoil.

1871 packing rings are made of braided pure asbestos yarn with an Inconel
wire inserted around a resilient asbestos core and impregnated with Graphite.
The 2CR1J type packing ring is made of asbestos with a Neoprene binder and
graphite lubricant.

Grafoil packing rings are an all graphite packing containing no resin binders
or inorganic fillers.

Asbestos and graphite are high temperature and radiation resistant materials.
The following paragraphs discuss the effect of radiation and temperature on
the packing rings made of these materials.

Radiation

z’he radia)tion damage threshold for packing ring type 1871 is 107 rads gamma
Ref. 5, 6).

The radiation damage threshold level for type 2CRJ packing is 8.0E5 (Ref.
7). This radiation damage threshold is based on the damage threshold of the
binder material (Neoprene).

The radiation damage threshold level for the Grafoil packing ring is 1.5x10?
rads (Ref. 6).

Grafoil packing i§ insensitive to the radiation levels specified in Paragraph
2.0. John Crane packing ring types 1871 and 2CRJ are insensitive to the
radiation level of the IVC area. These two types of packing rings are
sensitive to the total integrated radiation dose of areas other than the IVC.

Time/Temperature Aging

The packing rings are made of non-organic materials, except for the
Neoprene used as a binder in the 2CRJ type. Types 1871, 2CRJ and Grafoil
have temperature ratings of 1200°F, 700°F and 1000°F respectively (Ref. 6).

The non-organic materials, asbestos, graphite and metal, are not sensitive to
the effects of the time/temperature aging. Neoprene is the weak link
material of the 2CRJ type ring. The Arrhenius parameters for Neoprene
when used as a gasket are:

Slope = 12190.06379 (Ref. 8)
Intercept - -26.09326 (Ref. 8)
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4.2 Time/Temperature Aging, (Continued)

The worst case normal service temperature specified in paragraph 2.0 is
1359F. The expected life of the Neoprene material when used as a gasket, in
the worst case service temperature, is greater than 40 years. The effects of
time/temperature aging on the 2CRJ ring is judged insignificant in 40 years,
bc;:::u the Neoprene expected life exceeds 40 years and its application is as
a binder.

Since time/temperature effects are insignificant for these packing rings in 40
years, shelf life is not a concern, if the packing rings are stored per
Manufacturer recommendation.

Temperature/Pressure Effects

Reference 9 is a report of temperature and pressure testing of the braided
asbestos-graphite impregnated and grafoil packing rings in a borated water
system . The test objective was to determine the leakage rate when valves
containing these types of packing rings were subjected to a number of high
temperature, nressure cycles. Tests were conducted at 2000 psi at 130°F,
and 2250 psi at 550-650°F.

packings are not recommended for critical nuclear services where high
pressure borated water is encountered and periodic gland adjustments cannot
be performed.

' This test program showed that braided asbestos-graphite impregnated

This test program also showed that packing rings made of grafoil are superior
to braided asbestos-graphite.

4.3 Humidity

The packing materials in all of the valves are sealed against the outside
humidity and therefore the humidity has no significant effect on aging of the
non-metallic materials used in the valves.

3.0 CONCLUSION

John Crane 1871 and 2CRJ packing rings are not significantly affected by
time/temperature aging and humidity in 40 years of normal service.
However, these packing rings have radiation damage thresholds that are
lower than the required TID except for the IVC location of the plant.
Therefore, this analysis cannot support the qualification of John Crane 1871
and 2CRJ packing rln,s (see Table | for those valves with these types of
packing ring materials). Moreover, these packing rings are not recommended
for high pressure borated water service and where periodic gland adjustments
cannot be performed. Grafoil packing rings, however, are not affected by the
required radiation and time/temperature and humidity effects in 40 years and
. are therefore qualified for this period of time.

¥
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FILE WO
Westinghouse Power SgHams u § 8l ey
Electric Corporation 1 § EhoN
g_z‘.&_ "_‘;“ P Msougn Penasylvana 18230 0348
!!g%:_‘:mfi‘g SV, September 16, 1986
: s it 5.0. No: 16X 219
Project Engineering Manage 5 ocicont " Ref.: ST-YB-WN-1599
Bechtel Energy Corpouuonﬂag VR GSPLNT
5400 Westheimer Court N55S COORD . Action Item No.: 1058
P.0. Box 2166 AMS() S
Houston, Texas 77252-2166

SOUTH TEXAS PROJECT

UNITS NUMBERS 1 & 2
CONTRACT NUMBERS 35-1197-4Q00 AND 35-1197-8000
JOHN CRANE VALVE PACKING RADIATION RESISTANCE

Dear M~. Matiuk:

On the reference letter BEC noted that NSSS supplied valves 890) A/B/C
Qualified under WCAP 11024 have John Crane 1871 packing rings. BEC also noted
per WCAP 11024 packing rings are qualified to 1.0x10'0 rads gamma and John
Crane bulletin shows and John Crane letter attached to the reference confirms
& radiation resistance dose of 1.0x107 rads gamma. BEC requested, 1n the
reference, that Westinghouse provide clarification and Justification for the

1.0x10'0 rads gamma radiation resistance for valves with John Crane 1871
packing rings.

The radiation threshold 1imit of John Crane 187-1 Packing 1s 1 «x 107 rad as
reported in the referenced letter. This threshold 1imit 1s based on the Buna
S binder that makes up at most 10% of the packing material. The other 90% of
the packing material 15 comprised of asbestos and graphite which are very

radiation resistant materfals and have a minimum radiation threshold of
1 x 10 10 pags,

Westinghouse assigned a radiation 1imit of 1 x 10 "0 rads in weAP 11024
based upon the functions of the individual components of John Crane 187-1.
The asbestos and graphite fibers are the prlnar‘ components of the 187-1
packing rings. The Buna S binder 1s used to help keep these fibers in place
‘urln’ handling and installation. Once the packing rings are placed in the
stuffing box and compressed, the packing rings assume the shape of the
stuffing box. Thus, once installed, the packing rings will maintain thelr
shape and perform their function even 1f the Buna $ binder becomes brittle
when subjected to radiation levels greater than 1 x 10 7 rads because the
asbestos and graphite perform the primary packing function.



C1-WN-YB-2875
Page 2

Therefore, Westinghouse concludes that John Crane 187-1 Packing 1s acceptable
for radiation levels up to 1 x 10 '0 rads because the asbsestos and graphite
fidbers perform their primary packing function and maintain their shape even {f

the Iuna S binder becomes brittle due to radiation levels greater than
1 x 107 rads.

Very truly yours,

;{sn/eﬂst ELECTRIC CORPORATION

F. J} Twogooy, Manager
South Texas rojcct

Cvernon/ajs/1 148k :)

cc: A, Matiuk (BEC) 1w
N. C. Horning (BLC) v
RMS (BEC) v

E. W. Dotson (HL&P) 2L
8. W. Heery (W Mouston Office) L
G. Glasbergen (W So. Texas Site 1L
A. L. Mogarth (W So.Texas Site) 2L
R. Shomo (W So.Texas Site) v
C. W. Rowland (W So.Texas Site) 1L
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MECHANICAL EQUIPMENT QUALIFICATION
APPROACH

AND
FLOW DIAGRAM

(Excerpts from MEQ-1 Report, Section 5,pages 5-1 & 5-2)
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5.0 MECHANICAL EQUIPMENT QUALIFICATION APPROACH

The non-metallic parts of the safety-related mechanical equipment are
{dentified in Appendix A. Also in this Appendix the Mechanical Equipment
Qualification Summary status for each part is provided. A determination is
sade during qualification analysis in Appendices A and D as to whether the
pon-metallic part is required for the equipment to perform its safety
function. If a part is not required, no further aualysis is performed and the
rationale is provided. If the part is required, it must be constructed of
materials with the capabilities to withstand the enviromment and process
condition imposed on i1t. The non-metallic part's degradation must not prevent
the equipment from performing its safety functions during its exposure to
these environmental conditions.

~

Material capabilities are compared against the envirommental and process
effects of radiation, temperature, and aging, to determine part
susceptibility. The Arrhenius equation is used where applicable to calculate
the life of materials. The effects of pressure and humidity were not analyzed
since these are enveloped by the process conditions given in the design
specification. The effect of external beta radiation is considered to be
fusignificant as the pon-metallic parts are shielded.

The non-metallic material qualification in Appendix D shows the results of the
material capability analysis, and the qualified life of each non-metallic
saterial . The life calculation is based on the radiation and temperature only
and must e used in conjunction with the specified maintenance/surveillance
program identified in equipment manual provided by respective vendor/
manufacturer.

A flow diagram of the overall approach for mechanical equipment qualification
is shown on P. 5.2.

wam faawmamnn
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SOURCE: MEQ-1
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SECTION 3 ~Purchase Order No. & Equipment Description
|
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| I
PURCHASE ORDER| BQUIPMENT DESCRIPTION | SPECIFICATION NO.
l %
4C56 |Essential Cooling Water | 3R289NS0036-0
=un Cleaning :
! |
4062 S5 Pool Gate System = 3F269550034-1
' |
4076 |ECW Pump Lube Strainers |  3IR289NS0037-E
4092 Essential CLG Water JR289NS0035-E
|Traveling Screens
4099 Alr Handling Units | 3v259vS0005-1
4102 Refrigeration | 3V249VS50004~0
; l
a1l 5 Metallic Expansion Joints| SL3IS9PS0505-3
4119 ° |Safety Class Pans 3V229VS0002-3
4120 Safety Class Fans 3V229vS0002-3
}
4122 Miscellaneous Pumps & 3Q089NS0001~0
Motors
Ir
4129 |Safety Class Part Filters|  3V239VS0003-2
|& Control Panels
4168 Safety Class Dampers 3v289vs0008-3
4308 Pulsation Dampeners for 2R179M51012~1
| Pumps |
| |
MFARDL/BDMPGTL

"o’-



SECTION 4~ Environmental Conditions

1 ' SOURCE: MEQ-1
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4.0 ENVIROWMEWTAL CONDITIONS (continued)
» Rev. 1

|

|
| |_Accident | |
| 4076/8076 34-104 |104: 1.0E02 - |
| 9-3 | |
|4092/8092 “"ﬁ""‘""—m "'Z”xo : - 1.0802 | x.ou"+z QE0L9NQ1009-6|
| |0-30days l
| 4099/8099 50-135 | 155: 1.0807 7.2806 IV259V80005-1|
| | 10.2-99sec | | |Note 9 |
| | | 150: | | | |
| | 199.1-600s0c/| | | |
| | | 135: | | | |
| - | | |
: 4102/8102 : 50-120 |125: o-xm-lx. 0E03 :x. 3E02 { IV249VS0004-1|
|115:14min 4E019NQ1009-6|
:m : : | | | :
|4119/6119 | S0-104 (120 1.0 1.3804 |
: | | | | |Note 9 |
l l |
' '1 ,omz m ‘
= | | ul;-) al | (Raf.180) |Note 9 :
|4122/8122 ., +To'-"xi'o ‘ "i 5*. """l"‘f_:i.o 3 | 1.0892 |
I - 104 |
o 40 |
:Eﬂ?ﬁ!‘ 2 -104 |1 1. 1. 3804 | 3v239v80003-3|
- |
|4168/8168 65-12 3.5804 . V80008-3|
l(huh the | | (Max) | Note 5 | Note 5 |w/damper uul
: ‘l :u. rig 4.1: : Ref . 180 |sheets '

o

|4168/8168 | 29-120 (120 | 1.0803 | x.ﬁo'o"";!mlnm' 50008-3 |
| (Outside | 1030 days | | |w/damper datal
| the RCB) | | | | |sheets |
| 9 |
' - l ] . . - l
| | 10.2-99%0c | | | 4BO19NQL009-6|
| | | 180 | | | |
| | 199.1-600s0c| | | |
| | | 138 | | | |
| - | | -
14310/8310 50-120 1125:0-10min| 1.0803 | 1.3802 |3v249vs1007-3|
| 514 | 4E019NQ1009-6|

* No safety related organic/non-metallic components (Ref.

LA926MEQ/STP L

164)
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4.0 ENVIRONMENTAL CONDITIONS (continued) 14926-MEQ~1

Rav. 2

1) The Essential CLG Water Travelling Screens are located in the
essential cooling water intake structure. The environmental
conditions therefore are obtained from 4E0L9NQLO09-Rav. 7,

2) Deleted.

3) There are two (2) areas outside the containment as specified by
4E0L9NQL009-7 which are exposed to more than 1.0807 rads (gamma
only) for mormal range 40 years total integrated dose (TID). These
rooms {n building MAB are:

Rooa
a) MHigh Activity Spent Resin Storage Tank 0054
b) Mixed Bed Demineraliszer Cubicles 244A-T

Since no tag MNo. was identified in Rooms 0054 & 244A-T (Rafer to EQ
master file liscing dated 6/26/86). The worst case normal
radiation of 2.0807 Rads (for inside RCB except reactor cavity
rooms) is used as a conservative normal radiation level for the
qualification of inside and outside RCB.

4) (Deleted)

$) The environmental conditions for the safety-related dampers with
no actuators in P.O. 4168/0168 are listed. The environmental
conditions for the safety-related dampers with Hiller pneumatic
actuators, Model 6SA Series are:

Temperature Radiation
Normal: 29-120°r 1000 Rads
Accident: 120°r 4300 Rads

The environmental conditions for the safety-related dampers
with Borg-Warner modulating hydraulic actuators, Models RMH-FC
and ROH-FC are:

Tesperature  Radiation

Normal : 50-104°F 1000 Rads
Accident 1a20%r 13,000 Rads
LA926MEQ/STP2
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4.0 ENVIRONMENTAL CONDITIONS (continued) 14926-MEQ-1

(‘ - Rev. 2

6) (Deleted)

7) Por the outside containment radiation of 1.0E07 Rads is the
worst case for all locations except rooms 0054 and 244A-T.

8) The turbine-driven pump and its associated equipment shall be
qualified for the environmental conditions existing when cubicle
ventilation has been lost. PFor this state of operation, this
equipment must be qualified for the temperature rising from a
steady temp. of 104°F to 140°F in a J0-minute period and

continiing to increase at the rate of 15°F/Day for a period of 2
days once every 8 years, snd excursions of 130°F for a duration of

24 hours once a year (Ref. 3514950043, Rev.3).

9) The environmental conditions were determined per EQ Master
File Listing and Design Criteria (4E019NQL009, Rev. 7) for the |
specific room where the equipment is located.

10) Worst case harsh environmental conditions enveloping all areas
in IVC cubicles (excluding accident condition), EAB, DGB, MAB
rooms 18, 18A, 33, 39 and 62, Puel Handling Building and Control
Room (Inaccessible Areas).

11) In Puel Handling Building, radiation exposure of 40-year
normal Operation and 180-day post accident are 2.0E03 Rads and
8.0E06 Rads respectively.

@

L4926MEQ/STP2
- ‘. ’ -




APPENDIX A

( Definition of symbols & determination of
Qualfried Life. Taken From MEQ-1 pages
A-1 & A-2)



14926-MEQ~1
Revision 2

APPENDIX A

The following are the definitions of some of the headings, abbreviations, and

symbols used in this appendix:

A

CONVENTION | FORM APPEARED IN
APPENDIX "A" DEFINITION
ACCEPTABLE
accept; ACCEPT

STATIC + Sta, S, s The part containing the dcgndable material
operates on static mechanical clearance
(non-moving surfaces).

DYNAMIC + |Dyn, D, d The part containing the degradable material

UNDER REVIEW; U.R.

A e t fen
R o i
® — k.
—— Q.Lo
Item No. Item #
SEE ALT

|Ref. Document
|(e.g. 01003AFC)

operates on dynamic mechanical clearance
(moving surfaces).

The information is c:m under review and will
be resolved on the next revision.

Function

Non-metallic Qualification Data Sheet (shown
in Appendix D).

Qualified Life X

FAY

Fictitious number assigned when material
requisition Item No. not available.

The manufacturer recommendation material is
not qualified use recommended alternative
material,

Ref. document numbers shown in this Appendix A
are for Unit 1 equipment unless othervise noted.lé

x See page A-2

4+ Table Heading

‘ ') EQR/MFARD1



14926-MEQ-1
Revision 2

) ) APPENDIX A

The qualified li« ‘s either a calculated life based on the radiation and
temperature capabi.ities shown on the material data sheet (MDS) or the
1ife extracted frou the reports listed below. If both are available, the
more conservative life is used. The qualified life must be used in
conjunction with the smpecified maintenance/surveillance program identified
in equipment manual provided by respective vendor/manufacturer.
4026EQ1~-00001-DUL 4027EQ2-00008~BUP 4028-00073~AHM
i029tQ-00004-AnA 4030BQ1~00001~BUL 4030EQ-00007-BXD
4031EQ~00001~BAG 4032EQ1-00001~BUL 4037EQ-00001~AML
4039EQ-00002-B%G 4409-00257-CVT 4409-00245-AVT
4409-00244-BVT 4409-00243-AVT 4405-00207-CVT

4409-00206-BVT 4409-00204~-CVT 4409-00203-CVT

4409-00201~-CVT 4409-00200-BVY 4409-00199-BVT

4309-00193~CVT 4409-00192-AVY 6360-00022-BFV

€378-00090-2DA 6380~-00019~AZD 6381-00024-CJL

6412-00024-C02 6413-00044-BFR 6452-00002~-A01

6455-00025-BQY 6373-00068-ANY 0387EQ(1)~-00001~-GUL
0011(1)-00158~CPD

4018-00003~-BSC 4022EQ1-00001~BET 4040EQ1~-00001~BHY

4053-00016~BBT 40556EQ1-00002-BUL 40706EQ1-00001-BUL

4092EQ1-00001-CUL 4099 -00105-BAN 4122701 ~-0N00) ~-BHX

4129-00116~-AMN 4168-00267-BVA 4310-00182-AYD

4315-00110-BIQ 4318-00035-DJJ 4330-00057-CYN

. EQR/MFARD] A-2



APPENDIX A

(Specific page in Appendix A for Tag Number 3V101VDA222)

SOURCE: MEQ-1



PURCHASE ORDER:4168/8168 SHEET____ 1 OF ‘
EQUIPMENT :DAMPERS APPENDIX A REVISION
SOUTH TEXAS PROJECT ORIGINATOR DATE é
~ MECHANICAL EQUIPMENT QIJALIFICATION CHECKED DATE ot .
m "WAT'L GUAL DATA
Tag Wo. Component Fen Walnienwnce |Recommended .
Item No. Descrip. |[Degradable Pert sSta/| Ref. Repl wcement Matl Oual| Gual. |Alternative
part & Cat.No.| Material |Dyna|Document| Requirements Ild. Doc.| Status Material Remarks
TVIOTVOADSS — |SAFETY — |EPOR-T BULB  |ETWVLENE  |OVM |OO2BT8VA|a.L. 5 VRs | #108 |AccEPT WOTE 1 AND FOR
3VI01VDAT13 CLASS SEAL BLADE EDG|PROPYLENE OUTSIDE
3VI01VDAT1S DAMPERS SEAL MCL#T395 |DICONJ.MONMR CNTNMNT ONLY
“1°]m1 19 (M.‘z .......................... csee essenssssnsnsnnnnn J ...........................................
3V101VDA120 NBD-53 VITON O-RING |FLUROCARBON |STA |a.L. 8 YEARS NMO#13S  |ACCEPY OUTSIDE CONTAI
IVIOIVDAITS NBD-70 & |2116-VBB4TS, |(VITON) NMENT APPLICAT
IVI01VDA222 NBD-T1) 2214-%,2218- 10N ONLY
”‘o‘m .......................... eeeel = Jececccccccccscccccc]eccccconcflececcccafoccccscccccsejeccsccsnncanes
3V102VDAOS2 EPT-4 VEDGE ETHLYN/PROPY |DYN |o.L. S YEARS NMO#106  |ACCEPT {OUTSIDE CONTAI
IV102vDA113 SEAL W/DRYBCK '[LYN/TERPLYMR NMENT APPLICAT
3vi02vDAT18 ADNSV/MCLNT4L08|CLSD CL SPNG 10N ONLY
3'102”‘1" -------------------------- cvne wsssssssssnnnsnnan J -------------------------------------------
3V102vDA120 EPOM3 BLB umiuuvlmv!ovl Q.L. S YEARS NMO#106  |ACCEPT #wmu COITAl
3VI02VDAI T3 SCTCHGRP 1300 |LYN/DI-CONJU ? NMENT APPLICAT
3V102VDA222 ADHSY MCL#T4L04 {GATD MONOMER 10N ONLY
’v'mn ........................... eeesl = Jescccsccscccccccccfecccccccc]occcnccnfeccncrnccncnjoces cssessevan
IVI11VDAOTS EPT RECTNGLR |ETHLYN/PROPY |STA Q.L. 20 YEARS NMOR106  |ACCEPT #M TG#S USED
IVI11VDAOT6 SPNG FLNG GSKT |LYN/TRPOLYMR IVI21/122V0A,
IVI1IVDAOT7 RUBATEX R49ST 163,164,165
SVIIIVDADOTS | 3 |ecccecccccccccfencocccrcace e-sel = lecccscccscccscsccs]ecccccccnf]ecccccsn]ecccccncnnccfonen ssssssssse
IVI11VDA215 GE RTV-10& SILICON STA Q.L. 10 YEARS NMQ#132  |ACCEPT
IVI11VDA216 SILICONE SEAL
IVI1IVDA217 COMPOUND
IVIIIVOA2I8 | 3 |ececesceccccccjevcscccccece eensl 0 eesscccccscccnccns J ...........................................
IVI1IVDA219 BALL BEARING |WOOL FELT & |DYN NOTE 2 NOTE 2 Hm! 2 OUTSIDE CONTA-
IVI11VDA220 ASSEMBLY FLNGR |POLYAMIDE INMENT APPLIC-
IVI11VDA224 ENYLON COATING|(NYLON) ATION ONLY
IVITIWA22S | 000 feeececerccscaa]eceicninnans cosel  Leesssesecctscocsesosscccscofesncscccfeccascccsncelonsscccnscccne
IVI11VDA226 \
IVI11VDA2S2
IVI11VDA253
IVI11IVDA254
IVI11IVDA261
IVI11IVDA262
IVI11VDA263
IVITIVDA264
IVI11VDA265
IVI1IVDA266
IVITIVOALSS
IVITIVDA2TS
IVI11IVDA276
IVI1IVDA277
IVI11VDA286
IV111VDA287
IV111VDA288
3v111VDA289




PURCHASE ORDER 4168/8168 SHEET 8 oF -
EQUIPMENT DAMPERS REVISION |
0 APPENDIX A ORIGINATOR __ 44 DATE 10/3//eé
SOUTH TEXAS PROJECT CHECKED Np DATE /1/€6

MECHANICAL EQUIPMENT QUALIFICATION ) .

NOTE: 1. Unit 2 tag nos, have nou been checked against the latest Unit Z EQ Masterfile Li'oting.

ey~ 2. Sealmaster Relubricable Ball Bearing with Wool Felt Seal Nylon coated steel ball retainer 90° grease
fitting and Shell Alvania No. 2 grease, These materials are qualified to outside contaimment
application. Refer to 4168-00267-BVA P.8 and P.55.

3. The EPT-4 jamb (wedge) seal was to be replaced by a metallic seal which wasunafjected by the
envirommental parameters. Modified dampers are Model NBD-53, damper tag nos. 3V141VDA-165 through -168
and 3V142VDA-165 through 168, (Refer to 4168-00267~BVA, page 370/Section 9.0)

4, The EPDM-3 would maintain its functionality if mechanically fastened as well as adhesively bounded for
use inside contaimment. (Refer to 4168-00267-BVA, page 370/Section 9.0). :

STPAPPXA/ st pappxa
Page 43



APPENDIX Al

LUBRICATION FOR SAFETY RELATED

DAMPERS

SOURCE : MEQ -1
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PURCHASE ORDER 4168/8168 SHEET 2, OF 2
EQUIPMENT DAMPERS _ REVISION '
APPENDIX Al ORIGINATOR ___x ., DATE /4/- JS6
SOUTH TEXAS PROJECT CHECKED o DATE "y /2786

MECHANICAL EQUIPMENT QUALIFICATION

1. Refcrence 82B provides Gulf 01l Co.'s recommendations of alternative Gulf lubricant replacements, 1f

— WOTES
any. The original equipment manufacturer has yet to approve or disapprove the Gulf alternatives.

APPENDA1l/Disk C



APPENDIX C

(Specific pages in the Non-Metallic Qualification for material
‘ identified in the equipment)

SOURCE: MEQ-1



&

SHEET 1 of 1
REVISION \
ORIG . MTE AT [

APPENDIX C
SOUTH TEXAS PROJECT
MECHANICAL EQUIPMENT QUALIFICATION PROGRAM
NON-METALLIC MATERIAL QUALIFICATION

MATERIAL: MOLYKOTE M-#41 GREASE FROM DOW CORNING

MATERIAL DATA SHEET: MDS - 22

ASSOCIATED

P.0.: 4034/8034;4168/8168

SYSTEM MEDIA: Air

QUALIFICATION: LUBRICANT OF BALL BEARINGS OF BACKDRAFT DAMPERS ACTUATORS
INSIDE THE CONTAINMENT. THE QUALIFICATION PARAMETERS ARE
SUMMARIZED BELOW.

PARAMETERS

ENVELOP ING
ENVIRONMENTAL
CONDITION

MATERIAL
CAPABILITIES/
QUALIFICATIONS

REMARKS

TEMPERATURE (F)

OPERABILITY TIME

|
|
|
|
|
|
|
|
|
|
|
|
|
|
‘l
RADIATION (RADS) 'l
|
|
|
|
-1

NORMAL: 29 - 120
ACCIDENT PROFILE:
170, 1.0 sec

323, 10 - 200 sec
280, 500 - 5000 sec
170, 1 day

140, 1 - 11 days
120, 11 - 30 days

=31 TO 550r

PROCESS:
AMBIENT ENVIRONMENT
30 days

NORMAL: 2.0E07 5.0E08
ACCIDENT: 2.3EO07

SAME AS THE AMBIENT
ENVIRONMENT

I
|
|
|
I
|
|
|
|
|
|
|
i
|
|
|
|
I
|
|
INTERNAL: |
|
I

— —— — —— — — —————— — —— — —— — —— —

MAINTENANCE
REPLACEMENT
RECOMMENDATIONS:

CONCLUSIONS: The
not

FOLLOW THE ORIGINAL EQUIPMENT MANUFACTURER'S REPLACEMENT
RECOMMENDATIONS AS STATED IN APPENDIX Al.

radiation damage threshold far exceeds the requirements, and is
considered radiation sensitive for the specified enviroment,.

Since the thermal capability also far exceeds the requirement, the
lubricant is not considered temperature sensitive for the specified
environment. For P.0., 4034,8034, lubricant is used in reassembly
only, and does not perform any safety function. Therefore, this
lubricant is qualified for this plant specific application.

DOC/appndxCl1/32



STP NQ # 47

SHEET 1 of 2
REVISION 1

ORIG. _ ~2x( DATE ,o/=./5¢
CHKD. _ _pc DATE /2 s

APPENDIX C
SOUTH TEXAS PROJECT
MECHANICAL EQUIPMENT QUALIFICATION PROGRAM
NON-METALLIC MATERIAL QUALIFICATION
MATERIAL: GULFCROWN GREASE FROM GULF OIL CoO.
MATERIAL DATA SHEET: MDS - 47
ASSOCIATED
P.0.: 4000/8000;4027/8027;4029/8029;4038,8038;4041/8041;4092/8092;4122/8122;
4168/8168;4315/8315;4409/8409

SYSTEM MEDIA: Air

QUALIFICATION: LUBRICANT USED ON BEARINGS. THE QUALIFICATION PARAMETERS ARE
SUMMARIZED BELOW.

ENVELOP ING |  MATERIAL
PARAMETERS ENVIRONMENTAL REMARKS
CONDITION | QUALIFICATIONS

| CAPABILITIES/
|

NORMAL: 29 - 135 10 TO 250F
ACCIDENT PROFILE:
iyu, 2.5 sec
335, 20-400 sec
324, 400 sec-0.5hr
203, 1 hr-7 days
104, 7-30 days

TEMPERATURE (F)

| 379 DROPPING PT.|SEE REFERENCE 246,
|ACCEPTABLE

PROCESS: 200F | (SEE NOTE)

OPERABILITY TIME 30 days

RADIATION (RADS) | NORMAL: 2.0E07 | 2.0EO8 RADS

ACCIDENT: 2.3E07 |

INTERNAL: | INOT IN CONTACT WITH
| |THE PROCESS FLUID
| (REF. 198)
J— Py —— - joe -
MAINTENANCE
REPL ACEMENT

RECOMMENDATIONS: FOLLOW THE ORIGINAL EQUIPMENT MANUFACTURER'S REPLACEMENT
RECOMMENDATIONS AS STATED IN APPENDIX Al.

CONCLUSIONS: The radiation damage threshold far exceeds the requirements, and
is not considered radiation sensitive for the specified
enviromment. Since the thermal capability also far exceeds the
requirement, the lubricant is not considered temperature
sensitive for the specified enviromment, Therefore, this
lubricant is qualified for this plant specific application.

2/appCl/5



STP NMQ # 47
SHEET 2 of 2

NOTES: Based on the above P.0.'s, the process temperature that the lubricant
for the Limitorque Valve operator will be exposed to are: 200°F per
4041/8041, 120°F per the "RA" system of 4029/8029, 135°F per 4032/8032
(See telecon E003034, Ref. 165) & 130°F per 4038/8038, Therefore, the
maximum process temperature the lubricant will experience is 200°F,

@

@

2/appCl/6



STP NMQ # 53

SHEET 1 of 1
REVISION {
ORIG. B DATE ,¢/5./4s

CHKD. ME DATE g (2 [¥c

APPENDIX C
SOUTH TEXAS PROJECT
MECHANICAL EQUIPMENT QUALIFICATION PROGRAM
NON-METALLIC MATERIAL QUALIFICATION

MATERIAL: GULFHARMONY #68 FROM GULF OIL CO.
MATERIAL DATA SHEET: MDS - 53
ASSOCIATED

P.0.: 0011(1) &

C011(2);4000/8000;4014/8014;4040/8040;4041/8041;4053/8053;4168/8168

SYSTEM MEDIA: Alir
QUALIFICATION: LUBRICANT USED ON THE DAMPER BEARINGS & LINKAGE PIVOTS, AC

GENERATOR BEARINGS AND THE MOTOR BEARINGS OF THE ECW PUMPS.
THE QUALIFICATION PARAMETERS ARE SUMMARIZED BELOW.

ACCIDENT PROFILE:
290, 0.5 sec

335, 20-400 sec
324, 400 sec-0.5hr
203, 1 hr-7 days
104, 7-30 days

ENVELOPING MATERIAL |
PARAMETERS ENVIRONMENTAL CAPABILITIES/ | REMARKS
CONDITION QUALIFICATIONS |
- |- —

TEMPERATURE (F) NORMAL: 29 - 135 40 TO 130F |
|

|

|

| ACCEPTABLE FOR TRANSi-

|ENT TEMPERATURE NOT TO
4S50F FLASH PT. |EXCEED 85X OF FLASH

|PT. (REF. 246)
PROCESS: 200F

OPERABILITY TIME 30 days

RADIATION (RADS) | NORMAL: 2.0E07 1.0E0S RADS

ACCIDENT: 2.3E07

INTERNAL: SAME AS THE AMBIENT

l
|
|
-
|
|
I
|
|
|
|
I
|
I
I
|
|
|
|
|
|
|| ENVIRONMENT.

MAINTENANCE

REPLACEMENT

RECOMMENDATIONS: FOLLOW THE ORIGINAL EQUIPMENT MANUFACTURER'S REPLACEMENT
RECOMMENDATIONS AS STATED IN APPENDIX Al.

CONCLUSIONS: The radiation damage threshold far exceeds the requirements,
and {s not considered radiation sensitive for the specified
enviromment, Since the thermal capability also far exceeds the
requirement, the lubricant i{s not considered temperature
sensitive for the specified environment. Therefore, this
lubricant is qualified for this plant specific application.

2/annCl/13
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STP NMQ # S3E
SHEET 1 of 1

REVISION |

ORIG. _+q DATE /e /2, / ve-

CHKD. LE DATE_ ({ [3 (&L
APPENDIX C

SOUTH TEXAS PROJECT
MECHANICAL EQUIPMENT QUALIFICATION PROGRAM
NGN-METALLIC MATERIAL QUALIFICATION

MATERIAL: GULF HIGH TEMPERATURE GREASE FROM GULF OIL CoO.
MATERIAL DATA SHEET: MDS-53E

ASSOCIATED
P.0.: 0011(1) & (2);4000/8000;4027/8027;4034/8034;4041/8041;4168/8168

SYSTEM MEDIA: Air

QUALIFICATION: LUBRICANT IS USED AS THE ALTERNATIVE LUBRICANT FOR THE BOTTOM
BLOCK SHEAVE BEARINGS AND UPPER SHEAVE BEARINGS OF THE
EQUALIZER FOR THE EQUIPMENT HATCH. ALSO USED AS THE
ALTERNATIVE LUBRICANT IN THE INTERNAL PARTS OF THE MECHANICAL
& INTERLOCK SYSTEM OF THE AUXILIARY AIR LOCK. THE
QUALLFICAT™ON PARAMETERS ARE SUMMARIZED BELOW..

ACCIDENT: 2.3EO7

| ENUELOPING |  MATERIAL |
PARAMETERS | ENVIRONMENTAL | CAPASBILITIES/ | REMARKS
l‘ CONDITION l| QUALIFICATIONS |I
TEMPERATURE (F) | NORMAL: 29 - 135 | O TO 325F |
| ACCIDENT PROFILE: | |
| 290, 0.5 sec | |
| 335, 20-400 sec | |
| 324, 400sec-0.5hr | |
| 203, 1 hr-7 days | |
| 104, 7-30 days | S68F DROPPING |SEE REFERENCE 246,
| | POINT | ACCEPTABLE
| PROCESS: AMBIENT | |
| ENVIRONMENT | |
OPERABILITY TIME 'l 30 days ; |
|
RADIATION (PADS) : NORMAL: 2.0E07 || 1.0E08 RADS |
|
| | |
| | |
| |
| |
| |
-| -

INTERNAL: INOT IN CONTACT WITH
|THE PROCESS FLUID
| (REF. 198)
MAINTENANCE
REPLACEMENT

RECOMMENDATIONS: FOLLOW THE ORIGINAL EQUIPMENT MANUFAZTURER'S REPLACEMENT
RECOMMENDATIONS AS STATED IN APPENDIX Al.

CONCLUSIONS: The radiation damage threshold far exceeds the requirements,
and i{s not considered radiation sensitive for the specified
environment, Since the thermal capability also far exceeds the
requirement, the lubricant i{s not considered te:pcntute

the specified envirgmment. refore, this
::g:ﬁ::: {:rqultfg:fl for :fu- pi-nt spec'i?ic lPPhClHO“-
2/appCl/18
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APPENDIX C STP NMQ ¢ 72

SHEET 1 | ehur
REVISION |
ORIG. .=>t( DATE rc/3. /{é

CHKD. DATE
pas —HE__NEYLle o

TEXAS PROJECT
MECHANICAL BQUIPMENT QUALIFICATION PROGRAM
NON-METALLIC MATERIAL QUALIFICATION

MATERIAL: ALVANIA #2 GREASE FROM SHELL
MATERIAL DATA SHEET: MDS - 72

ASSOCIATED
P.0. 4014/8014:4119/8119,4168/8168

SYSTEM MEDIA: Air

QUALIFICATION: LUBRICANT USED IN THE DAMPER BEARINGS & MOTOR BEARINGS. THE
QUALIFICATION PARAMETERS ARE SUMMARIZED BELOW.

ENVELOPING | MATERIAL |
PARAMETERS ENVIRONMENTAL | CAPABILITIES/ | REMARKS

CONDITION | QUALIFICATIONS |
| |
TEMPERATURE (F) NORMAL: 65 - 120 |-30 TO 275F |
ACCIDENT PROFILE: | |
323, 10 - 100 sec | |
280, 500 - 5000 sec| |
185, 1 day | |

75, 11 days | | SEE REFERENCE 246,

120, 30 days | 365F DROPPING POINT|ACCEPTABLE

PROCESS: 165F

OPERABILITY TIME 30 Days

RADIATION (RADS) NORMAL:  3.5E04 2.0E08 Rads

ACCIDENT: 2.3E07

INTERNAL: |SAME AS THE AMBIENT

| ENVIRONMENT

MAINTENANCE

REPLACEMENT

RECOMMENDATIONS: FOLLOW THE ORIGINAL BQUIPMENT MANUFACTURER'S REPLACEMENT
RECOMMENDATIONS AS STATED IN APPENDIX Al.

CONCLUSIONS: The radiation damage threshold far exceeds the requirements, and
is not considered radiation sensitive for the specified

environment. Since the thermal capability also far exceeds the
requirement, the lubricant is not corsidered temperature sensitive

for the specified environment. Therefor2, this lubricant is
qualified for this plant specific application.

The item has been deleted from P.O. 4119/8119 since the
centrifugal fans do not exist at STP.

1380T/Page 18
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MATERIAL. EPT/EPDM
MATERIAL DATA SHEET:

ASSOCIATED P.O. .

QUALIFICATION: EPDM

APPENDIX C

STP NMQ #106
SHEET 4 oF 1) /
REVISION 2 3

ORIG. w1 DATE 10-3:-26
CHKD. WNY DATE (/-/-8C
SOUTH TEXAS PROJECT

MECHANICAL EQUIPMENT QUALIFICATION PROGRAM
NON-METALLIC MATERIAL QUALIFICATION

MDS #106

4168 (Outside RCB)

is used as blade seal material (Mechanically fastened).

ENVELOPING | MATERIAL
ENVIRONMENTAL |  CAPABILITIES/
PARAMETERS CONDITION | QUALIFICATIONS REMARKS
TEMPERATURE (F)

OPERABILITY TIME

RADIATION (RADS)

| |
| |
| |
| | |
| MORMAL: 120 (Max)| Aging Test: |
| | 584 Hrs at 203 F |
| ACCIDENT: 120 Max| (95°C) |
| | |
| |
| PROCESS: N/A |
| |
|
|
|
|
|
|

|
|
|
|
| |Sheet (Dwg. No.
|
|
|

30 Days | HVAC Damper Data

NORMAL: 1.0E03 3.54E06 | 3v289V24010) & Wyle
|Test Report No.

ACCIDENT. 1.7E06 | #47531-1)

|
| INTERNAL:3.96E04 | |

QUALIFIED LIFE

CONCLUS IONS

NMQMF 2 /APPC2/18

S years at 120°F for wedge seal (EPT) with dryback adhesive.
20 years at 120°F for flange gasket (EPT) used on damper tag

Nos. 3V121/122VDA163 164, & 165 only (Ref. 4168-00267BVA) . —

5 years at 120°F for bulb seal (EPDM) with 3M scotchgrip 1300
adhesive. 15 years at 120°F for bulb seal (blade edge seal).

Acceptable.



APPENDIX C
STP NMQ # 132
gt T W 3
REVISTON 1
ORIG. A/2_ DATE /0-1/-86
CHKD. may  DATE 1/1-/-#¢
SOUTH TEXAS PROJECT

MECHANICAL EQUIPMENT QUALIFICATION PROGRAM
NON-METALLIC MATERIAL QUALIFICATION

MATERIAL: GE RTV-106 SILICONE SEALANT

MATERIAL DATA SHEET: MDS #132

OPERABILITY TIME 30 DAYS

ASSOCIATED P.O.: 4168
QUALIFICATION: SILICONE IS USED AS SEALING COMPOUND FOR BOTH INSIDE AND
OUTSIDE CONTAINMENT APPLICATION.
ENVELOP ING | MATERIAL |
ENVIRONMENTAL |  CAPABILITIES/ |
PARAMETERS CONDITION | QUALIFICATIONS | REMARKS
| |
TEMPERATURE (F) NORMAL: 120 (Max) | AGING TEST |
| 584 HRS @ 203°F |
ACCIDENT: 323(Max)| (95°C) |
|
|
|
|
|
|

|REF., WYLE TEST REPORT
INO. 47531-1.

NORMAL: 3.5E04

RADIATION (RADS)

|

|

|

I

|

|

|

| |
:rnoczss: N/A :
| |
| |
| |
| |
| |
| |
| |
| |
|

ACCIDENT: 2.3E07 1.54E08 | (4168-00267-BVA,
|P.90)
INTERNAL: 3.96E04 |
|
QUALIFIED LIFE: 10 YEARS (REF. 4168-00267-BVA) <
CONCLUSIONS: ACCEPTABLE
NQ121140/NQ121t140
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MATERIAL:

APPENDIX C
STP NMQ # 135
SHEET 2_OF 7
REVISION 2
ORIG. w2 DATE ro-3/-p(
CHKD. w7 DATE /r-/-p4

SOUTH TEXAS PROJECT

MECHANICAL EQUIPMENT QUALIFICATION PROGRAM

NON-METALLIC MATERIAL QUALIFICATION

VITON

MATERIAL DATA SHEET: MDS #135

ASSOCIATED P.O.:

4168

|
| INTERNAL: 3.96E04

QUALIFICATION: VITON 1S USED AS O-RING MATERIAL FOR OUTSIDE CONTAINMENT
APPLICATION,
| ENVELOP ING | MATERIAL |
| ENVIRONMENTAL |  CAPABILITIES/ | >
PARAMETERS | CONDITION | QUALIFICATIONS | REMARKS
1 | |
TEMPERATURE (F) |NORMAL: 29-120 | 400 |
| | |
|ACCIDENT: 120 | |
| | |
|PROCESS: N/A | |
| | |
OPERABILITY TIME | 30 DAYS | ‘
| |
RADIATION (RADS) |NORMAL: 1.0E03 | 8.75E06 |
| | (Max. for dynamic |
|ACCIDENT: 1,7E06 | application) |
| |
| |
| |

QUALIFIED LIFE:
CONCLUSIONS:

NQ121140/NQ121¢t140

8 YEARS AT 120°F (REF. 14926-4168-00267-BVA). -

ACCEPTABLE

Lé)



APPENDIX B

(Specific pages in Appendix B that address the threshold level of the
material under investigation in the component )

SOURCE: MEQ-1



MATERIAL DATA SHEET

MATERIAL. MOLYKOTE #M-41 GREASE
GRADE, CLASS.

MANUFACTURER(S). DOW CORNING
SHELF LIFE: 18 MONTHS

TEMPERATURE RESISTANCE.

OPERATING RANGE. =-31 TO 550°F (USEFUL
RANGE )

TRANSLENT.
TEMPERATURE LEVEL FOR
NO DETERIORATION. (a)
THRESHOLD FOR NOTED
DETERIORATION. (b)

(e)

(d)

REFERENCES. (a) (b) 58 P.32

ARRHENIUS CONSTANT.
BASIS.
REFERENCE .

RADIATION RESISTANCE:

RADIATION LEVEL FOR SLIGHT DETERIORATION

GAMMA . (a)
(b)
THRESHOLD FOR NOTED DETERIORATION
(c) SUU MRADS
(d)

MDS21t40/Memo32
Page 3

VISCOSITY.

REFERENCE :

MEDIUM:

REFERENCE.

REFERENCE .

(¢)

- B
58 P.32
(d)

-

APPENDIX B

MDS # 22
Page 1 of 2

Revision

ol



L

REFERENCE: (a)
(e)

DOSE RATE EFFECTS:

REFERENCE:

SYNERGISTIC EFFECTS.

REFERENCE.
MEDIA LIMITATIONS.

REFERENCE -

NOTES. MOLYKOTE H—lbi GREASE 1S A CARBON BLACK-GELLED METHYLPHENYLSILICONE AS

INDICATED IN 111B. ITS RADIATION DOSAGE FOR SLIGHT DETERIORATION IS

MATERIAL DATA SHEET (cont'd)

(e)

(f)

(8)

(h)
(b) (c) 58 P.32
(f) (8)

(d)
(h)

-

APPENDIX B

MDS ¢ 22
Page 2 of

Revision

ESTIMATED TO BE SEO7 RADS AND A MAXIMUM RECOMMENDED DOSAGE OF 2E08
RADS (REFERENCE 240).

MDS21t4U/Memo32
Page &

2

ol



APPFNDIX P

MATERIAL DATA SHEET

MATERIAL: GULFCROWN GREASE

MDS # 47
Page Refision 1

GPADE, CLASS: NLGI #2 VISCOSITY:
MANUFACTURER(S): GULF OIL CO
SHFLF LIFE: RE FERE MCE :
TEMPERATURE RE SISTANCE:
MEDIUM:
OPERATING RAMGE: 10 TO 250F REFERENCE: 82 ¢
TRANSIENT: 379 DROPPING POINT REFERENCE: 82 -—
TEMPERATURF LEVEL FOR
NO DETERIORATION (a)
THRESHOLD FOR NOTED DETLRIORATION: (b)
(¢)
(d)
REFERENCES: (a) (») (¢) (d)

ARRHFNIUS CONSTANT:
BASIS:
REFERENCE:

PADIATION RESISTANCE:

PADIATION LFVFL FOR SLIGHT DETERIORATION

GAMMA (a) RESISTANT UP TO 100 MRADS.

(b)

UP TO 500 MRADS, THF GRFASE SHOLT.D LITTLF OF XO
CHANGE IN OIL SEPAPATION.

THRESHOLDN FOR NOTED DETERIORATION

(¢)

(d)

MS41tob60/MEMOII
Pape 13

AT 100 MRANS, THF GRFASE CHANGED FROM LICGHT AMEFF
TO RED AND DARK AMRER, ANDM A PRONOUNCED RURNING
ODOR WAS PRESENT.

A PRAMATIC DECPLASE IK DROPPING POINT TRMPFFATUFE
WAS NOTED AT 250 MRADS.



MATERIAL DATA SHEET (cont'd)

APPENPIX B

MNS # 47
Page 2Refifion 1

L

(e) THE WORKED PENETRATION OF THE CREASE WAS SERIOUSLY
DEGRADED AT 200 MRADS. (MAXIMUM RECOMMENDED - SEE

NOTE)

(f) THF GREASE BECAMF MORE ACID AS RADIATION INCREASED
WITH SEVERE ACIDITY OCCURRING AT ABOUT 200 MRADS.

(g)
(h)
REFERENCE: (a) 101 p. 30 (b) 101 p. 31 (e¢) 101 p. 30
(e) 101 p. 31 (f) 100 p. N} (g)
DOSE RATE EFFECTS:
REFERENCF :
RYNERGISTIC FFFECTS:
REFERENCE: .
MEDIA LIMITATIONS:
REFERENCE:

NOTES: THF FOLLOWING DATA ARE FROM REFERFNCE 101:

DOSF DROPPINC POINT
SFO7 Unchanged
1F08 =27
2F08 -22
MNS41t 060/ MEMO3]

Pape 14

(d) 101 p. 31

(h)

WORKED PENFTRATION

+107



APPENDIX B

MATERIAL DATA SHEET
MPS # 53
Page Reyfiror
MATERIAL: GULFRARMONY #68 ’

GRANF, CLASS: AGMA #2 VISCOSITY: 323 SSUC100F
MANUFACTURFR(S): GULF OIL CO
SHELF LIFE: RE FERE NCF :

TEMPERATURE RESISTANCE:
MEDIUM:

OPEPATINC RANGE: 40 TO 130F REFERENCE: 82 -
TRANSIENT: 450F FLASH POINT REFERENCE: 82 -

TEMPERATURE LEVEL FOR
NO DETERIORATION (a)

THRESHOLD FOR NOTED DETERIORATION: (b)

(c)

REFERENCES: (a)

ARPHENIUS CONSTANT:

BASIS:

REFERENCE:

RADIATION RES. . 'ANCE:

RADIATION LEVEL FOPR SLIGHT DETERIOPATION

GAMMA (a) RESISTANT UP TO 10 MRADS (SEE NOTE).

(b)

THRESHOLD FOR NOTED DETERIORATION

AT THE 10 MRAD LTVEL SOME DETERIORATION OF RUST
PROTECTION 1S SFFN AS A 307 REDUCTION IN

OXIPATION STABRILITY.

(¢)

(d) AT THF SO MRAD LFV'L, FURTHER DETERIOPATIO® oF
RUST AND OXIDATION PROPERTIES CONTINUES. XNO
OTHFR ADVERSE REQILTS ARE NOTFD,

MNS41t 060/ MFEMO3T]
Pape 25




APPENDIX B
{ MATERIAL DATA SHEET (cont'd)
‘ MDS # 53
Page 2 of 2

Revision 1
(e) AT THE 100 MRAD LEVEL,NO RUST PROTECTION IEﬂQINS L s

THE REMAINING OAIDATION INHIBITOR HAS BEEN REDUCED TO
52%. (MAXIMUM RECOMMENDED - SEE NOTE)

(f) AT THE 200 MRAD LEVEL, OXIDATION STABILITY IS
ESSENTIALLY THAT OF AN UNINHIBITED OIL. ANALYSIS
SHOWED ONLY 15% OF THE OXIDATION INHIBITOR REMAINS.

(g)
(h)
REFERENCE: (a) 101 p.5 (b) (¢) 101 F.5 (d) 101 P.5
(e) 101 p 5 (f) 101 p.5 (8) (h)

DOSE RATE EFFECTS.

REFERENCE :

SYNERGISTIC EFFECTS.
‘. REFERENCE.

MEDIA LIMITATIONS.

REFERENCE:

NOTES. THE RADIATION RESULTS ARE BASED ON GULFHARMONY #68 BEING SIMILAR TO
GULFHARMONY #78EP AS A HARMONY CLASS OIL PER REFERENCE 82.
GULFHARMONY #68 1S EXPECTED TO REACT AND HAVE THE SAME RADIATION
TENDENCIES AS GULFHARMONY (REF. 82,TELECON).

DATA PERTINENT TO HARMONY #68 BUT FOR GULF HARMONY 78EP ARE FROM
REFERENCE 101.

DOSE VISCOSITY € 100°F
1E07 +2%
SEQ7 +7%
1E08 +152
2E08 +32%

MDS41tobu/MEMO 33
Page 26



APPENDIY P
MATERIAL DATA SHEET

((. WS ¢ SIF
Page 1 of 2

MATERIAL: GULF HIGM TEMPERATURE GREASE Revision 1

GRADE, CLASS: NLGCI f1 VISCOSITY: 600 sU'v @ 100F

MANUFACTURER(S): GULF OIL Co

SHELF LIFE: REFERENCE:
TEMPERPATURE RESISTANCE:
MEDIUM:
-
% OPERATING RANCE: 0 TO 325F REFERENCE: 82A (TEL) =
TRANSIENT: 568 DROPPINGC POINT REFERENCE: B82A
TEMPERATURE LEVEL FOR
NO DETERIOPATION (a)
THRESHOLD FOR NOTED
DETERIOPATION: (b)
‘® 1
(d)
REFERENCES: (a) (b) (¢) (d)

ARRHEXIUS CONSTAXT:
BASIS:
REFERENCE:
RADIATION RESISTANCE:
RADIATION LEVEL FOR SLIGHT DETERIORATION
GAMMA (a)
(b)
THRESHOLD FOR NOTED DETFRIOPATION

(c¢) 50 MRADS 142 INCREASE IK DROPPING POINT
152 INCRFASF IN PENFTRATION

Q. ADS41860/2F 033

Pape 35
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' APPEXDIX B

MATERIAL DATA SHEET (cont'd)
MDS # 53E
RePage ol iz

(d) 100 MRADS  11% INCREASE IN DROPPING POINT
18% INCREASE IN PENETRATION
(MAXTMUM RECOMMENDED)
(e)
()
e |
(h)
REFERENCE: (a) ) (¢) 101 p.32 (d) 101 p.32
(e) (f) (g) (h)
DOSE RATF EFFECTS:
REFERENCE:
«‘ SYNERGISTIC EFFECTS:
REFERENCE :
MEDIA LIMITATIONS:
REFERENCE :
NOTES: GULF HICH TEMPERATURE IS A CALCIUM COMPLEX SOAP THICKENED GREASE

IN MINERAL OIL (REF 82A).

THE FOLLOWING DATA APE FROM REFERENCE 101:

DOSE DROPPING PCINT WORKED PENETRATION
SEO7 +142 +15%
1E08 +112 +157%
2E08 -32 +27

i MNS4L1t60/MEMO3 3
m Pape 36
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APPENDIX B

MATERIAL DATA SHEET
MDS ¥ 72
Page 1 of 2
MATERIAL. ALVANIA #2 GREASE
Revision _l_
GRADE, CLASS: NLGI1 #2 VISCOSITY: 515 sus @100F *
MANUFACTURER(S). SHELL
SHELF LIFE: 18 MONTHS REFERENCE: 90

TEMPERATURE RESISTANCE.
MEDIUM:

OPERATING RANGE. =30 to 275F (SEE NOTE 2) REFERENCE. 90 *—

TRANSIENT: 365F DROPPING POINT REFERENCE: 90 -
TEMPERATURE LEVEL FOR
NO DETERIORATION: (a)
THRESHOLD FOR NOTED
DETERIORATION: (b)
(c)

- (d)

REFERENCES: (a) (b) (¢) (d)

ARRHENIUS CONSTANT:
BASIS.
REFERENCE.
RADIATION RESISTANCE.
RADIATION LEVEL FOR SLIGHT DETERIORATION
GAMMA. (a) 1EO7 RADS (SEE NOTE 3)
(b)
THRESHOLD FOR NOTED DETERIORATION

(¢) 2E08 RADS (MAXIMUM RECOMMENDED - BASED ON DATA FROM
A SIMILAR GREASE, GULFCROWN).

(d) SHELL TESTED ALVANIA #2 GREASES SHOWING A 20%
SOFTENING AFTER RADIATICON EXPOSURE AT 4.75E08 ROENTGENS
(4.1EU8 RADS) IN STATIC TESTS.

MDS61t8U/M31
Page 25



REFERENCE: (a) 101
(e)

DOSE RATE EFFECTS:

REFERENCE :

SYNERGISTIC EFFECTS.

REFERENCE:

MEDIA LIMITATIONS:

(T REFERENCE .
NOTES:

3
MDS61t8U/M31

Page 26

MATERIAL DATA SHEET (cont'd)

(e)
(f)
(8)
(h)

(b)
(f)

(¢) 101
(8)

APPENDIX B

MDS # 72
Page 2 of 2

Revision

(d) 90 -—-—u
(h)

1) REFERENCE 90 INDICATES THAT ALVANIA GREASES ARE
MINERAL OIL THICKENED WITH A LITHIUM 12

HYDROXYSTEARATE SOAP.

THESE GREASES ARE INHIBITED WITH

ADDITIVES FOR LONG SERVICE CONDITIONS. SHELL PERFORMED
TESTS ON ALVANIA #2 TO 4.8E08 ROENTGENS.

2) THE OPERATING TEMPERATURE 1S STATED AS A FUNCTION OF
THE BEARING SPEED FACTOR (REFERENCE 90).

3) DATA PERTINENT TO ALVANIA GREASES, BUT FOR GULFCROWN

CREASE ARE FROM REFERENCE 101.

DOSE
SEO7
1E08
2E08

4LEUB

DROPPING POINT

Unchanged

-22

Unchanged

-212

WORKED PENETRATION

+102

I



APPENDIX B
MATERIAL DATA SHEET
MDS # 106 Rev.|

Page 1 of 2
MATERIAL: ETHYLENE PROPYLENE ELASTOMERS
GRADE, CLASS: EPR(EPM*), EPT(EFDM*) VISCOSITY:
*ASTM Designation
NUFACTURER(S):
SHELF LIFE: REFERENCE:
TEMPERATURE RESISTANCE: MEDIUM:
OPERATING RANGE: 90°C (194°F) REFERENCE: 176/Table 4-87/ «—v
P.4-200
TRANSIENT: 350°F REFERENCE: 177/P.272 -
TEMPERATURE LEVEL FOR
NO DETERIORATION (a)
THRESHOLD FOR NOTED
DETERIORATION: (b
()
(d)
REFERENCES: (a) (b) (c) (d)

ARRHENIUS CONSTANT: 1n (Life) = 15524.1267(1/T)-29.8774 (EPR)
In (Life) = 17024.,15987(1/T)~-36.76409 (EPDM)

BASIS:

REFERENCE: 172/P.11 and P.27 .
RADIATION RESISTANCE:

RADIATION LEVEL FOR NO DETERIORATION

GAMMA (a) 1.0E06 Rads (Compression set)
(b)

THRESHOLD FOR NOTED DETERIORATION

(¢) 1.0E07 Rads: No dynamic seals be used after radiation
doses greater than 1.0EO7Rads.

(d) 2.0E07 Rads: EPDM 50X compression set
(e) &.6587E07 Rads: EPDM 702 compression set
(f) 5.0E07 Rads: EPR: =-59X elongation

EPDM: -52% elongation 1
(g) B8.0E07 Rads: EPR: mild tc moderate damage, utility is A
often satisfactory. )
(h) 1.0E08 Raés: EPR. -10% tensile strength 5
EFDM: -217% tensile strength

Other than dynamic seal, EPR & EPDM are considered qualified for 4,6587E07
Rads.

STPMDSNL/MDSNOLUB
Page 11




MATERIAL DATA SHEET (cont'd)

REFERENCE (a)172/P.21 & P.27 (D)
10/P.3-24

(e)0387EQ(1)~00001~-GUL/P .43
(h)10/P.3~24

DOSE RATE EFFECTS:

REFERENCE:

SYNERGISTIC EFFECTS:

REFERENCE:

MEDIA LIMITATIONS:

REFERENCE:

NOTES:

STPMDSNL/MDSNOLUB
Page 12

(e¢) 10/P.3-24

(£)10/P.3-24

APPENDIX B

MDS # 106 ,Rev.|

Page 2 of 2
(d)0387EQ( 1)~
00001-6GUL/P.43

(g) 172/p.11



APPENDIX B

MATERIAL DATA SHEET
MDS # 132, Rev. |

Page 1 of 2
MATERIAL: SILICONE RUBBER
GRADE, CLASS: VISCOSITY:
MANUFACTURER(S):
SHELF LIFE: REFERENCE :
TEMPERATURE RESISTANCE:
MEDIUM
OPERATING RANGE: 500°F REFERENCE: 208/P.436
: TRANSIENT: 600°F REFERENCE: 208/P.436
TEMPERATURE LEVEL FOR
NO DETERIORATION (a)
THRESHOLD POR NOUTED DETERIORATION: (b)
(¢)
' (d)
L REFERENCES: (a) (b) (e) (d)

ARRHENIUS CONSTANT: 1n(life) = 11541 (1/T)-21.9
BASIS:
REFERENCE: 4390-00067~CYV/Appendix B
RADIATION RESISTANCE:
RADIATION LEVEL FOR NO DETERIORATION
GAMMA (a) 7.0E06 Rads (Tensile strength)
(b)
THRESHOLD FOR NOTED DETERIORATION
(e) 7.0E07 rads (=50 tensile strength)

(d) 1.0E07 rads (=31.42 compression set)

(e) No visible degradation was noted after 1,54E08 rads

exposur:,

(f) Demonstrated that silicone rubber O-ring seal performed

its function after 1,0£09 rads exposure

M121tol40
Page 23



(8)
(h)
REFERENCE: (a)178/P.B-173
(e)4168-00267-BVA/
DOSE RATE EFFECTS:
REFERENCE:
SYNERGISTIC EFFECTS:
REFERENCE:
MEDIA LIMITATIONS:

REFERENCE:

NOTES:

MDS2/MDSBF2/8

APPENDIX B

MATERIAL DATA SHEET

MDS # 132, Rev.|

Page 2 of 2
(b) (c)178/P.B-173 (d)178/P.B-178
(£)4390-00067-CYV(g) (h)



APPENDIX B

MATERIAL DATA SHEET

MDS # 135,R%ev.|
Page 1 of 2
MATERIAL: VITON
GRADE, CLASS: Fluoroelastomer VISCOSITY:
MANUFACTURER(S): DUPONT
SHELF LIFE: REFERENCE:
TEMPERATURE RESISTANCE:
MEDIUM
OPERATING RANGE: 400°F REFERENCE: 15 -
TRANSIENT: 600°F for 48 Hours REFERENCE: 15 =t
TEMPERATURE LEVEL FOR
NO DETERIORATION (a)
THRESHOLD FOR NOTED DETERIORATION: (b)
(e)
(d)
REFERENCES: (a) (b) (¢) (d)
ARRHENIUS CONSTANT: 1.09eV
BASIS: 1n (1ife) = 12639,.561 (1/T)-19.5298
REFERENCE: 4022EQ1-00001-BHT/P.9 -

RADIATION RESISTANCE:
RADIATION LEVEL FOR NO DETERIORATION
GAMMA (a) 1.0E05 Rads to 1.0E06 Rads (Little or no effect)
(b)
THRESHOLD FOR NOTED DETERIORATION
(¢) 8.75E06 Rads (1X107 Roentgens) Max for dynamic applications
(d) 1.0E06 to 1EO7 Rads Moderate effects

(50% loss of elongation at break
502 increase in modulus)

(e) 1.0E08 Rads Produces a sever effect (Final
elongation at break <€ 50%)

(f)

(g)

M121t140
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REFERENCE: (a) 171
(e) 171

DOSE RATE EFFECTS:

REFERENCE:

SYNERGISTIC_ EFFECTS:

REFERENCE:

MEDIA LIMITATIONS:

REFERENCE:

NOTES:

MDS2/MDSMF2/16

MATERIAL DA1A SHEET

(b)
()

(e¢) 15/P.9

APPENDIX B

MDS # 135,Rev. |
Page 2 of 2
(d) 171
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Revision 2
APPENDIX D

SOUTH TEXAS PROJECT
MECHANICAL EQUIPMENT QUALIFICATION

REFERENCE LIST

This Appendix contains a list of selected references from the Equipment
Qualification Library; and others which are used in this report.

Ref . No.

10.

11.

13.

—n 18,

20.

28.

40.

50.

56.

57.

s..

*69

*73.

Reference Title

Dow Corning - Information about Dimethyl Silicone Compounds, Dow
Corning 7, 4, 111 Silicone Compounds.

Dow Corning - Information about Silicone Elastomers. Silastic 732
RTV Adhesive/Sealant.

EPRI NP 2129, dated November 198l1. "Radiation Effects on Organic
Materials in Nuclear Plants."

34 Engineering Manual, Kel-F 8l Plastic.

Polymer Bandbook, Brandrup and Immergut, Wiley Interscience, N.Y.
2nd E4., 197s.

The Engineering Properties of Viton, Fluorocelastomer.

EPRI 1558, dated September 1980. "A Review of Equipment Aging
Theory and Technology."

DuPont Tefzel Design Handbook.
Chevron Teknifax = Chevron SRI Grease.

Standard Handbook for Mechanical Engineers, Beumeister and Marks
(Seventh Edition).

Nuclear Engineering Handbook, Etherington, First Edition.

Engineering Compendium on Radiation Shielding, Volume II Sponsored
by International Atomic Energy Agency. Vienna.

Dow Corning Materials for High Technology Applications. Form No.
10-008A-83.

"Effects of Radiation on Materials and Components” by Kircher and
Bowman  Reinhold Publishing Corporation.

John Crane Packing Recommendations; Technical Data Bulletin,
PP -400-1.

Union Carbide Technical Information Bulletin No. 524-205.
Dubois Chemicals, A Division of Chemed Corporation.

Letter, Dubois Chemicals to Bechtel, dated September 19, 1985,
Material Safety Data Sheet dated 5/14/85,

Technical Data/Material Safety Data Sheet, Dubois 910 dated 10/24/84.

* = Document Included

D-1
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- Ref. No. Reference Title

o .
74. Crane Co..

Crane, Accessories and Pacts, pg- 75

Telecon Bechtel and Patrick Maney (Crane Co.), dated 9/23/85.
Telecon, Bechtel to Larry Miller (Crane Co., Deming Pumps
Division), dated 1/28/86.

*75. Acheson Colloids Company.
Product Data Sheet, DAG 156 (13-108-R282),

*76. Amoco 0il Co.:
Types of Greases;
Product Information Sheet, Amolith Grease #8516
Product Information Sheet, Amolith Greases.
Product Information Sheet, Rykon Premium Greases.

*77. Bel-Ray Co. Inc.:
Technical Bulletin, Molylube No. 80 Grease, Page 1960;
Technical Bulletin, Termalene 80 Grease, Page 1980;
Technical Bulletin, Molylube 80-16 Grease, Page 1965.

*77A Bel-Ray Co. Inc.:
Telecon, Bechtel to P. Hammond (Bel-Ray Co.), dated 5/21/86.
*78. Biddle Instruments:
Letter, Biddle Instruments to Bechtel, dated December 5, 1985,
(‘ Composition of Apiezon Products:

0il, Greases and Waxes for High Vacuum Work = Apiezon,
Technical Bulletin 43c.

*79. Exxon Company, USA:
Data Sheet DG-3C, dated 4/26/85, Nebula EP;
Material Safety Data Sheet, Nebula EPO,
Material Safety Data Sheet, Nebula EPl

*80. Lubriplate Division/Fiske Brothers Refining Co.:
Lubriplate Data Sheet
Lubriplate - Lul rication Data Book for all Industries.
Telecons, Bechtel to J. Girard and D. H. Clem (Fiske Bros.),
dated 10/4/85 and 1/7/865.

*8l. GE Co , Silicone Products Department:
Versilube lubricating greases.

—ty2. Gulf Oil Corporation:
Gulf Product Data Sheet: Gulfcrown Grease SP15145,
Gulf Product Data Sheet: Gulfgem Grease SP15405-981;
Gulf Product Data Sheet: Gulf Harmony SP15590-882;
Gulf Product Data Sheet: Gulf Harmony SP15589-882,
Gulf Product Data Sheet: Gulf EP Lubricants, HD-series SP15363;
Gulf Product Data Sheet: Gulf Harmony AW SP15584-882;

; Gulf Product Data Sheet: Gulfcrown EP Grease SP.5155;

(\ Gulf Oil Products Co. letter to Bechtel Power dated Dec 11,
1985;
Telecons, D. Wright (Gulf/Chevron) to Bechtel dated 1/9/86 and
1/14/86

* = Document Included
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Revision 2
( Pef. No. Reference Title
.—"OZA Chevron/Gulf letter to Bechtel Power, dated Jan. 23, 1986 and

Feb. 24, 1986 and April 7, 1986;
Gulf Product Data Sheet: Gulf Premium Lubcote E.P., SP 15749484.
Gulf Product Data Sheet: Gulf Super Duty Plus, SP 15310-381

Telecon, D. Wright (Gulf/Chevron) to Bechtel, dated 3/24/86,
3/25/86 & 3/31/86.

828 Gulf Lubrication Charts, with recommendations for alternative
lubricant replacements, dated 12/23/85., 3/25/86.

*83. Halocarbon Products Corp.:
Product Data Sheets, Halocarbon Greases.

*84. Jet-Lube, Inc.:
Bulletin No. C-15, Jet-Lube SS-30;
Material Safety Data Sheet, dated June 20, 1983;

Jet-Lube Anti-Seize Compounds;
Sample - Certificace of Compliance for Batch 28092, dated May

2, 1984. Telecons, Bechtel to V. Wilcox (Jet-Lube), dated
1/9/86 and 9/18/85.

*85s. Loctite Corporation:
Test Data for loctite, Grades AA, A, D, B, C, E, H;
Product Data Sheet, Formula 592, 569, 571 & 277
Product Data Sheet, Formula 49 thru 92 with Letter Grades &
(' *JILS", July 1980.

*8SA Telecon, Bechtel to R. Valitsky (Loctite Corp.), dated 3/24/86.

*86 Mobil 0il Co.:
Mobil Product Data Sheet, Mobilux 1, 2;
Mobil Product Data Sheet, Mobilux EPOL,2;
Mobil Product Data Sheet, Mobilith AW-1l, 2 and 3;
Mobil Product Data Sheet Mobilgrease 28,
Mobil Product Information, Mobilplex 40 Series Greases;
Mobil Industrial Products;
NYVAC FR 200 Fluid;
Telecons, 1/9/86, 9/18/85, 9/17/85, Bechtel to J. Powell (Mobil
0il).

*B6A Mobil Product Data Sheet, Mobil DTE Oils:;
Telecon 1/21/86 Bechtel to J Powell (Mobil 0il).

*Lubrication Fundamentals,” J. George Wills (Mobil Oil
Corporation). Copyright 1980.

*868 Mobil Technical Bulletin, "Lubrication of Nuclear Power
Plants", Ma:1974

*87. Parker Seal Group, 0-Ring Division:
Data Sheet, Parker Super O-Lube, OP-5M5-77;
’ Material Safety Data Sheet, Parker Super 0O-Lube;
(' Material Safety Data Sheet., Parker Super 0-Lube,
Data Sheet, ORDS5890, Parker 0O-Iube;
Descriptive Features of Parker's 0O-Lube,

* = Document Included
D-3
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( Ref. No. Reference Title

. Material Safety Data Sheet, Parker O-Lube;
Telecon Bechtel to D. Haddock, (Parker Seal Group) dated
9/27/8%;
Telecon, Bechtel to J. D. Thompson (Parker Seal Group), dated
1/10/86.

*88. Phillips Petroleum Company:

Lube Lines WO-7726 12-79, Philube L,

Telecon, Bechtel to M. Mathiak (Phillips Petroleum), dated
9/18/85;

Telecon, Bechtel to J. Huffman (Phillips Petroluem), dated
1/10/86.

*89. Rohm & Haas Company:
Product Data Sheets p. 4, Triton X-Detergent.

— *90. Shell 0il Company:
Letter, Shell to Bechtel, dated October 10, 1985,
Technical Bulletin, S0C:88-82;
Technical Bulletin, SO0C:265-83;
Technical Bulletin, SOC:158-85;
Technical Bulletin, SOC:54-84
Telecon, Bechtel to H. Doran (Shell), dated 1/13/86.
Telecon, Bechtel to E. Mironchick (Shell), dated 1/16/86

O *90A Shell 0il Company :
Letter, Shell to Bechtel, dated 1/21/86;
Telecon, Bechtel to J. Martin (Shell), dated 2/25/86.

Technical Bulletin, Shell Hydraulic Oils.
Technical Bulletin, Shell APL Grease.

*91. Sun Refining and Marketing Co.:
Product Information Sheet, Group. Gear Lubricants, Product:
SUNEP 1000;
Product Information Sheet, Group: Greases, Product: SUNAPLEX
990 EP Greases;
Telecon, Bechtel to S. Bunnell (Sun Refining and Marketing)
dated 10/10/85.

*92. Texaco, Inc.:
Product Information Sheet, Code No. 938/951/987, (Issued 3-82).

*92A Product Information Sheet, Code No. 1982, General Purpose
Greases (Issued 10/1/68):
Telecons, Bechtel to J. Shields (Texacc USA), dated 1/23/86 and

5/7/86
*93. Valvoline Oil Company, Division of Ashland Oil, Inc.:

Product Information Sheet, Tectyl rust preventives;
Material Safety Data Sheet, Tectyl #846.

* = Document Included
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qil’ Ref .
*l166.
“le7.

*168.
*169.

*170.
—'+ *171.
ﬁ 172.
*173.

174.

' *175.

176.
177.
178.

*179.
*180.
*181.

182.
*183.

*184.

letter from Bisco to Bechtel, dated 2/21/86 (E00304l1).

Letter from Dow Corning to Bechtel Enerygy Corporation, dated
3/21/86 (E003042).

Memo from B.D. Shah to B. Dilodare, dated 4/14/86 (IOM #42140).
Telecon, Bechtel (SFO-EQG) to Bechtel (Houston) dated 03/31/86.

Tremco Mfg. Co. Product Data for Tremco 440 Tape & Pre-shimmed
Tremco 440 Tape

Radiation resistance of Viton.

14926-4026EQ1~00001~CUL. Wyle report No. 57688-1 "Evaluation
of Environmental Qualification and Aging Analysis of Control
Valves for use in STP."

Memorandum from B.P. Shah to B. Dilodare, dated 4/21/86 (IOM
42264).

"The Effect of Nuclear Radiation on Elastomeric and Plastic
Components and Material.® R.V. King et al. Bettelle Memorial
Institute; distributed by NTIS.

"Engineering Guide to the DuPont Elastomers® (Adiprene,
Hypalon, Hytrel, Neoprene, Nordel, Viton).

"Standard Handbook for Electrical Engineering.® Fink & Beaty,
1lth Edition.

"Material Handbook."™ George S. Brady & Henry R. Clauser, llth
Edition.

EPRI NP-4172SP, Final Report, 8/85 "Radiation Data for Design &
Qualification of Nuclear Plant Equipment,*

John Crane Bulletin No. P-3010, "Grafoil Endless Packing Rings."
Memo from B D. Shah to B. Dilodare, dated 4/29/86 (IOM #42382).
Memo from E.A. Goldenberg to B.D. Shah (E003077), dated 4/25/86.

"Handbook of Chemistry & Physics, Chemical Rubber Publishing
Company,* 1982-1983, 63rd Edition.

Memo from B.D. Shah/Dr. Shah to B. Dilodare (IOM #42411), dated
4/30/86.

“"Polyrmyte Detailed Information®, Parker Technical Bulletin #88B,
dated 3/8/81.

* = Document Included
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\
*185. *A Product Survey for the Power Generation Industry®, Garlock
MP-904.
*186. Chesterton Product Info. for Style 5200 & 5300 Graphite Tape
Packing.
*187. Telecon, Bechtel-Houston to Bechtel-SFO, dated 5/16/86.
*188. Memo #E003087, dated 5/9/86; B. Dilodare (Bechtel-SFO) to B.D.
Shah (Bechtel-Houston).
*189. Memo #E003088, dated 5/8/86; B. Dilodare (Bechtel-SFO) to B.D.
Shah (Bechtel-Houston).
4 *190. Memo #E003089, dated 5/8/86; B. Dilodare (Bechtel-SFO) to B.D.
Shah (Bechtel-Houston).
“191. Memo #E003097, dated 5/8/86: B. Dilodare (Bechtel-SFO) to B.D.
Shah (Bechtel-Houston).
*192. Telecon: Bechtel-Houston to Bechtel-SFO, 5/20/86.
*193. Memo #42578, dated 5/9/86; B.D. Shah (Bechtel-Houston) to B.
Dilodare (Bechtel-SFO).
(‘ *194. Letter from Dow Corning USA to Bechtel Power Corporation dated
May 15, 1986, E003110.
*195. Memo #E003109, dated 5/21/86; B. Dilodare (Bechtel-SFO) to
B. D. Shah (Bechtel-Houston).
*196. Goodyear Aerospace Corporation "Rubberized Fabric Specification
for D-901A."
*197. Telephone calls from Mehdi Fard of Bechtel to Bill Kysh of
Techno Corp. E003112.
—*198. Memo from P. Trudel to B. D. Shah (IOM-041666), dated 3/17/86.
*199. Memo $#E003085, dated 5/5/86; B. Dilodare (Bechtel-SFO) to B. D.
Shah (Bechtel-Houston).
*200. Memo from Naz Islam to Mehdi Fard 4/21/86.
*201. Telephone call from Baldwin Toy to D. Warsing of Limitorque
Corporation dated 5/12/86.
*202. Garlock FCP-3/85-30M
127-AFP Asbestos-Free Valve Stem Packing
O *203. Telecon Bechtel Lo E. Villalva (Control Components, Inc.) dated
5/27/86.
*204. Letter, Anchor/Darling Valve Company to Bechtel, #E003116,

dated 5/23/86.

* = Document Included aa
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Reference Title

(’-—* *246.

{ _

’

{

.2‘7.
*248.

'249.
*250.

*251.

*252.

253.

*254,

*255,

*256.
*257.

258.

*259.

260.

Letter, R. 0. Bolt to E. A. Goldenberg, dated October 16, 1986,
#£003313.

Garlock Service Condition Reference Table.

Letter, R. 0. Bolt to E. A. Goldenberg, dated September 9,
1986, #E003260.

I10M #44583, R. H. Pence to B. D. Shah, dated September 18, 1986.

Letter, R. 0. Bolt to E. A. Goldenberg, dated September 8,
1986, #E003261.

Letter, R. 0. Bolt to E. A. Goldenberg, dated September 10,
1986, #E003263.

Letter, R. 0. Bolt to E. A. Goldenberg, dated October 20, 1986,
#£003314.

IEEE Transaction Paper No. 68TP651-PWR, “Insulations and
Jackets for Control and Power Cables in Thermal Reactor Nuclear
Generating Stations"®.

Letter, R. 0. Bolt to E. A. Goldenberg, dated October 15, 1986,
#£003309.

I0M #45870, R. Witthaver/N. Islam to B. Dilodare, dated
November 20, 1986.

I0OM #46022 R. Witthaver/N. Islam to M. Fard, dated 12/2/1986.

Telecon (12/2/86): Bechtel (SFO) to Tak Takahashi (Dow
Corning).

Dow Corning - *"Thermal Aging Program For One Component Silicone
?;a:ants' by S. B. Smith and T. C. Hampton, dated February 1,
7 .

Telecon (12/11/86): Bechtel (SFQ) to Tom Green (Johns
Manville).

Plastic Engineering Handbook of the Society of the Plastics
Industry Inc., Fourth Edition, Van Nostrand Reinhold Company

* = Document Included
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descripfion

VITON® fluoroelastomer. a fluorine-
containing hydrocarbon polvmer

is a high-performance svnthetic
rubber with exceptional resistance 10
oils and chemicals at elevated
temperatures. Since its
commercialization in 1958, Dy Pont
has developed a vanety of

tvpes of VITON possessing specific
property improvements. notably in
the areas of polymer processing
and end product resistance to
compression set.

Among the earliest uses of VITON
were O-rings for severe service
conditions. This continues to be an
important application, while shanng

Page 2 oF 2/

its onginal prominence with a
growing number of uses detailed in
a later section of this bookiet

VITON is marketed as a raw matena
10 the rubber manutactunng ndustry
by the Elastomer Chemicals
Department of Du Pont No rinisheg
products are made from V ITON bv

the Elastomer Chemicals Department

Our customers offer a variety of
solid and cellylar products. soivent
solutions and ccated fabrics. all
based on VITON. The compounded
product can be moided extruded
or calendered using standard rubber
processing equipment
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properties

VITON® flyoroelastomer is an
exceptional rubber. It possesses the
traditional rapid recovery from
deformation, or resilience, of a true
elastomer. It also exhibits mechanical
properties of the same order of
magnitude as those of conventional
svnthetic rubbers. However, the
resistance properties of VITON are,
in manv respects, far beyond the
range of those of ordinary rubbers
Vechanical and resistance properties
of Du Pont VITON will be discussed
n that order

ECHANICAL
OPERTIES

Lo ieral-purpose formulations of
VITON were used for the
measurements reported heren
except as specifically noted. The
values cited should be taken as
representative of what you might
expect of a product supplied by a
reputable rubber manufacturer.
Exact duplication of every figure
however should not be expected
As is the case with all elastomers
VITON mav be compounded to
enhance certain properties while
compromising, to some degree
certain other properties. But, unless
the compounding is drastically
modified. mechanical properties of
one product made of VITON will

Tensile stre- gth and elongation The mechanical properties of VITON are
closely parallel those of another measurements from = 65 to 400°}. evaluated in a variety of equipment,
(=54 10 204°C.) may be made on VITON including this dynamic flex tester
'HVS!CAL CONSTANTS in the thermalily controlled enclosure of
Specific gravities of the raw polvmers this machine.

of VITON range from 1.80 to 1 86
Measurements on typical compounds
will closely approximate the
'n”owlﬂ! h!\,m

Specific heat—0 195

Coefficient of linear expansion—

AR ¢ 10°*/*F (16 x 10°Y°C

mal Conductivitve= 158 BTU/in
F/he at 100°F (196 kg cal
em *C./he. at 38°C)

SR E R 3
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MECHANICAL PROPERTIES

HARDNESS

The durometer A hardness of
general-purpose compounds of
VITON® fluoroelastomer is approxi-
mately 70. Harder and softer
formulations (50 to 95) can be
furnished and produc:s with great
apparent softness may be obtained
by the use of cellular VITON.

Depending upon polymer and
formulation, hardness may change
very little or may decrease 5 to 1§
points at temperatures between 250
and 500°F. (121 and 260°C.) Such
vanations must be taken into
consideration in specifying hardness
of products used at elevated
temperatures.

TENSILE STRENCTH

Compounds of VITON have good
tensile strengths, adequate for most
applications A typical value, when
tested at 75°F. (24°C.), is 2,000 psi
(140.6 kg./cm."). And, measured at
300°F. (149°C.). the tensile strength
of VITON remains in the vicinity of
600 psi (42.2 kg./em.)

ELONGATION AT BREAK

Percent elongation at break is a
common yardstick for evaluating a
rubber’s durability in service. The
performance of VITON at 75°F
(24°C.) normally ranges from 150 to
300 percent elongation at break.

At 300°F. (149°C.) the elongations of

typical compounds of VITON range
from 75 to 150 percent.

COMPRESSION SET

Figure 1 illustrates the exceptionally
good compression set shown by a
typical compound of VITON arter
test compressions for various perods
of time at 300°F. and 192°F 1149 ind
200°C.). These values become more
meaningful when it is realized that
most rubbers have a service tempera.-
ture ceiling less than 250°F 121°C

FABRIC COATING

Coatings of VITON are commoniy
emploved on fabrics to confer
necessary heat or fluid resistance o
the end product. Adhesion to the
fabrics is generally good and
depending upon the heat resistance
of the fabric used, temperatures up
to 550°F. (288°C.) cause no problems

Heat stabilities of three representative
fluoroelastomer coatings on glass
fabric are shown in Figure 2. As can
be seen, all three compounds exhibit
excellent heat aging properties and
are useful for more than 100 hours
at 550°F. 1288°C.)

Above S00°F (260°C.) single plies of
coated fabrics are more stable than
multiple plies. This is because at
these high temperatures the decom-
position products of VITON cannot
escape as readily from multi-ply
construction. Their entrapment
causes faster deterioration

Asbestos fabric coated with VITON is
used on et arcraft for firewall sieeves
and seals

*Reg. U.S Pat & Tm. OW
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Time, hr. RT. Im mawrcy | ser aorrey
1,000 —_ 12 50
2,000 - 1% 65
4,000 n 2 ba |
8,000 n 2 98
CASTM D39S, Method B
1O -rrovgm

RESILIENCE 2
' 1 TON* ”'.
B e e Heat Stability of Glass Fabric Coated with VITON

use as a vibration isolator at high

temperatures and as a vibration A Cuno.ound Cuméound
damper (energy absorber) at room

lemperature. In the latter case, 1ply 2ply [1ply 2ply [1ply 2ply
however, it would normally be Original grab |
employed only in very corrosive tensile

CIVIFORMENS. Ib/linear in. 91 194 | 80 190 | 109 188
roneson 0 weTas S5 PR e
VITON can be adhered to a variety P
of metals, using special adhesive aging at S50°F. (288°C) |(16.6) (22.0) ((10.2) (21.6) | (16.8) 22.9)
formulations aiso based on VITON. After 100 hr. oven 78 98| S4 02| 74 W07
Assemblies do not fail at the bond. aging at $50°F. (288°C.) [(13.9) (17.5)| (9.6) (18.2)| (713.2) (19.7)
Bond strength exceeds the tear

strength of cured VITON, both at % Weight Loss

. 5°F (24°C.) and at temperatures After 50 hr. oven

s high as 400°F. (204°C.). The aging at S50°F. (288°C.) | 67 74| 80 87| 78 84

1h..,m bonds also endure 500°F After 100 hr. oven

HFC) i tgng Spwe 3 e aging at S50°F. (288°C) 122 152 | 139 198 [ 138 182
representative peel adhesion values 4 4
between VITON and some common

metals. A SR S AR T N U A A S NSRS MRS WA B W5 N
SPONGE PROPERTIES

Cellular VITON, in densities from Figure 3

10 to 95 Ib./ft’, 0.16 to 1.52 g./em.)), Adhesion of VITON to Metals*
offers the advantages of extreme

soitness and compressibility while Original Aged 64 hr. at S00°F. (260°C.)
retaining to a high degree the l Mcuunt.l Measured Muwnd.
exceptional heat and fluid resistance Metal at 75°F. (24°C.) | at 7S°F. (24°C.) |at 400°F. (204°C.)
of solid fluoroelastomer products. Aluminum | 160 (28.6) 20 3.6) 6 10.7)
Both open and closed cell matenals Brass 160 (28.6) 20 (3.6) 6 (10.0

can be produced. Steel 160 (28.6) 20 3.6) 6 10.0)

0" peel adhasion @ B linesr . (hgsem ). All flures were by sock manng

‘Reg. U.S Pat & Tm ON : :
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RESISTANCE PROPERTIES

Again we point out the influence of
compounding upon specific
properties; like acid resistance,
electrical charactenstics, water
absorption, etc. Ceneral-purpose
formulations of VITON® fluoroelas-
tomer will be referred to throughout
unless otherwise indicated.

It is important to note that if you
require a high degree of resistance
10 a specific exposure you should
stress this fact to your rubber
supplier. He can furnish you with a
product specially compounded to
suit your purpose. For instance,
volume swell of VITON in hot water
can be reduced by two-thirds
without significant sacrifice in overall
performance. Similar improvement
of other resistance properties

can be achieved through special
compounding.

HIGH TEMPERATURE

VITON withstands high temperature
anc simultaneously retains its good

Greaseless stopcock for high-vacuum
(1210=%mm. Hg) service up to 450°F.
(237°C.) is closed by a resilient diaphragm
ovl".npuhg-ududnm

ON.

mechanical properties better than
any other elastomer. Oil and
chemical resistance aiso are relatively
unaffected by elevated temperatures.
Compounds of VITON remain
usefuily elastic mdefinitely when
exposed to laboratory air oven aging
up to 400°F. (204°C). Continuous
service limits are generally
considered to be:

> 3.000 hours at450°F (232°C.)
1,000 hours at S00°F. (260°C.)
240 hours at S30°F. (288°C.)

48 hours at 00°F. (315°C)

LOW TEMPERATURE

Especially m aircraft and space
equipment. both low ard high
temperature conditions must be
satisfied. VITON is generally service-
able in dynamic applicanons down
to =10°F. (=23°C.).

Thickness of the sample has a
marked effect upon rests of flexibility
at low temperature; the thinner cross

Pase b oF 2/

sections. of course, exhibiting less
stiffness than thicker ones at every
temperature. The brittle point of
VITON, at a thickness of 0.075 in
(1.9 mm.), 13 in the neighborhood of
«50° (=45°C.). Depending upon
thickness and hardness. (his value
may range from =25 to = "5°F

(=32 t0 =39°C.). Under certain
conditions. some of these fluoro-
elastomer products perform
satisfactonly in dynamic applications
at temperatures approaching their
brittle points.

Although VITON has limitations at
very low temperatures when dvnamic
service is required. static applications
are readily handled. As a matter of
fact, general-purpose O-rings made
of VITON have proven satistactory as
static seals under cryogenic condi-
tons approaching absolute zero
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CASKET OF VITON
VULCANIZED TO i
BARREL CIVES

POSITIVE SEAL WITH

VALVE STEM SEAT

CUP CASKET OF
VITON FOR SEALING
AIR-FLOW PASSACE

A

Valve inside jet aircraft wheels uses
gaskets of VITON® fluoroelastomer.
Specification calls for operation from
«&5 10 500°F. (=54 10 260°C.) plus
pressures over 300 psi (21.1 kg/em. D),

The flange seal of VITON on this vacuum
drier cover was in place for 12 years.
Estimated temperatures within the
jacketed stainless steel vessel ran
460-480°F. (238-249°C.) and the contents
were acidic organics. Seal replacement
was made only when the drier had to be
mechanically overhauled. At no time had
the seal shown any evidence of leaking.

&
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FLUID RESISTANCE

VITON® fluoroelastomer has the best
proven fluid resistance charactersucs
of any commercial rubber avallable
10 date. It has excellent resistance 10
oils. fuels, lubricants, most mineral
acids, and resists many aliphatic and
aromatic hydrocarbons (carbon
tetrachlonde, benzene, toluene
xylene) that act as solvents for other
rubbers

Migh-temperature fluid resistance tests in
the laboratory confirm that products of
VITON, such as those shown at right, will
successfully perform in the field where
other rubbers fail completely

On the other hand, VITON is not
recommended for service in low
molecular weight esters and ethers
ketones, certain amines, hot
anhydrous hydrofluonc or chloro-
sulfonic acids, and a few proprietary
fluids such as Skydrol SO0A. The
solubility of VITON in low molecular
weight ketones is, of course use‘ul
in producing solution coatings of
VITON

Tabulated on pages 18-19 are
evaluations of VITON versus a
representative list of nearly 200 fluids

Pace T oF 2/

GAS PERMEABILITY

VITON is relatively /mpermeadie 10
air and gases, ranking about midwas
between the best and the poorest
elastomers in this respect. These
comparative measurements were
made using standard-sized specimens
1 sq. ¢cm. by 1 ¢m. thick) of fypica
compounds. each exposed 10 a
pressure differential of one atmos-
phere at 176°F. (80°C

The permeability of VITON can be
modified considerablv by the wav it
is compounded. But, in all cases
permeability increases rapidly with
ncreasing temperature Additiona
data on the permeability of VITON
are tabulated in Figure 4

Figure 4
Permeability* of Compounded VITON

75‘, "
(24°C) ‘

86°F

(121°C)

Air 0.0099 x 10~

Carbon
dioxide —

0.892 x 10~’
Nitrogen 0.0054 x 10~'
Oxygen —

rec/om YVom /sec s

Helium




Vacuum chamber of giant proton

© accelerator, one-haif mile (800 m.) in
circumference. was gasketed with
radlation-resistant, non-volatilizing
VITON to improve the vacuum to
12107 in. Mg

FLAMMABILITY

VITON® flyoroelastomer . like
Neoprene and HYPALON® synthetic
rubber. 1s a halogen-containing poly-
mer and thus is more resistant 1o
burning than are exclusively
hydrocarbon rubbers.

In laboratory tests, products made
of normally compounded VITON will
burn if directly exposed to flame but
will g0 out when the flame is
removed. Natural rubber and many
synthetics will, under the same
conditions, continue to burn,
However, despite its advantage

over other materials in such
laboratory tests, VITON will burn if
nvolived in an actual fire situation.

Special compounding can enhance
the flame resistance of VITON. One
formulation, specifically developed
for the Space Program, wiil not ignite
under conditions of the NASA test.
which specify 100 percent oxygen at
6.2 psi (absolute),

FOOD AND DRUG CONTACT

The U.S. Food and Drug Adminis-
tration has amended its regulations
to provide for the use of vulcanizates
of VITON in the formulation of
rubber articles intended for repeated
food contact use.

More details are available in the
Federal Register, Vol. 33, No. §,
Tuesday. January 9, 1968 Part 121
Food Additives, Subpart F—Food
Additives Resulting From Contact
With Containers or Equipment and
Food Additives Otherwise Affecting
Food-=Rubber Articies Intended for
Repeated Use

ABRASION RESISTANCE

End products made from VITON are
tough and long wearing. In the
“1ber abrasion test a loss per
volution of 0.1-0 2 milligrams,
ith a H-22 wheel and 1.000-gram
10ad was measured on a typical
compound of VITON

RADIATION RESISTANCE

Exposure of VITON to gamma
radiation from a cobalt-60 isotope
source brings about an increase in
hardness and stiffness. This seems to
be as a result of an increased state
of cure induced by the radiation.
For dynamic applications. VITON
should not be exposed to radiation
exceeding 1 x 10’ roentgens, For
stauc applications, higher dosages
are permissable. VITON gives no
evidence of radiation-induced stress
cracking.

VITON ranks about midway among
commonly available elastomers with
respect to radiation resistance alone.
However, since high temperatyre is
frequently involved simultaneously
with exposure to radiation, the
practical effectiveness of VITON
correspondingly increases. In many
cases, the temperatures will rule out
most other elastomers and plastics.

ELECTRICAL PROPERTIES

The electrical properties of VITON
SUBRest its use as a wire insulation
for low voltage, low frequency
applications requiring unusual heat
and fluid resistance. It normally has a
D C. resistivity on the order of

2 x 10" ohm-cm., a dielectric con-
stant around 10, dissipation factor
of about 0.05 and a dielectric
strength of 500 volits per mil

2.000 volts per mm )

ENVIRONMENTAL RESISTANCE

VITON has excellent resistance to
atmospheric oxidation, sun and
weather Samples weathered in direct
sunlight showed little or no change
IN properties Or appearance after

13 years’ exposure in Flonda. The
same is true for samples exposed to
various tropical conditions in Panama
for ten years.

Articles produced with VITON are
unaffected by ozone concentrations
as high as 100 ppm. No cracking
occurred in a bent loop test after
one year's exposure to 100 ppm of
ozone in air at 100°F. (38°C.).

The biological resistance of VITON
also is excellent. A typical com-
pound tested against specification
MIL-E-5272C showed no fungus
growth after 30 days. This spec
covers four common groups of fung)

Under extreme vacuum conditions
VITON exhibits a weight loss of only
2-3 percent, indicating that it is

. virtually completely immune to

outgassing. Products of VITON are
commonly baked at 400-500°F
204-260°C.) for 16-24 hr in order
1o post-cure them. This procedure
removes virtually all volatiles before
the item goes into service

Figure §
Electrical Properties of VITON at Various Temperatures
(Tested in air)

, 75°F. l 300°F. ' 390°F.

14°C 149°C. 199°C.
Dissipation Factor, 0.034 0.273* 039t 1.19*

(1,000 Hz.)
Dielectric Constant, 105 71 91

(1.000 Hz.)
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- AUTOMCOTIVE

Many opportunities exist for the
incorporation of VITON® fluoro-
elastomer in parts for the engine and
drive train of modern passenger
vehicles and trucks. Cost is a major
factor in this industry and any use of
a high-priced elastomer like VITON
is an exceptional testimonial to its
premium performance. However,
the long-term value provided by
VITON s being increasingly recog-
nized as justifying its use in place of
cheaper materials as performance
insurance for certain automotive
parts. This is true not only for
extreme exposure conditions but, in
some cases, also where only
moderate conditions are normally
encountered.

In carburetors. needle valves tipped
with VITON provide a resilient,
fuel-resistant, abrasion-resistant
seating material that is the key to a
non-flooding carburetion system. A
component of VITON on truck
carburetors is the acceleratoy pump
cup which must remain dimension-
ally stable within close tolerances
in order to function properly.

Valve stem oil seals made of VITON
have been used for a number of
years on one line of heavy-duty
truck engines designed for 100,000
niles (160,930 km.) of maintenance-
free operation. And many have run
over 150,000 miles (241,395 km.)
without incident—a severe test of
heat and oil resistance.

Rear crankshaft seal of VITON on
earthmovery’ diesels has reduced

maintenance and prolonged engine life.

' \'\C.CIf’.‘)ﬁs

Since 1962, VITON has bee” the
standard seal matenal on diesel
engine brake solenoids. These
devices have been installed in more
than 50.000 vehicles ranging from
city buses to logging trucks. The
Q-ring seals of VITON were pur-
chased against MIL-R-25897 speci-
fication and hold against hot lube
oil at up to 60-70 psig (4.2-4.9
kg./cm?) in the truck engine.

Off-the-road equipment also uses
VITON. A major manufacturer has
standardized on VITON for rear
crankshaft lip seals in its heavy-duty
diesel engines used on certain of
its earthmoving machines. Some of
these engines have run 8,000 hr.

PACE 70 oF 2’

between overnauls as a result.
Mydraulic fittings in automotive
service are reliably sealed against
vibration-induced leakage by sleeves
of VITON which absorb angular
displacement and withstand hot oils
And automatic transmission front
pump seals of VITON have proven
their worth after years of successful
service.

Other automotive uses for VITON
include an axle pinion shaft seal
diesel cylinder liner seals. solenoid
plunger tips. seals for automatic
transmissions in buses. vacuum
tubing and diaphragm for a spark
advance mechanism

—saW eI/ 'm“‘“d
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‘ Engine brakes sealed with VITON®
fluoroelastomer are giving truckers lower
maintenance costs per mile.

VITON on tip of carburetor needie vaive
prevents flooding, does not swell in
aromatic fuels.

. '(fu' :

2z
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O-nngs of VITON
A
ON keeps hvdraulic fittings Solenoids controlling hydraulic operation
ch-tight. of diesel engine brakes have seals of hot
oil-resistant VITON.

*Reg U.S Pat & Tm OM
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‘ VITON® fluoroelastomer for resistance to
heat, lubricants and fuels. Seals of VITON

are now standard on major airlines.

Cg— -
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Commercial jetliners use VITON in many
critical applications where exceptional
heat and oil resistance are necessary

. requirements.
Connector seals on jet engine wiring ,

hamesses are VITON for heat, oil,
weather and vibration resistance.

"
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Reliability of materials under extreme
exposure conditions is a prime
requisite in this field. The high and
low temperature properties of
VITON® fluoroelastomer have been
well demonstrated in a number of
aircraft and missile components;
manifold gaskets, coated fabrics,
firewall seals, heat-shrinkable tubing
and fittings for wire and cable,
mastic adhesive sealants, protective
coatings and numerous O-ring seals.
An acditional characteristic of
VITCN pertinent to space

com sonents is its ability to seal
against “hard” vacuum, down to a
range of 10™*mm. Hg by actual test.

Aircraft designers hav. reported
Q-rings of VITON have & usable
thermal range of =65 to +600°F.
(=54 10 +315°C.); and ar 680 to
730°F. (360 to 388°C.) tests have
been successful but service life is
reduced to about 30-40 hours. They
further report that VITON has
excellent abrasion resistance and
resistance to thermal cycling, a
common condition encountered in
rapid ascent to, and descent from, the
stratosphere or higher. In several
tests, VITON sealed just as well at
room temperature, and also at
reduced temperatures, after 40
thermal cycles as it did when new.
Other elastomers, after two or three
thermal cycles, would no longer
maintain their seals at room
temperature. One study on the
service life of O-rings, run by an

VITON is extensively used aboard the
supersonic CONCORDE in structural
sealants and gasketing, fire-resistant
coated fabric, cable jacketing, protective
coatings and vanous seals.

Molded-in-place, reusable seals of VITON
are designed for “hard-vacuum” space
applications, below 1 x 107 mm. Mg,

and perm:t use of intricate configurations.

‘Ree US Pat & Tm OW
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aircrait manufacturer, involved
dynamic tests at elevated
temperatures. O-rings of VITON,
properly designed and installed
according to their recommendations,
proved capable of successfully
completing 50.000-cycle compression
tests at S00°F. (260°C.)

Among other applications of VITON
in aviation are its uses as an abrasion-
resistant solution coating over braid-
sheather! ignition cable: heat-
resistant connector seals on jet
engine wiring harnesses; flexible.
impregnated fiber glass sheathing for
electric wire; coated fabric covers
for jet engine exhausts between
flights; and syphon hose for hot
engine lubricants.




CHEMICAL
INDUSTRY

A “universal” matenal of
construction 13 the ideal sought by
harned production and maintenance
engineers in this rcu'h-on-
equipment industry. The high costs
involved in dismantling and replacing
failed components, to say nothing

of the production losses, far
outweigh any matenals cost factor
Standardization on VITON®
fluoroelastomer is becoming more
common as its economic justification
in longer production runs between
maintenance shutdowns is being
more widely demonstrated. In two
documented instances, chemical
piping and equipment seals have
remained in uninterrupted service
for over 10 years

VITON is very close to being a
universal seal for chemical precess
equipment. One example is a

Packing of pipeline swivel joint is heavily

encrusted with deposits after years of
handling a variety of solvents, yet it
remaing as leak-free as when first
installed because it's made of VITON,

pumpin” station handling more than
80 different solvents, oils and
chemicals. Seals of VITON used in
the piping’s swivel joints and
telescoping joints were inspected
after two yeary’ service and found
to be as good as the day they were
installed.

Another example is a door gasket for
a wood 'mpregnation autcc’ave
Temperatures to 245°F (118°C
steam pressures of 150 psig (105 kg
em.h), and exposure to cresol oils
and other phenolics are involved
VITON overcame the permanent set
deficiency of the original woven
asbestos gasketing and gave much
longer service than previously tned
synthetic rubber seals

A third example 1s the rotameter
manufactured by a leading supplier
of measurement and contro
equipment. All of ity rotameters
intended for metering chemicals are
furnished with O-ring seals of
VITON. This adoption of a

PAGs

universal” seal Mas smpiuiried the
produchon and marxkedlv "ecuced
the rumber Of customer service calls
on the instrument

But VITON serves the chemica
ndustry :n more wavs than as seals
alone. Flyoroelastomer lined valves
eliminate heat and corrosion wornes
n many a plant. Transfer hose tor
solvents and reactive petroc~emicals
s 11 daily use tor both processing
and distnbution facilities. Included
are installations on ocean tankers as
well as highwav trailers Proportioning
numps handling highly reactive
chemicals are equipped with
diaphragms of VITON. Processing
rolls for hot or corrosive service are
covered with VITON And aerosol
propelled solvent solutions ot VITON
are spraved on as multi-purpose
maintenance coatings throughout

the chemical industry

/L oF 2/
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seslodgagainat hot phenelic preservetives
by an O-ring of VITON® fluoroelastomer.
- The w‘ steam/vacuum n“h‘
. system replaced woven
:* ’ »
-&». m-, ro——
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& Severe chemical attack destroved tank
i 4 . truck transfer hose after only one

5 : delivery. Then a hose lined with VITON
: wras trind. Now the hose lasts ower 3 year
in routine tanker use.
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MISCELLANEOUS INDUSTRIAL USES

Cutting across all industry lines are

a wealth of additional applications
where the good mechanical
properties of VITON® fluoroelastomer
have permitted it to replace conven-
tional elastomers. To cite a few:
stable-dimensioned O-ring seals in
the meters of automatic gasoline
blending pumps, high-vacuum sesis
for a proton accelerator, a heat- and
corrosion-resistant expansion joint for
a utility company’s stack gas exhaust
ducts, tubing and seals for a variety of
premium-grade industrial instruments,
conveyor tires for hot plate glass,
packing rings for hydraulic activators
on steel mill ladles, jacketing for

Molded packing rings, made of VITON
reinforced with asbestos cloth, seal
hydraulic actuators of steel miil ladles.
Reactive, nonflammable hydraulic fluids
at S50°F. (288°C.) and 1,500 peig

(105.4 kg./em.”) destroyed previous packings.

On a continuous tinplating line a
deflector roll covered with VITON has
outlasted the previous roil by more
than 1210 1.

*Reg. U.S. Pat. & Tm. OM

steel mill signal cable, deflector rolls
on high-speed tinplatir.g lines,
precision-molded bails for check
valves in oi! or chemical service, and
an assortment of O-ring seals for test
equipment in an automotive
manufacturer's experimental lab.

The lattermost example well
illustrates the general principle that
we have been stressing in this
booklet. Previously, various test ma-
chines had to be dismantied every
few days to repair leaks. Use of
VITON permits the units to run

continuously for three months without

attention to the seals. Seals now are

Paas /6 sra -

customanly replaced only dunng
periodic maintenance overhayls
Ixposure is to a variety of hvdraylie
fluids at temperatures up to 325°¢
(163°C.) and pressures. in some
cases rapidly alternating, up 1o 2 000
psi (1406 kg./em )

According to the lab’s mechanical
design engineer. their previous seals
“baked so hard they snapped |ike
pretzels” when removed after a
short time because of leakage. The
switch to VITON eliminated a real
maintenance headache and. he feels
has come very close to providing
the long-sought “universai seal.”




MIL-R-83248
Spec
Tensile Strength, psi 1,600
 kgiem.! 1128

tlongation, % 125
wardness, Durometer

A points 75 28
T.%F, max -5
T+°C., max. -15
Compression Set—ASTM

D195, Method 8

70 hr. at 75°F

24°C). % 15
Aged 70 he. at 75°F, 24°C) in
Reference Fuel §
Tensile Strength, % change -20
Elongation, % change -20
Hardness. points change =5
Volume, % change Oto +10

Aged 70 he. at J47°F. (175°C) in
tauffer Blend 7700
nsile Strength, % change -25
angation, % change =20
Hardness, points change Oto =15
Volume, % Oto +20

VITON

1,738
1220

190

”
-
-20

1

-18

-10
-2
+16

-2
-$
-7

+164

Compression Set—=ASTM D395, Method 8

Standard Measurement, % 10 0

Vieasurement After 18-hr.

Cooling. % 1 4
Aged 70 he. at 528°F. (275°C) in Air
Tensile Strength, % change -135 -20
Elongation, % change -18 -
Hardness, points change =5to +10 +*1
Weight, % change =10 -506
Compression Set—ASTM D195, Method |
22 hr. at 392°F. (200°C.). % 15 8

Compression Set—ASTM D395, Method §

Aged 166 he. at J47°F. (175°C)

Standard Measurement. % 20
Measurement After 18-hr.
Cooling, % 35

15
M

AMS-7278D
Spec  VITON
Original
Tensile Strength, psi 1200 1738
,kg/em! 844 1220
Elongation. % 128 1%0
100% AModulus. psi 150 880
,kg/em.! 246 619
Hardness, Durometer
A points 75 25 7
Te °F, max. +5 EE
Te *C.. max. -15 -20
Aged 70 he. at 75°F. 24°C) in
Reference Fuel B
Tensile Strength, % change -15 -15
Elongation, % change -15 -10
Hardness, points change =510 +5 -2
Volume, % change Oto +10 +16
Aged 70 he. at 392°F. (200°C) in
Anderol L-774
Tensile Strength, % change - 40 -13
Elongation, % change -20 +1N
Mardness. points change =15t0 +5§ -7
Volume, % change Oto +20 +113
Aged 70 he. at 482°F. (250°C.) in Alr
Tensile Strength, % change -30 -2
Elongation, % change -40 -10
Mardness, points change  0to +15 +1
Weight, % change -80 =09

Compression Se+—ASTM D39S, Method 8
70 hr. at 392°F. (200°C.).% S0 13

Casoline pump metering shaft seab—

VITON® fluoroelastomer since 1958,
*Reg. U.S. Pat. & Tm. ON

Spec
Tensiie Strength, psi 1.600
,kgiem? 1125

Elongation, % 128
Hardness, Durometer

A points 7$ =5

T, max. +5

Te °C.. max. -15

Aged 70 hr. at 75°F. (26°C.) in
Reference Fuel B

Tensile Strength, *% change -13
Elongation, % change -15
Hardness, points change =5to +5
Volume, % change Oto +10

Aged 70 he. at 392°F. (200°C.) in
Stauffer Blend 7700

Tensile Strength, % change -4
Elongation, % change -20
Mardness. points change =1510 +5
Voiume, % change Oto +25

Aged 70 hr, at 482°F. (250°C.) in Air

Tensile Strength, % change -20
Elongation, % change -20
Hardness. points change 0Oto +10
Weight, % change -$

70 hr. at 392°F. (200°C.), % 30
336 hr. at 392°F 1200°C). % S5

e

VITON

1738
122

190

-4
-20

-18

-10
-2
+16

-26

-16
-9

+195

-2
-10
-1

=094

Compression Set—ASTM D395, Method 8

13
n

-
-

/



Products made from VITON®
fluoroelastomer are successfully
used in contact with a great variety
of fluids, in many instances at
temperatures far higher than are
practical with other elastomers. The
choice of premium-priced VITON is
justified by its trouble-free service
which saves far more expensive
maintenance and downtime costs.

To assist design engineers concerned
with specifying rubber components
exposed 1o severe chemical
environments, the accompanying
tabulation has been prepared. It
includes evaluations of the fluid
resistance of VIiTON versus a
selection of matenals whose
influences, at various temperatures
and for certain exposure times, range
from virtually no effect on, to
complete solution of, products made
from properly compounded VITON.

We emphasize that it should be used
as a guide only. The tabulation is
based on laboratory tests and records
of actual service performance. But

an elastomer’s degree of compatibility

“Reg. U.S. Pat. & Tm. ON.

with a particular fluid also depends
on such variables as temperature,
time, velocity of flow, aeration,
stability of the fluid, degree of con-
tact, nature of suspended solids, etc.

It 1s always advisable to test the
product under actual service
conditions before specification. If
this is impractical, then tests should
be devised which simulate actual
service conditions as closely as
possible. Obviously, your rubber
supplier should he provided with
complete details o~ the conditions
involved, since correct compounding
and processing are important to the
success of any resilient part where
chemical resistance is one of the
service requirements.

Rating Key

A—Little or no effect

B—Minor to moderate effect

C—Severe effect, ranging to
complete destruction

T—No data—likely to be
compatible

X—No data——not likely to be
compatible

FASE /T e 2/

Chemical Rat

Acetaldehyde

Acetic acid, 20%

Acetic acid, J0%

Acetic acid. glacial

Acetic anhydnde

Acetone

Acetviene

Alyminym chionge soiytions
Aluminum sulfate solutions
Ammonia. anhvdrous
Ammonium chiornde solutions
Ammonium hydroxide solutions
Ammonium sulfate solutions

o~~~ o~

Amyl acetate

Amyi alcohol MY
Aniline 4
Aniline g
Aniline C3e
ASTM oil 21 AlC
ASTM ol 23 A(33

ASTM reference fuel A

ASTM reference fuel 8

ASTM reference fuel C

Asphalt Al
Barnum hydroxide solutions

Benzaldehyde

Benzene Bt
Benzoyl chionde

B8orax solytions

Boric acid solutions

8romine, anhydrous liguid AN
Butane

Buty! acetate

Butvraldehvde

Buync acid

Calcium bisulfite solytions

Calcium chionde solutions

Calcium hvdroxide solutions

Calcium hvpochiorite. 5%

Calcium hypochionte. 20% Bi1?
Carbon bisulfide

Carbon dioxide

Carbon monoxide

Carbon tetrachionde Ai1?
Castor ol

Chiorine gas. drv
Chiorine gas. wet

Chloroacetic acid

Chiorobenzene

Chioroform

Chiorosulfonic acid

Chromic acid. 10-50%

Citnc acid solutions

Copper chionde solutions



Products made from VITON®
fluoroelastomer are successfully
used in contact with a great vanety
of fluids, in many instances at
temperatures far higher than are
practical with other elastomers. The
choice of premium-priced VITON is
justified by its trouble-free service
which saves far more expensive
maintenance and downt:me costs.

To assist design engineers concerned
with specifying rubber components
exposed to severe chemical
environments, the accompanying
tabulation has been prepared. It
includes evaluations of the fluid
resistance of VITON versus a
selection of matenals whose
influences, at various temperatures
and for certain exposure times, range
from virtually no effect on, to
complete solution of, products made
from properly compounded VITON

We emphasize that it should be used
as 2 guide only. The tabulation is
based on laboratory tests and records
of actual service performance. But

an elastomer’s degree of compatibility
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with a particular fluid also depends
on such variables as temperature,
time, velocity of flow, aeration,
stability of the fluid, degree of con-
tact. nature of suspended solids, etc.

It1s always advisable to test the
product under actual service
conditions before specification. if
this is impractical, then tests should
be devised which simulate actual
service conditions as closely as
possible. Obviously, your rubber
supplier should be provided with
complete details on the conditions
involved, since correct compounding
and processing are important to the
success of any resilient part where
chemical resistance is one of the
service requirements.

Rating Key

A—Little or no effect

B—Minor to moderate effect

C—Severe effect. ranging to
complete destruction

T—No data—likely to be
compatible

X—No data—not likely to be
compatible

Chemical

Acetaldehyde

Acetic acid. 20%

Acetic acid. J0%

Acetic acid. glacial

Acetic anhvdnde

Acetone

Aceniene

Alyminum chiornde soliutions
Alyminum syltate solutions
Ammonia. anhvdrous

Ammonium chionde solutions
Ammonium hvdroxide solutions

Ammonium sulfate solutions
Amyl acetate

Amyl alcohol

Aniline

Aniline

Aniline

ASTM ol 21

ASTM o1l 2)

ASTM reference fuel A
ASTM reference fuel 8
ASTM reference fuel C
Asphalt

Banum hvdroxide solutions
Beer

fenzaldehyde

Benzene

Benzovl chionde

Borax solutions

donc acid solutions
8romine. anhydrous liquid
Butane

Buryi acetate
Buivraldehvde

Butyric acid

Caicium bisulfite solutions
Calcium chionde solutions
Calcium hvdrox:de solutions
Calcium hvpochiorite, 5%
Calcium hvpochionte, 20%
Carbon bisulfide

Carbon dioxide

Carbon monoxide

Carbon tetrachionde
Castor o1l

Chiorne gas. drv

Chiorine gas. wet
Chioroacetic acid
Chlorohenzene
Chioroform
Chlorosulfonic acid
Chromic acid. 10-50%
Citric acid solutions
Copper chionde solutions

Rating

O»rr0rrrnnnnnn

A1
A-8
8(158°F
CI300°F )
AJ00°F
A(350°F
A
K

A
A(400°F

C
BI158°F )
8
.

A
A212°F
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Chvemical Rating
Copper sulfate solutions A
Cottonseed ol A(300°F)
Creosote oil AI2*F)
Cvclohexane A
Dibutyi phthalate 8
Diethyl sebacate 8
Dioctvi phthaiate 8
DOWTHERM A A(212°F)
DOWTHERM A B1400°F )
Epichiorohydnn Cr122°f)
Ethyl acetate Cc
Ethyl alcohol K
Ethyl chiorde A
Ethy| ether L}
Ethylene dichlonde A-B(120°F)
Ethylene giveol A(250°F)
Ethylene ox:de Cr158°F)
Exxon 2380 turbo oil (lubricant)  A(392°F)
Fernic chionde solutions A
Fluosilicic acid T
Formaidehyde. 40% A
Formic acid Crss®s)
FREONT.1Y 8
FREON-11 T(130°F)
FREON-12 A-8

REON-12 B130°F)

REON-22 c
FREON-22 X(130°F)
FREON-11]3 .
FREON-11) T130°F)
FREON-114 .
FREON-114 TM30°F)
Furtural Crse®r)
Fyrquel 220 hydraulic fluid) A12°F)
Casoline A
Clue A
Clycenn A(250°F)
n-Hexane A
Hydrazine ¢
Hvdrochloric acid. 20% A
Hvdrochlonc acid. 20% A(230°F)
Hvdrochloric acid, 37% A158°F)
Hydrochloric acid. 37% B(230°F)
Hvdrocvanic acid A
Hvdrofluonc acid, 48% A212°F)
Hvdrofluonc acid. 7$% B158°F)
Hvdrofluonic acid. anhydrous .
Hvdrogen A
Hvdrogen peroxide. 90% A
Hydrogen peroxide. 30% Cr270°f)
Hydrogen sulfide B(270°F)
Isooctane A
Isopropyl alcohol A
Isopropyl ether c
P-4 A(400°F )

threon 8 & reqiitered trademark of £ | dy Pomt
de Vemours & Co 'inc )

Chemical

L5 ]

iP-6

IP-6

Kerosene
Kerosene
Lacquer solvents
Lactic acid
Linseed o1l
Lubncating oils

Magnesium chionde solutions
Magnesium hydroxide solutions

Mercuric chioride soluticns
Mercury
Methy! alcohol
Methyl ethyl ketone
Methylene chionde
Mineral ol
Mobil XRM 206A

(aircraft eng. lube)

tha

Naphthalene

Nitric acid. 10%
Nitric acid. 30%

Nitric acid, 60%

Nitric acid, 70%

Nitric acid, 70%

Nitric acid, red fuming
Nitnc acid, red fuming
Nitrobenzene

Oleic acid

Oleum. 20-25%
Palmitic acid
Perchioroethyiene
Phenol

Phenol
Phosphonic acid, 20%
Phosphoric acid. 60%
Phosphoric acid. 70%
Phosphoric acid, 85%
Pickiing solution

(20% nitnc acid. 4% WP
Pickling solution

(17% nitric acid, 4% HP
Pickling solution

(17% nitric acid, 4% HF)
Picric acid

Potassium dichromate solutions
Potassium hvdroxide solutions

Pydraul 312C
Pyndine

QF1-2023 (silicone brake fluid)

SAE #100il
Sea water
Shell turbine oil 307

Rating

A(400°F )
A100°F)
81550°F)
A(158°F)
8(400°F )
-
A

A
A(158°%F)
A

B
A
A
A-8
C
B(100°F)
A

A(350°F)
A(158°F)
A(176%F)

A

A

A

B
8100°F)
8
cnss®r)
8

8
A

“
A(212°F)
A(212°F)
80300°F)

A
A212°F)

-

4
A(392°F)
A
A

81392°F)

Chemical
Silicone grease
SKYDROL 500
SKYLUBE 450
Soap solutions
Sodium chionde solutions
Sodium dichromate, 20%
Sodium hydroxide, 20%
Sodium hydroxide. 462 %
Sodium hydroxide, 46'2 %
Sodium hydroxide, 50%
Sodium hydroxide, 73%
Sodium hypochiorite, 5%
Sodium hypochionte, 20%
Sodium peroxide solutions
Soybean oil
Stannic chioride
Stannous chionde, 15%
Steam (see water)
Stearic acid
Styrene
Sulfur, moiten
Sulfur dioxide, liquid
Sulfur dioxide, gas
Sulfur tnoxide
Sulfunc acid, up to 5%
Sulfyric acid, 5-10%
Sulfuric acid. 10-50%
Sulfuric acid, 50-80%
Sulfuric acid. 60%
Sulfuric acid, 90%
Sulfunic acid, 95%
Sulfunc acid. 95%

Pase 20 oF 2
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CRET LS
A(250°F )
80300°F)
4
A
A(250°F)

PEr2>r>>»

A(250°F)
A(158°F)

A
A(158°F)

Sulfunc acid, fuming (20% oleum) A

Sulfurous acid

Sunoco XS-820 (EP lubricant)

Tannic acid, 10%
Tartaric acid
Tetranvdrofuran
Toluene

Tributyl phosphate
Trichiorethylene
Trichloroethylene
Trcresyl phosphate
Triethanolamine

A
A300°F)
A

A

Cc
81100°F)
Ci212°¢)

A
8(158°F)
A(300°F )

Cc

Trisodium phosphate solutions A

Tung oil

Turpentine

Water

Water

Xylene

Xylene

Zinc chioride solutions

A
A158°%F )
A(158°F)
A(212°F)

A
B1158°F)
A

CONVERSIONS FOR EXPOSURE TEMPERATURES INDICATED IN TABLE

o .
100
120
2
130

TEEEN

b

158
176
212
28

<
70
80
100
107

> < i

230 110 350
250 mn 392
7 132 400
300 149 550

e

176
200
204
288
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FOR FURTHER INFORMATION

. Du Pont supplies raw VITON® fluoroelastomer 1o leading rubber manufacturers throughout the
world. They, in turn, fabricate stock items as well as custom parts of VITON and sell through local
rubber goods suppliers or direct 1o end users.

To obtain more informanon on VITON. contact vour normal source of supply for rubber products
or wnite to Dy Pont for a list of manulacturers who produce these items. Please be sure 10 indicate
tha particular products in which you are interested.)

If vou wish 10 evaluate VITON for a custom rubber product or 1or a new application. contact the
Elastomers Division Distnct Office nearest you. A sales-service engineer will weicome

the opportunity to discuss your application and can refer you 10 a rubber manuracturer with the

(£ N4

facilities and expenence required o follow your project to completion.

*Reg. U.S. Pat. and Tm, OH.

United States Sales Offices

Detroit, Mi

29201 Telegraph Road

P.O. Box 985

Southfield, M| 48037  (313) 559-6000

Los Angeles, CA 90022
§717 E. Ferguson Dnve (213) 685-6851

Stow, OH 44224
4330 Allen Road (216) 929-2961

Wilmin , DE 19898
Kirk Mill Bidg.
Barley Mill Plaza (302) 999-4850

Canada

Du Pont Canada, Inc.
Toronto

P.O. Box 2300
Streetsville Postal Station
Mississauga, Ontano

L5M 2)4 (416) 821-3300
Montreal

P.O. Box 660

Montreal 3, Quebec

H3C 21 (514) 861-3861

United Kingdom

Du Pont (U.K.) Limited

Elastomers Division

Maylands Avenue

Hernel Hempstead

Herttordshire, England 61251

Australia

Du Pont (Australia) Limited

Northside Cardens

168 Walker Street

P.O. Box 930

North Sydney, N.S.W. 2060

Australia (022) 929-8455

Europe, Africa and Near East
Du Pont de Nemours
International S.A.
Elastomers Division
50-52 route des Acacias
CH-1211 Ceneva 24, Switzeriand
o2) 27-81-1

Latin America and Far East

E. |. duPont de Nemours & Co. (Inc.)
Elastomers Division

Export Sales

Wilmington, Delaware 19898, U.S.A.

E.1. DUPONT DE NEMOURS & CO. (INC)
POLYMER PRODUCTS DEPARTMENT
ELASTOMERS DIVISION
WILMINGTON, DE 19898
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&) O] Procucte Company

® O Sonae2%0
Houston TX Y70

December 11, 1985

Bechtel Power

c/o Mr. Baldwin Toy (Mail Stop 221/5/A44)
P. O. Box 3965

San Francisco, California 94119

Dear Mr. Toy:
Our November 27th telephone conversation identified three needs as follows:

1. Product brochure for Gulf Precision Grease.

2. A definition of complex as used in defining thickeners in grease.

3. Guit Harmgny 150D - our brochure SP15589-882 Andncates an operating temperature
of 40 - 130°F where your requirement is 38° . 150°F

Gulf Precision Grease - Gulf ceased manufacture of this sodium soap type grease in 1979,
however, the properties of this product are described in the attached product bulletin.
As a general rule, we recommend a Gulfcrown Grease (lithium soap type) of the same
consistency to replace Gulf Precision. Sodium soap greases, in general, do not exhibit

’ good compatibility with other greases. Therefore, we recommend that any sodium soap
grease be removed before introducing any other type of grease. Short of totally
dismantling a piece of equipment, purging can be accomplished by pulling plugs and
applying new grease until fresh new grease appears.

Grease Thickeners - Numerous chemical compounds have been used in lubricant
formulation as thickeners to produce a solid or semi-fluid product which we call a grease.
A petroleum based grease, then, is the product of a finely dispersed solid (the thickener)
in a lubricating oil. The chemistry discussion below focuses on soap thickened and soap
compiex thickened greases in layman's terms; it is not a recipe for making grease nor does
it address the properties imparted by the various thickeners.

The thickener in a soap-type grease is produced by a chemical reaction between a fat or
fatty acid and an alkali such as sodium, lithium hydroxide. The reaction is called
saponification and the soap takes its name from the kind of hydroxide used. Chemically
these soaps are call hydroxysterates.

Soap complex thickeners were the result of efforts to improve the heat resistance of
soap-type greases. They are produced by further reaction(s) of the scap thickener with
other chemicais. Numerous complexes are possible and | have not attempted to list their
chemical names.

Harmony 150D - Our brochure indicates that Gulf Harmony Oils fully meet a requirement
for hydraulic application in whi respon should be consistently good over the range of
plant temperatures (normally 40°F to 130 F)." Your question as | recall is what is the
operating temperature range for Harmony 150D.

°c

A QIO OF Gui” Oy CONSORATION TELEPWONE (71)) 427 sacr
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Among other attributes, a suitable hydraulic oil must possess good oxidation stability at
operating conditions and be between the upper and lower viscosity limits established by
hydraulic pump manufacturers (65 to 4,000 SSU at operating temperature are generally
accepted to be the outer limits).

In recommending a particular viscosity grade, we try to choose an oil that will satisfy the
equipment manufacturer's requirements over the entire range of operating temperatures
encountered. Harmony 130D contains a mild detergent and a special high temperature
oxidation inhibitor permitting its use at temperatures as high as 175°F. The usual
application of Harmony 150D is for paper machine bearings where it's excellent oil/water
separation characteristics are required. Using the viscosity parameter above, this oil may
be suitable from 65°F to 225°F. At the higher operating temperatures, oxidation stabm
becomes the controlling consideration for Harmony 130D. Therefore, our opreferred
operating temperature limits for Harmony 130D as a hydraulic oil is 65°F to 175°F.

Should we need to explore this subject further, | will need more detail as to the
application, such as the equipment manufacturer's name, make and model and any oil
specification the manufacturer has provided.

| appreciate receiving your questions and the opportunity to provide a timely response.

Very truly yours,

ey

D. B. Wright
Technical Representative - Marketing




General Qualities and Characteristics

Refined from the finest crudes. blended with quality
additives, Gulf Harmony?® oils for gear reducers are
formulated especially to meet the requirements of a

quality gear lubricant. They offer high film strength.

high lubnicity, supenor chemical stability. and
good separation from water. Work-tested addiuves
in Gulf Harmony oils enhance their ability to resist
foaming and combat corrosion.

Application Reguirements

Disastrous results occur when gears are permitted
to operate without adequate lubncation. Operating
gear reducers for long periods without using a
properly selected lubnicant will be equally destruc-
tive, if less dramatic. Metal-to-metal contact of the
teeth results in rapid wear and eventual failure. A
quality lubricant must have the proper fluidity to
assure fast distribution of an oil film over the gear
teeth that will resist rupture as the teeth slide over
each other. The lubricant must be able to operate
effectively under varying loads, temperature and
speed. and resist invasion of contaminants that
threaten chemical stability and long life.

Gulf Harmony oils have all of the physical
and chemical properties to make them effective
and efficient in meeting the rigid requirements of
gear lubrication.

The wide viscosity range of Harmony oils that is
available provides the correct fluidity and oil body
for each gear speed, pressure and temperature. The
tenacity of Gulf Harmony and its high film strength
greatly reduces friction and assures a sufficient oil
cushion for shock loads. The high chemical stability
of Harmony oils amply protects against oxidation
and assures durability under continuous circulation

and agitation while resisting foaming. They are
especially well fortified with rust inhibitors and
are outstanding in their ability to quickly and com-
pletely separate any moisture occurring from leaks
or condensation.

Recommendations

Gulf Harmony 46. 68. 100. 150D, 220 and 320 are
recommended for gear reducer applications in line
with the general rec 'mmendations of AGMA

American Gear
Mfg. Assoc. Gulf Harmony
Lubricant No. Grade
| 46
2 68
3 100
4 150D & 150
3 220
6 320

While these grades meet most requirements,
additional Guif “'armony grades (32,115, 460 and
680) are available for use in gear reducers.

Harmony 78 E.P. oil is a special grade made for
use as a marine-geared turbine lubricant. This oil
has E.P. properties to meet Military Specification
MIL-L-17331G(Ships) and has been approved by
the Navy against this specification. This mulitary
specification is often referred to as Navy Symbol
Oil 2190-TEP.

Selection of a grade for a particular application
involves considera‘ion of a combination of factors
including operating speed. loading. temperatures.
gearing design. and equipment manufacturers’ rec-
ommendations. Consult with your Gulf representa-
tive regarding which Harmony grades are correct
for your particular applications.



Typical Properties
n

( Gulf Harmoay -
Former Designanon RS e
I1SO Viscosity Grade 32 48
Gravity. ‘AP 14 0S8
Viscosity. kinematc.

cSt 40°C (104°F) 2908 4235

100°C (212°F) S.09 6.48
Viscosity, SSU

100°F 1503 218

210°F 43 479
Viscosity index.

ASTM D 2270 102 101
Flash.OC °'F 410 425
Fire, OC °F 465 490
Pour: *F -5 ~5
Color. ASTM D 1500 Los Los
Carton Residue.

Ramsbottom: *e 007 007
Neutrahzaton Vaive

ASTM D 974,

Total Acxd No. 0.10 0.10

’\‘ Ask the pro from Gulf

o
5
o8
299

625
834

22
543

102

450

515
«10
Le

0.08

0.10

100
480
538
-10
Lis

0.10

010

287

1165
1247

610
69.3

97
500
560

«10
20

0.1

0.10

we =
75 88/97
150 220
281 273
1389 205
1404 18.22
728 1084
758 934
97 97
505 515
575 585
-5 -5
L0 L4 0
042 0.5
01§ 015

Guli
<=

20 w0 W TSEP
121 11 i) “QEP
320 460 680 -_—
266 258 253 291
301 465 709 801

2342 32 4113 970

1598 2492 3826 416
1166 152§ 200 $9.1
97 97 97 98
540 560 590 475
600 630 660 545

-5 -5 -5 -10

Ls.0 L6.0 L70 L s

062 073 0.80 003

0.15 0.15 0.1 016
Gulf Oil Corporation
PO. Box 1563

Houston, Texas 77251



General Qualities and Characteristics

Gulf Harmony® oils possess the properties neces-
sary to act as a force-transmitting fluid in modern
hydraulically actuated machinery. These include:
excellent air-release characteristics. high viscosity
index. stability in long-term service and ability to
protect metal parts against rust and corrosion.

Application Resjuirements

Basically, all oils have the ability to transmit force,
but modern hydraulic equipment imposes environ-
mental operating conditions which require special
attention. Not every oil will do. The oils most
suited for hydraulic applications meet these
requirements:

1. Response should be consistently good over the
range of plant temperatures (normally 40°F to
130°F). Hydraulic oil should not thicken exces-
sively at the low range of temperatures, nor thin
significantly at the high end of the scale.

. Oil should resist deterioration over long service
penods.

3. It should protect system elements against rust

and corrosion.

4. It should resist foaming and air entrainment.

Gulf Harmony oils fully meet these require-
ments. With Harmony in a hydraulic system,
response is dependable. A selected foam sup-
pressant additive gives Harmony oils excellent
air-release charactenistics. This eliminates the pos-
sibility of spongy. mushy control which results
with air entrainment. Consistently positive control

[

g L A e ‘ % - = -
v AR A ST R T IR TN

is further enhanced because of Harmony's high
viscosity index. They maintain their viscosity over
a wide temperature range, not thinning significantly
with heat nor thickening with cold.

Harmony oils are triple inhibited with highly
effective additives, making them exceptionally
stable in service. They resist change in character—
such as sludging, darkening and acid formation—
with ume and service. They offer a high degree of
rust and corrosion protection, passing Procedures
A and B of the ASTM D 665 method for determin-
ing rust preventing characteristics of oil.

Recommendations

Gulf Harmony 22, 32, 46, 68, 100 and 150 represent
a range of viscosities to meet the requirements of
the vast majority of hydraulic systems. In selecting
the correct viscosity grade to use, the manufac-
turer's recommendations and specifications should
be reviewed. This is most important because toler-
ance in hydraulic systems is more critical than in
most mechanical industrial equipment. Every sys-
tem requires a particular viscosity because of its
design and the specific conditions under which

" it operates.

Your Gulf representative will be happy to help
you interpret manufacturers’ specifications in terms
of the right Harmony grade for your hydraulic
sysiems.

Note: For heavy duty hydraulic service and for alternate rec-
ommendations for systems in normal service. Gulf Harmony

AW oils are recommended. These oils have an added effective
ant-wear agent. See separate data sheet
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Typical Properties - T R
Gulf Harmony 2 2 4 68 100 150
Former Designation 41 4 47 53 90 77 -
1SO Viscosity Grade 22 32 46 68 100 150
Gravity: *API 323 314 30.5 299 29 28.3
Viscosity, kinematic: cSt
40°C (104°F) 21.36 29.08 42.35 62.5 92.0 145

100°C (212°F) 419 5.09 6.46 8.34 10.78 14.25
Viscosity, SSU

100°F 112 150.3 218 323 478 762

210°F 404 433 479 54.3 63.1 76.7
Viscosity Index,

ASTM D 2270 96 102 101 102 100 95
Flash, OC: °F 400 410 425 450 480 505
Fire, OC: °F 445 465 490 515 535 565
Pour: °F +10 +5 +5 +10 +10 +5
Color, ASTM D 1500 LO.S LO.5 LO.S L1.0 L1.5 L3.0
Carbon Residue,

Ramsbottom: % 0.06 0.07 0.07 0.08 0.10 0.10
Neutralization Value,

ASTM D 974,

Total Acid No. 0.10 0.10 0.10 0.10 0.10 0.10
Aniline Point: °F 214 220 223 231 240 246

{

Gulf Oil Corporation
P.O. Box 1563
Houston, Texas 77251

Ask the pro from Gulf

SP 15589-882
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General Qualities and
Characteristics

Gulfgem Grease is a versatile, multi-
purpose grease for elevated temperatures.
high speeds and extended lubrication
intervals.

Performance testing demonstrates it is
an outstanding lubricant for anti-friction
bearings. under extended periods at 350° F
and remains functional at temperatures as
low as minus 20° F. Gulfgem Grease main-
tains its consistency under shear even
at intermittent temperatures of 400° F.,
however lubrication intervals should be
shortened to approximately one-tenth of
those at 350° F.

Application Requirements

The Gulf patented aryl diurea thickener in
Gulfgem provides unique advantages over
conventional soap-based greases. It is an
outstanding lubricant for ball and roller
bearings at relatively high temperatures and
speeds, and has outperformed lithium com-
plex greases and calcium complex greases
in difficult applications. In bearing life
performance tests run at 10,000 rpm and
350° F under light load, Gulfgem Grease
lubricated for over 1300 hours before bear-
ing failure, which was five times longer
than competitive polyurea greases tested.
Gulfgem has performed well in tests

for water spray-off, water leaching and
water washout.

Gulfgem has also proved to contribute
to low noise levels in bearings.

In applications where clay-thickened.
aluminum complex, calcium complex,
and sodium soap grease have previously
been used, care should be taken to avoid
contamination of Gulfgem Grease as these
products have been found incompatible
with aryl diurea thickened greases.

Recommendations

Gulfgem Grease is recommended for all
types of grease-lubricated plain and anti-
friction bearings, especially pre-packed and
sealed-for-life bearings operating at ele-
vated temperatures and/or high speeds and
where contact with water is likely. Guifgem
is suitable in applications involving moder-
ate to high speeds and moderate loads.

The properties of Gulfgem Grease
make it particularly suitable for dryer roll
bearings, oven conveyor bearings, rotary
steam joints, induced draft fan bearings,
electric motor bearings, commercial roof-
top air conditioning units and equipment
adjacent to high radiant heat sources.

Its operating extremes make it possi-
ble to consolidate inventories which include
more than one grade of grease.
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SP 15405-981

Ty pical Properties

Dropping Point: C(F) 288 (350)
Penetration. D-217
Unworked 270
Worked 60 Strokes 285
Worked 10.000 Strokes 308
Color. Visual Cream
Texture Smooth-Buttery

Rust Prevention. D-1743

Pass (No. | Rating)

Wear Test. 4-Ball, D-2266
Ave. Scar diameter: mm

0.32

EP Test, 4-Ball. D-2596
LY L
Weld Point: kg

49.6
400

Water Washout, D-1264
Loss at 37.8C (100F): %
Loss at 74 4C (175F): %

Leakage Tendencies. D-1263 (Mod.)

24 hrs.. 121.1C (250F)
Total Leakage: g

Oxidation Stability, D-942
Pressure drop: kPa (psi)
100 hours
200 hours
300 hours
400 hours
500 hours

Loodao
00 O O v

0
(h
(n
(n
(2)

Copper Strip, FTMS 791-5308

24 hrs.. 100C (212F)

No Corrosion

Fafnir Fretting Corrosion Test

GM Method 9096-P
Weight Loss: mg

3.5

Ball joint Wear Test, D-3428

Housing weight loss: mg
Brine Sensitivity

79

Pass (no Squawk)

Gulf Oil Corporation
P.O. Box 1563
Houston, Texas 77001



General Qualities and
Characteristics

Gulfcrown Grease is an amber colored., but-
tery smooth lithium grease suitable for a wide
range of uses. Gulfcrown has very good
mechanical stability and excellent oxidation
stability, insuring long life. Itis specially
inhibited against rust and corrosion and has
superior resistance to the washing-out action
of water. Gulfcrown maintains good pump-
ability, even in cold weather. and is ideal for
centralized grease systems.

Application Requirements

Gulfcrown Grease is suitable for bearing
temperatures up to 121.1°C (250°F) and down
to — 12.2°C (10°F). The water washout test
on the No. 1, 2 and 3 grades shows them to be
applicable where water contamination is en-
countered. The excellent oxidation resistance,
as indicated by the low drop in pressure after

500 hours at 99°C (210°F) and under 110 psi
of oxygen. indicates longer life in bearings
with much less deterioration than greases of
lesser quality.

The excellent mechanical shear stabulity
of Gulfcrown allows use where lesser greases
might run out of poorly sealed bearings.

Recommendations

Gulfcrown Grease, as a true multipurpose
grease, is suitable for applications found
throughout industry, such as electric motor
bearings. fan bearings, pump bearings and
other plain and antifriction applications.

[t's recommended for use where water
contamination is encountered, and is suitable
for bearings operating at temperatures as high
as 121.1°C (250°F) or higher if replenished
frequently. Its pumpabtlity makes it especially
suitable in centralized grease systems. even
at low temperatures.
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General Qualities and
Characteristics

Gulfcrown Grease E.P. is a multipurpose E.P.

grease with a light amber color and smooth
buttery texture. available in NLGI consisten-
cies No. 0. 1. 2and 3. It’s a lithium soap

thickened grease possessing extreme pressure.

excellent load-carrying and antiwear prop-
erties in both steel-on-steel and steel-on-
bronze applications. [n addition. it effectively
inhibits against oxidation and rust.

Application Requirements
Gulfcrown Grease E.P. has good high tem-
perature characteristics and may be used at
temperatures as high as 121.1°C (250°F) or
higher if the grease is replenished frequently.
Gulfcrown Grease E.P. s suitable for most
grease applications where the loads are high.
and where shock loads may be encountered,

e P A S g e kDT AL . o) A, Wl D A S, W N S AT Wty e P AP BN

or where. under high pressure conditions. the
action of the machine elements are oscillating.

Gulf Recommendations

Gulfcrown Grease E.P. is recommended as
a multipurpose grease in many applications.
Specifically in such uses as electric motor
bearings. fan bearings. and pump bearings.
and for those applications where water con-
tamination is encountered. Pumpability is
excellent and Gulfcrown Grease E.P. is rec-
ommended for service in centralized grease
svstems. Gulfcrown E.P. No. O is recom-
mended for low temperature’low torque
applications. Gulfcrown E.P. No. ! is rec-
ommended tor centralized pumping systems
at temperatures as low as — 12°C (10°F).
Gulfcrown E.P. No. 2 can also be used in
automotive applications when an extreme
pressure No. 2 grease is required.
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General Qualities and Characteristics
Gulf E.P Lubricants, HD-Series are high quality incustnal

(sulfur-phosphorus) type gear oils, specifically designed for

severe duty conditions. They are produced from high qual-
ity base stocks which provide excellent oxidation stability,
high viscosity indexes, high flash and low pour points.
These lubricants pass all the AGMA requirements for E.P
type gear oils. All grades except Gulf E.P. Lubncant
HD680 contain a highly effective stray mist suppressant
and are premium quality oil mist lubncants.

Features and Benefits

* Wear Protection
The modem sulfur-phosphorus additive package pro-
tects against scuffing, spalling or welding of mating
gear teeth and bearing surfaces under high ambient
temperatures or loading conditions.

* Good Demulsibility
Superior water separating charactenstics

* Wide Temperature Range Performance
The high quality, paraffinic base stocks provide excel-
lent oxidation stability, high viscosity indexes, high
flash and low pour points.

* Formulated for Misting Systems -
Excellent oxidation and thermal stability coupled with
a special mist control additive make these lubncants
suitable for the most severe misting applications.

Gulf E.P. Lubricants, HD-Series

* Inventory Control
One product performing two functions, a premium
gear oil and a premium mist oil

Applications and Recommendations

Gulf E.P Lubricants, HD-Senes meet all the requirements of
AGMA Standard Specification 250.04 (September. 1981).
for E.P type gear ails. also those of Cincinnati Milacron,
Wheeling-Pittsburgh Steel Corporation. and U.S. Steel
Corporation for sulfur-phosphorus gear oils.

Gulf E.P. Lubnicants, HD-Senes are recommended for
the lubrication of bearings and gear dnives in extra heavy
service. They are recommended for steel mull gear dnives
which are subjected to large quantities of water. dirt, scale
and boundary lubncaton.

Though primanly gear lubricants, these oils arc suit-
able for use in many types of plain or antifriction beanngs
which are subjected to heavy shock loading, overioading or
high localized pressures. They may also be used success-
fully in worm gear lubrication. These HD-Series gear
lubncants are especially recommended where extended
drain intervals are required.

Guif E.P. Lubricants, HD-Series are outstanding for
mist applications. where shock loading and overioading
are encountered. Rolling bearings, plain beanngs. slides
and ways and chain drives may al! be mist lubncated with
these products. They minimize reservoir sludging and
mist head plugging.

Gulf E.P Labricant HD32 HDes HD1oo HDise HD12e HDI20 HD4sd HDes0
AGMA No - 2EP JEP JEP SEP oEP TEP SEP
Gravity: AP! N7 M1 N E ol ® %9 62 356 a3
Viscosaty. ¢t

20°C (104"F) 30 00 648 930 1389 20} 93 43 (23]

100°C (212°F) 59 § 64 1113 1441 18 48 o3 82 30 0% 38 4)
Viscosiry. SUV 5

37 € (100°P) 1545 338 “) m 1070 1556 302 3404

98 9°C 210°F) ) 353 64 4 773 94§ 116 6 147 4 187 3
Viscosiry (ndex 114 103 103 102 100 ¥ 9 9
Flash. OC *C(*P 199 190) 227(440) » 22%445) 212450) 23804601 243470 24% 480) 182485
Fire. OC C (P 212714400 24N 480) 157499 260 500) 1665100 274828 285545 B85350
Pour °C ("F) - 10 - |0 - 180 L - 150) - 180 - 1%0) - 12«10
Color. D1500 L3S L3S L4O (LX) 44 $0 LSS 83
Cardon Residue. Rams S 02 0.26 9. 0 36 0 40 043 049 0 63
Neutrahuzavon No - Débe

Total Acd No 0 8o 0 86 0 86 08¢ 0 86 086 08 0 86
Tunken Test ’

Lever Load kg (Ib) 29 6% 39 N6 29 %65 29 569 29 Se% 29 6% 29 Seh) 31 &
Rust-Preventve Test.

D66s . 24 Hr

Procedure A passe: passes passes passes passes passes passes passes
Procedure 8 passes passes passes passes passes passes passes passes

Ask the pro from Gulf

SP 15363282
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General Qualities and Characteristics

Gulf Harmony AW oils were developed 1o provide max-
imum pump life and trouble-free service n industnal and
mobile hydraulic systems. They fulfill the demand of
hydraulic pump and hydraulic mactunery manutacturers
for a premuum hydraulic oil. They possess proven protec-
ton against wear. outstanding oxidation and thermal
stability and are able to sausty low ambient temperature
applicatuons in appropnate viscosity grades. (hese
properties make them suitable for vane. gear or piston
type hvdraulic pumps. and motors

Features and Benefits

* EXCELLENT WEAR PROTECTION — Provides
hughest wear protection. especially with operating pres-
sures in the range of 3000 to 6000 pounds per square
inch

* LONGER FLUID LIFE — The proper combination ot
tugh quality base otls and selected additive components
provides outstanding oxidation and thermal stability and
lower sludge forrmung tendencies

* RESIST FOAMING AND ENTRAINED AIR — Re-
duces equipment noise. spongy or erratic operation and
rapid oxidation of the fluid that may result from exces-
sive aeration

* GOOD DEMULSIBILITY — Harmony AW Ouls
possess excellent water separation properties. thereby
munumuzing emulsions which can cause lubncation

problems

* MEETS EQUIPMENT MANUFACTURERS’
REQUIREMENTS — Approved by major manufactur-
ers specifving a prermuum hyvdraulic ol providing wear
protection, oxidation resistance. corrosion and anti
sludge forming tendencies (see inside for more details)

* INVENTORY CONTROL — One hydraulic oil may be
used in many vaned applications. therefore reducing
cost and chances for musapplication

General Recommendations

Pump Ty pe Harmony AW

Vane. Gear and Axial Piston Pumps 32,46 or 68 AW

Otilgear Pumps requinng Heavy Oil 100 AW

Piston Pumps (Radial)

— 150 AW
Pumps requinng extra Heavy Oil

In the selection of an oil from thus chart. progress (o
heavier viscosity as operating pressures increase or
range of temperature increases. Whenever possible.
refer to onginal equipment manufacturer’'s recom-
mendaton for viscosity grades

Package Size

Available in bulk and 55 gallon retumnable stee! drums
Harmony 32AW. 46AW. and 68AW are available in

5 gallon pails

Sani

WO —— - —— ey T —— - —
il Lo T




o e
LT A T .
., R wg

Onidation and Thorma! Stability

Oxidation of hvdraulic fluid can occur at the oil-air inter-
face and within the oil from reaction with dissolved and
entrained air. The products of this reaction include weak
acids and soaps. Acids can pit metal surfaces: soaps tend
10 hold moisture which leads to plugged pressure-sensing
onfices and flow paths [n additon. moisture-containing
soaps tend to reduce the effectiveness of many filtration
svstems. Another location where high temperature oil
oxidauon occurs is at the outlet « | the pump. where it
forms a resinous matenal that ¢z deposit on hot surfaces
(pump rotor. relief valves and spools) causing them o
stick. Resinous matenal forms sludges which combine
with dint and moisture which float around the system
plugging small openings in valves and filters and interfere
with heat ransfer from the reservoir. Guit Harmony AW
Ouls provide excellent resistance 1o the degradation effects
of high temperature oxidation

Wear Protection

Operation pressures in the range of 30 and 6000
pounds per square inch are now commonly encountered
in industnal applications. With these pressures. mechan-
ical tolerances are closer and the need tor wear protection
charactensucs is greater. Gulf Harmony AW provides the
hughest wear protection tor hyvdraulic systems operating
under the most severe conditions.

Gulf Harmony 12AW, 40AW. 68AW. 100AW and
1SOAW are approved by the Denison Division of Abex
Corporation against their HF-0 and HF-2 specifications
The HF-0 approv al required that Gulf Hurmony AW be
pump tested by Denison in a complex hydraulic svstem
using both a large vane and a large axial piston pump
The vane pump was operated at 2.500 psi and the piston
pump at 5.000 psi with the o1l inlet temperature held
at 160°F for the finst seventy houn and then increased to
210°F. 10 the conclusion of the test at one hundred hours
Both pumps were in excellent condition and showed insig-
nificant wear atter one hundred hours of test ime

Gulf Harmony 312AW. 36AW and 68AW are also
approved against Cincinnati Milacron Antiwear Hydruu-
lic Onl specitications P-68. P-70 and P-69. respectively
They are recommended for all Cincinnat Milucron equip-
ment requinng either R&O turbine quahity or unti-wear
nvpe hvdraulic ol

Gulf Harmony AW Oils have passed the Sperm \Vick-
ens 3SVQ2IS high pressure vane pump test where the ol is
subjected (0 3000 psi und 200°F The results of this test
showed Guif Hurmony AW provided excellent wear pro-
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tection and these oils can be recommended for use in
Sperry Vickers equipment. These oils also show excellent
wear protection in the Rexnord “"Cyclic” Test uthzing a
Racine model *S™ pump

Prevents Foam and Entrained Air

Not only do they resist foaming. they also readily release
entrained awr. Foaming appean as air bubbles above the
surface of the fluid. and entrained awr as bubbles below
the surface of the fluid. Both situations. if not corrected.
may result in spongy. erratic operatons. rapid oil oxi-
dation and noise

Rust Protection

The component surtaces in a hydraulic system are pro-
tected against rusting with Gulf Harmony AW Oils. They
provide supenor rust protection as measured by both pro-
cedures A (distilled water) and B (salt water) of ASTM
D 665 Rust Test

\iseonity Range

Five grades of Gult Harmony AW Oils are available to
satisfy the vast majonry of hvdraulic system require-
ments. Gulf Harmony 12AW. J6AW and 68AW oils are
recommended for the majonty of vane. gear and axial
piston pumps and motons encountered in industry. The
choice of a particular viscosity grade depends on syvstem
operating conditions. Most pump manufacturen recom-
mend that certain minimum and MAXIMUM \ISCONIT
ranges at start-up and dunng running be maintained. The
proper grade for a given system should be chosen so that
over the entire temperature range encountered — the
start-up viscosity and the operating viscosity range — the
pump manutacturer s requirements are me?

Gulf Harmony 100AW satisfies the requirements ot
certain Oilgear pumps which s pecity the use of 4 “heuvy
hydraulic o1l

Gulf Harmony IS0AW s otfered o satisty the higher
VISCONITY requirements of certain radial piston and special
gear type pumps w here the manutacturer specifies an oil
in the 129 §-194 2 ¢St range at 37 8°C (600-900 SSL
range at 100°F )

l.ubrication \pplications

Gulf Harmony AW Oils are recommended to handle the
more severe hyvdraulic applications. and will satisty muans
lubncation applications. such as machine tools. gear ¢uses
and miscellaneous heanng sy stems. so as to permit 4
munimum number ot lubncants to be inventoned in a plant
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ISO Viscosity Grade
ASTM Viscosity Grade
No. (Saybolt)
Graviry: API
Viscosity, Kinematic: ¢St
20°C (104°F)
100 °C (212°F)
Viscosity, SSU
100°F
210°F
Viscosity Index. ASTM D 2270
Intertacial Tension. D971
77°F .dyncm
Flash. P-M:°F
Flash. OC: °F
Fue. OC:°F
Pour: °*F
Color. ASTM D 1500
Carbon Residue. Ramsbottom. ¢
Rust Preventive Test. ASTM D 665
Procedure A. 24 hr
Procedure B, 24 hr
Neutralization No. ASTM D9™
Towal Acid No
Oxidation Test. ASTM D o443
Time Oxidized
Hr t0 2.0 Acid No
Emulsion. D 1401. 120°F
* Test Run at IB0°F
Distilled Water: Minutes
Aniline Point. ASTM D 611 °F

2aw

430
470
-
£13
027

Passes
Passes

40-20-0(5)

Mg

62.9
843

323
54.6
104

3
450
470
500

-2

LS

028

Passes
Passes

0.50

2500 -

40-40-015)

1

465
29.0

11.03

500

L ¥
465
490
545
+3

L20

0.29

Passes
Passes

0.50

2000 -

4030-0 (1=
241

150AW
150

700

4
0
»

2000 -

0-40-0 (10)™
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February 24, 1986

& MECHANICAL ]
EQUIPHENT
QUALIFICATION
Mr. Baldwin Toy REFERENCE # %24
Bechtel Power o
P. O. Box 3965 (Mail Stop 221/5/A44) VARG T o

San Francisco, CA 94119

Dear Mr. Toy:

In our February |9 telephone conversation, you requested our thoughts, from a radiation
tolerance standpoint, on the suitability of Gulf Seneca 68 in a mild radiation environment
possibly as high as 2,000 rads.

| have discussed this application with Mr. G. J. Schreuders at Chevron Research and we do
not foresee any difficulty with Seneca 68 in the 2000 rads range.

Q‘ . Sincerely, ,

7

D. B. Wright
Technical Representative

DBW:pbm

x
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For General Purpose
Industrial Applications

e o
25 APRER

General Qualities and

Characteristics
Gulf Seneca is a non-inhibited mineral oil

manufactured from selected naphthenic
type crudes. Its low pour point and good
oxidation stability are developed by sol-
vent processing and refining. Low carbon
residue, freedom from gumming tenden-
cies, and light color are other important
properties of this oil. Carbon formed from
the combustion of these oils is soft and
flaky and therefore easily removed.

Application Requirements
The nine viscosity grades of Gulf Seneca

provide an across-the-board capability in
general purpose industrial lubrication.
They are used effectively for oil lubricated
ball and roller bearings; hydraulic and cir-
culating systems; enclosed light-duty, high-
speed gears; reciprocating steam engines;
machine tools, and general machinery
where lubrication is accomplished by ring-
oilers, chain-oilers, sight feed cups. bottle
oilers, drip cups or hand application; and
for certain process applications. Since
these products contain no additives, they
will not react with or displace the fluid in
liquid filled lubricator sight glasses.

Application requirements which most
frequently dictate the use of a Gulf Seneca
grade, however, are low carbon build-up,
soft, flaky characteristics of any carbon
that might form, and low temperature
operating capability.

The low pour points of all Gulf Seneca
grades make them highly desirable in ap-
plications involving low starting or oper-
ating temperature or where machinery
or equipment is subjected to low ambient
temperatures.

In applications requiring efficient filtra-
tion, Gulf Seneca oils mect all normal con-

GULF SENECA

PAGE 2 J» -‘«
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ditions. Since they're non-inhibited mineral
oils, they may be used with any type filter,
including fuller's earth.

Gulf Seneca 45 and Gulf Seneca 49
meet the requirements of Military Speci-
fication MIL-L-15016B, Amendment I,

- for Military symbol 2110 and 2135 oils,

respectively.

Gulf Recommendations
All grades of Gulf Seneca are suitable for
hydraulic systems, circulating systems, and
general purpose applications requiring a
low pour point and good oxidation sta-
bility. In particular:

Gulf Seneca 42, 45 and 49 are recom-
mended for refrigeration compressor lubri-

~ cation where naphthenic type non-inhibited

mineral oils are required. Gulf Seneca 49
is being used in both rotary and recipro-
cating ammonia refrigeration compressors
having evaporator temperatures as low as
-S0 F.

Gulf Seneca 49, 54, and 57 are recom-
mended as compressor lubricants for both
low starting temperatures and high op-
erating temperatures where carbon deposits
are a critical problem.

Gulf Seneca 39 and 42 have good burn-
off characteristics and have proven to be
outstanding roll oils for use in Sendzimir
mills when rolling both ferrous and non-
ferrous metals.

Gulf Seneca oils are eminently suited
for use as rubber compounding oils and in
other process applications wherever good
compatibility. light color, and color sta-
bility are required.

The low odor, adhesiveness and vis-
cosity of Gulf Seneca 66 make it suitable
for use as an air filter oil on reusable air
conditioning filters to capture dirt and dust
from the air.
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Tvpical Properties of Gulf Seneca Oils <
va—%ﬁﬁm 2% 332 CR 77 10 IO (80
39 A2 _AS A9 &4 BT 66 15 84

ASTM Viscosity Grade(Saybolt) 105 150 215 315 — 465 700 1000 —
Gravity: °API 285 279 270 261 260 261 255 252 250
Viscosity, SUV: Sec.

100 F 1100 1466 2040 305 407 S09 766 978 1245

210F 392 416 448 494 536 578 674 754 846
Viscosity Index RS e NS 60 60 59 61 62
Flash, OC: F 345 355 370 400 400 430 435 455 500
Fire, OC: F 380 390 410 450 445 465 485 515 575
Pour: F below® —55 —40 —40 —36 —20 —15§ —1§ —10 —10
Color, ASTM D 1500 LOS L10 L10 L1O0 10 05 L15 L1S L15
Carbon Residue, Ramsbottom % 006 006 006 007 008 008 009 009 010
Copper Strip Test -

212 F, 3 Hr. 1 1 1 1 1 1 1 1 1
Neutralization Value

ASTM D 974

Total Acid No. 003 003 003 003 003 003 003 004 004

Aniline Point: F 189 199 203 205 213 216 221 226 2289

* “below” applies only to Gulf Seneca 39

m Gulf Oil Company —U.S.
G w | §) cur Building
Nve e

Houston, Texas 77002 ;
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/ Chevron USA. Inc.

8554 Katy Freeway. Houston, Texas 77024 « Phone (713) 827-4800
Mai PO Bos 4256 Mouston 1X 17210

Je.auary 23, 1986

. Pace 4 of 2
Bechtel Power g sy SRR PRy v i
c/o Mr. Baldwin Toy
P. O. Box 3965 (Mail Stop 221/5/A4%)
San Francisco, California 94119

Dear Mr. Toy:

This letter is intended to document our several telephone conversations dating back to
early December, 1985, to respond to two questions that you posed over this period.

1. Can we predict the effect of radiation on other Gulf products based on previous
laboratory work? The products are: Seneca Oils (particularly Seneca 68), Super
Duty Plus Motor Oil, Automotive Transmission Fluid - Dexron II, EP Lubricant HD
220, all Gulfcrown and Gulfcrown EP greases, all Harmony Oils, Lubcote and
Premium Lubcotes.

2. Cmnmvldemdactdegndatlmcurnsbyproductorhmﬂyofpm@ctstobe
used to establish a basis for lubricant change-out intervals? Probably need two
curves; one to consider radiation exposure/rust inhibitor loss and a second as a
tunction of operating temperature/oxidation.

First, let's consider predicting radiation effects based on previous laboratory work. On
January 13, 1986, I spoke with Mr. Gerard Schreuders at Chevron Research to address this
question.

Mr. Schreuders, you may recall, is the author of the report which | sent to you in October
titled "Irradiation of Gulf Lubricants - 2nd Edition". In essence, his comments were that
laboratory results could be extended to other products of sufficiently similar composition.

Specifically, for the products of concemn to you, our position is as follows. EP Lubricant
HD 220 should exhibit tendencies under radiation much as EP Lubricant HD 150 which we
have evaluated. Other Gulfcrown greases should behave similarly to Gulicrown Grease
No. 2 since the major difference is the quantity of soap; likewise other Gulfcrown EP
Grease should behave similar to Gulfcrown EP Grease No. 2. Other Harmony oils
(excluding the Harmony AW series) should react similarly to Harmony 46 and 115.
Harmony AW oils should react to radiation in much the same way as the Harmony 32 AW
test results reported.

We have not tested ary seadicsr oimlla 15 0w Seneis Sisy ATT-Deaon Ly Super Luty
Plus, Lubcote or Premium Lubcote products, therefore, we do not have a basis for
predicting the effect of radiation on these products. However, our concerns extend
beyond radiation for some of these products and their application in the power plant. The
application of automotive type products such as Dexron Il and Super Duty Plus (assuming
they are not for automotive type equipment) in an industrial plant, causes some concern
to me. Our radiation research work did not include motor oils, etc., because we did not
anticipate such a need in a nuclear environment. It may be that the application of these
automotive products is based on a strict interpretation of the equipment vendor's
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lubricant recommendation when an industrial lubricant may perform as well, or better, in
the specific piece of equipment. In a 1/20/86 conversation you told me that the Super
Duty Plus is to be used in a diesel generator in a mild radiation environment, possibly as
high as 1,000 rads. We foresee no difficulty with Super Duty Plus tolerating 1,000 rads -
(not megarads) in this application.

The second question concerns degradation curves. While it may be possible to generate
the type of degradation curves which you have requested, we prefer a more generalized
approach to lubricant change-out intervals (particularly when due to radiation exposure).

In a nuclear plant, it is our understanding, lubricants are not exposed to large quantities of
radiation on a day-to-day basis. Instead, exposure occurs primarily because of some kind
of accident such that the exposure is very large for a relatively short duration; obviously
these accidents are going to be unpredictable in all aspects - random events. At this
point, the other unknown just prior to an accident is the condition of the lubricant in each

piece of equipment.

Numerous factors can degrade a lubricant. They include, in no particular order,
cumulative radiation exposure, higher operating temperatures, dirt, wear metals, water,
contamination from mis-lubrication and others. The best techniques that we have seen
employed throughout industry include: 1) a comprehensive preventive maintenance
program that includes periodic laboratory testing of lubricants used in key items of
equipment and 2) a firm commitment to preventive maintenance throughout the plant

management.

Our irradiation testing of Gulf lubricants led to two conclusions. First, all oils should
provide sufficient lubricating properties (for their intended application) to permit
continued equipment operation for some period of time sufficient, at least, to allow for a
safe and orderly plant shutdown, even though some losses have or are occurring in rust
protection and oxidation stability. Second, there is no evidence that the lubricants would
interfere in any way with shutdown procedures. Therefore, our general recommendation
to the nuclear power industry using Guif lubricating oils and greases is to replace the
lubricant as soon as practicable after exposure to 30 megarads and preferably after
exposure has reached 10 megarads.

One final comment. On occasion | have mentioned that Chevron has a family of products
- NRR Lubricants - which are nuclear radiation resistant. Enclosed is Chevron Technical
Bulletin No. 10 for your future reference.

Sucerely,

Ly

(v
D. B. Wright
Technical Representative
DBW:kc
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Revised
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Chevron markets a line of Nuclear Radiation-Resistant Lubricants -- currently
two oi's and four greases -- for use in environments subjected to high radiation
dosages. These specialty products have successfully served the nuclear industry
since the 1950's. To the best of our knowledge, they are the most radiation
resistant of any products of this sort and are the most readily available, certainly
in the U.S. if not throughout the non-Communist world.

Because of their expense and limited application, Chevron NRR lubricants are
available for sale only through the Central Order Desk, Richmond, CA. Sales are
F.O.B. Richmond freight collect -~ products will not be shipped until a Purchase
Order or Telex is in hand. For information regarding price and availability call
(415) 620-2084 or write to:

Chevron U.S.A. Inc.
Central Order Group
P. O. Box 1272
Ridvnonc.i, CA 94802

The purpose of this Bulletin is to assist in the handling of technical and sales
inquiries. Technical questions not covered here should be directed to Chevron
Research Company, Marketing Services, 576 Standard Avenue, Richmond, CA
94802 (Telephone (415) 620-3000, Ext. 4079).

Nuclear radiation affects organic lubricants. Any resulting change is generally
undesirable because lubricant properties are highly optimized for a given
application. Thus, it is important to use radiation-resistant oils and greases in all
applications subjected to high doses of destructive nuclear radiation (radiolysis).

Certain general effects are common in the radiolysis of both oils and greases.
Chemically, hydrogen and other gases evolve; and unsaturation and cross-linking
are produced in the organic molecules. Both low and high molecular weight
materials are formed -- the larger molecules predominate. This is reflected
physically in an increase in viscosity and ultimate gelation. Greases initially
become softer due to attack on the gelling agent. Eventually, they harden as the
base oil cross-links.

Encl. - Tables [-VIII Limited Distribution
Figures | and 2 Technical Representatives
Sales Representatives
Others Upon Request
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There are many specific radiolysis effects depending upon the composition of a

iven lubricant. For example, diester synthetic base oils, phosphate esters
antiwear additives), and halogenated materials (EP agents) each produce acids
when exposed to low radiation doses. Common polymers such as polybutenes and
polymethacrylates cleave readily and thus lose their V.L.-improving function.
Silicone antifoam agents are also easily destroyed. The aporoximate order of
radiation stability of organic fluids used in lubricants is shown in Figure 1. High
aromatic content promotes radiation resistance.

Other factors also affect stability. An oxidizing atmosphere is bad and increasing
temperature lowers the useful life of lubricants. Fluids below polyphenyl ethers in
stability in Figure 1 can have radiation resistance improved by including selected
additives.

Chevron's nuclear radiation-resistant lubricants are made from alkyl-aromatic-
type base oils and contain special additives. They retain their physical properties
and lubricating ability over a much wider range of radiation doses than
conventional materials.

Conventional soap-gelled, mineral oil-based greases will generally withstand about
107 (10 million) rads.! Special conventional greases will withstand doses of at least
108 (100 million) rads. Much higher doses can be tolerated by the NRR products.

Conventional compounded oils will generally endure more radiation than similar
greases, but the oils exhibit wide variations in the doses they will withstand. These
variations depend on the base material, the additives used, the exposure conditions,
and the performance property being measured.

Our radiation-resistant lubricants are described in Table .2 Information on
operating limits and recommended uses is included.

Tables [I-VIII give pertinent test data.Z

1A rad is a unit of radiation energy absorption:
| rad = 100 ergs taken up by each gram of absorber = 4.3 x 10-6 Btu/Ib.

2This information is based on a wealth of data developed previously on similar
materials (see Bolt, Carroll; "Radiation Effects on Organic Materials," Academic
Press, 1963; Chapter 9, “Lubricants"). Although chemical integrity has been
maintained, the actual lubricants offered for sale now are not identical with those
originally developed. The present lubricants have not been exposed to tests with
radiation. This has not been necessary due to the background cited.

Pzace oty



TABLE I

CHEVRON_NRR_LUBRICANTS

P B

Fadlation
i Opcrltlng Dose Limit
Product | Range o ' 1100 Million Rads Product Description Recommended .se
Nuclear Radiation-
Resistant Oreases
Chevron NRR -23 to 163 " 30 Premium synthetic aromatic oil, Antifriction bearings up to 10,000
Orease 159 (=10 to 325) sodium terephthalamate gellant, and | rpm, motors, pumps, accessories.
selenide oxidation inhibitor.
Chevron NRR -18 to 93 50 Synthetic aromatic oils, silica Low speed, high load siiding our-
Grease 235 {0 to 200) 1lant, and selenide oxidation faces; screw mechanisms; provides
nhibitor. Also contains graphite | residual lubrication in remote
and molybdenum disulfide as machinery, e¢.g., remote valves.
"pesidual lubricants.”
Chevron NRR -18 to 121 50 Synthetic aromatic oils, sodium Antifriction bearings up to 10,000
Orease 335 (0 to 250) Terephthalamate gellant, and rpm; valve activating end screw
selenide oxidation inhibitor. mechanisms.
Chevron NRR -18 to 93 50 A soft version of NRRG-335 con- Special product developed for
Grease 509 (0 to 200) taining molybdenum disulfide. enclosed gear trains,
Nuclear Radlation-
Resistant Oils
unevron MRR 7 to 101 50 25 eSt at 40°C Synthetic aromatic Hydraulic pumps and accessory cquip-
011 358 (#20 to 225) oil plus polymers ment ; gear trains; control mecha-
selected to resist nisms,
viscosity changes
during irradiation;
Chevron NRR 7 to 107 50 280¢cSt at ¥0°C also containssele-
011 360 (420 to 225) nide oxidation
inhibitor,

'In air; can be extended in inert atmosphere.

7-17-80

CHEVROR RESEAXCH
COoMP AxY
BICM0as, CALIFORNIA

ROB

‘;° 3 M. "
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TABLE II

PROPERTIES OF UNIRRADIATED
CHEVRON NRR GREASES

o “Results
: NRR Grease
Test Method 156 | 235 335 509
Worked Penetration, Pgo ' D 217 260 290 290 370
Dropping Point, °C D 2265 260+ | 260+ | 260+ | 260+
041 Separation, 25°C, 24 Hr, % D 1742 0 1.3 2.8 8.7
11 Separation, 100°C, 30 Hr, % 791-321% 3.3 - 2.6 | 28
ur-Ball Weld, kg D 2596 - 1175 - |190
Wad Wear Index, kg D 2596 - 38 - 31
. ‘our-Ball Wear, 20 kg, S54°C, D 2266 - 0.771 =~ 0.71
. 1800 rpm, 1 Hr, mm
Extracted 011 Viscosity: 40°C, cSt D 445 64 b 35 32
100°C, ¢St 9.0 .3 6.0 5.4
Viscosity Index D 2270 118 140 115 100
Thin Film Oven Life: 121°C, Days s - 16 39 33
149°C, Days 30 6 12 S
177°C, Days g - - -

l1Federal Test Method
3. L. Dreher, "Predicting High Temperature Performance of Lubricating Greases,"

NLGI spokesman 21, (2) 13 (1957)

{II’ CHEYRON RESEARCH
\ oo

RICHMORD, CALIFORNIA
ROB

7-1€-80
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TABLE III

PROPERTIES OF UNIRRADIATED
CHEVRON NRR OILS

ASTM Test | Typical Results on Chevron
Test Procedure RRO- -
Viscosity, 40°C, cSt D 445 25.2 282.8
Viscosity, 100°C, cSt D 445 4.6 18.4
Viscosity Index D 2270 91 64
Pour Point, °C D 97 -7 -12
Flash Point, COC, °C D 92 138 210
Color D 1500 6.0 7.0
Copper Corrosion at 100°C D 130 2c! 2C
Sulfur, Mass % D 2622 0.006 0.005
Evaporation, %, 22 Hr at 100°C 28.4 1.5
Sulfated Ash D 874 <0.002 <0.002
CHEVYRON RESEARCH
COMPANY
RICHMOND, CALIFORNIA
ROB

T-17-80
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TABLE IV

TEST DATA ON CHEVRON NRR 159-TYPE GREASE

Radiation Dose, 100 Million Rads

ASTM Penetration
Worked 60 Strokes 261
worked 100,000 Strokes 325

ASTM Drop Point, °C 260+

Oxygen Bomb
Copper Corrosion, 100 Hr at 100°C Slight Stain Slight Stain
Oxidation, 100 Hr at 121°C, psi Drop Bl 24

Water Resistance, % Grease Loss 0

Evaporation, %
22 Hr at 149°C
22 Hr at 204°C

((Qarent Viscos;lzy » Polses

~ °C at 12 Sec

0°C at 20 Sec ?

Low Temperature Torque
Temperature, °C
Starting Torque, g-cm
Running Torque, g-cm

Navy Gear Wear Test, Wt Loss of Brass Gear
5 Lb Load, mg/1000 Cycles
10 Lb Load, mg/1000 Cycles

Bearing Ferformance
10,000 rpm, Hr at 149°C (Repeat runs) 1577(634) 306 (2€5)
10,000 rpm, Hr at 177°C (Repeat runs) l 400(279:188) [ 196(196)

CHEVRON RESEARCH
COMPANY
RICHMOND, CALIFORNIA

ROB
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TABLE V
IN-PILE TESTS! CHEVRON NRR 159-TYPE GREASE

Time in Materials
Testing Reactor,
Hours?
Motor Radiation Dose,?
No. Total | Irradiated | 100 Million Rads

311823 1432 1049 14
311833 | 1432 1049 14
31181 3470 2594 34
ITest conditions: O0.3-horsepower motor in
vertical position running at 6500 rpm;

bearings were about 0.6-inch bore and
outside diameter of 1.25 inches; bearing
balls and races were M-2 high-speed tool
steel with silver-plated separators;
bearings were unshielded and were preloaded
to 6 pounds; helium atmosphere.

21000 hours represent incident electromagnetic
radiation of 1.35 billion rads plus 3.2 x 10%*
thermal neutrons/sq. cm, plus 0.64 x 10**

fast neutrons/sq. cm; this roughly corresponds
to 1.4 billion rads, ignoring thermal
neutrons.

INo failure.

CHEVRON RESEARCH
COMPANY
RICHMOND, CALIFORNIA
7-16-80 ROB

-
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TABLE VI
TEST DATA ON CHEVRON NRR 235-TYPE GREASE

Nﬁﬁa-z
Dose, 100 Million Rads 0 _-pﬁ—"—to

ASTM Penetration
Worked 60 Strokes 290 379; 388;
397

ASTM Drop Point, °C 260+ 260+

Bearing Performance in
Size 204K Ball Bearing,
Hr to Failure
10,000 rpm, 121°C 248
4,000 rpm, 93°C 3000

Navy Gear Wear Test, Wt
Loss in mg/1000 Cycles

‘ 6000 Cycles at 5 Lb | 0.27, 0.222
6 3000 Cycles at 10 Lb | 0.90, 1.032
: ; Four-Ball Wear Test

30 Minutes at 800 rpm
Scar Diameter, mm

Steel/Bronze, 2 Lb 0.23
Jaw Load

Steel/Bronze, 5 Lb 0.76
Jaw Lecad

Steel/Steel, 20 Lb 0.47
Jaw Load

IThree separate irradiations; two in air, one in
helium.

2MIL-G-3278 specification calls for maxima of 2.5
and 3.5, respectively. ’

K‘ CHEYRON RESEARCH
{ COMPANY
RICHMOND, CALIFORNIA

7-16-80 ROB




TABLE VII
TEST DATA ON CHEVRON NRR 335! TYPE GREASE

NRRG-3357

Dose, 100 Million Rads 0 “ 9 26 30
ASTM Penetration

Unworked 276 257 238 246 221

Worked 60 Strokes 289 |289 | 308 |4o0o | 359
ASTM Drop Point, °C 260+ | 260+ | 260+ | 260+ | 260+
Bearing Performance in
Size 204K BalilBearings,
Hr to Failure

10,000 rpm, 121°C ggz; i

(‘ 10,000 rpm, 149°C 220 | 154 155 - 39

INRRG-509 is a soft grade of NRRG-335. NNRG-509
contains molybdenum disulfide and has an ASTM
penetration in the range 360 to 380; the radiation
stability of NRRG-509 should be similar although its
performance characteristics are different from
NRRG~-335.

{. CHEVRON RESEARCH
COMPANY
. RICHMOND, CALIFORNIA

7-16-80 ROB
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TEST DATA ON CHEVRON NRR 358- AND 360-TYPE OILS

Gamma Dose, 120 Million Rads

Appearance of 0il

Color, ASTM
Appearance of Exposure Can
Viscosity
eSt at 100°C
cSt at H0°C
Viscosity Index

Copper Corrosion, 3 Hr at
100°C, Strip Color

Neutralization Number, mg
KOH/g Micro

Four-Ball Wear Test
Scar Diameter in mm;
10 kg Load; 30 Min. at
1200 rpm; Steel/Steel

Pour Point, °C

Evaporation, %, 22 Hr at
100°C

Chevron NRR 358-Tyne 011 Chevron -Type 01
0 - 50 0 1 12 €2
- - S1t. - - Clear |Cloudy -
Haze

4- - 4- 4-1/2 b- 3-1/2 5 8

- - 0K - - 0K Black Black
4.4 2.5 3.8 73 17 11 11 :1
26 20 22 72 365 200 200 1155
85 22 41 43 24 -13 -1 11
1b 2c 2c 2¢ 1b 2a 2a 1b
Nil 0.10 0.06 0.02 0.01 0.09 0.06 2.01
0.51 - 0.50 - - - - -
0.51 - 0.57 - - o i i
-9 -29 -54 -40 -7 -29 -21 -19
31 - 30 - - o o %

7-16-R0

CHEVRON RESEARCH
COMPANY
RICHMOND, CALIFORNIA

ROB



FIGURE 1
RADIATION RESISTANCE OF BASE OILS

Approximate Gelation Point

]— Polyphenyls

Polyphenyl Ethers
Alkylaromatics 1

Polyglycols
" Mineral Qils

Diesters
Silicates )

Disiloxanes
Phosnhates

- Olefins
Silicones

Dose, Millions of

CHEVYRON RESEARCH
COMPANY
RICHMOND, CALIFORNIA

ROD RE 805636
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FIGURE 2
GAMMA IRRADIATED OILS

Dose, Millions of Rads
0 900 4400

Conventional Turbine Lubricant
(Mineral Oil)

CHEVRON RESEARCH
COMPANY
RICHMOND, CALIFORNIA

PM 801653

'
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Chevron USA. Inc. [’.mS‘V’G
PO Box 4256. Houston. TX 77210 « Phone (7131 3274300

«

April 7, 1986

Mr. Baldwin Toy

c/o Bechtel Power .
P. O.Box 3965 (Mail Stop 221/5/Au4)
San Francisco, CA 94119

Dear Baldwin:
As you requested, this letter will document our recent telephone conversations.
In providing you with allowable operating temperature ranges for specific products and

applications, | endeavored to satisfy your requirements without extending our products to
their outer limits. So, the upper temperatures | provided are somewhat conservative. The

ranges are: ;
: A. EP Lubricant HD 68, as a gear oil, operating temperature range is +109F to 1204°F.
You can relate this product to EP Lubricant HD 150 for predicting radiation

% tolerance.

B. S;mcqg 68, as a refrigeration oil, operating temperature range from -20°F to
120+°F.

C. Premium Lubcote, as lubricant for cables and chains on air-lock doors, operating -
temperature range from O%F to > 5509F. Since the dropping point of the product
exceeds 5509F, we can imply that its flash point also exceeds 550°F, Per your
conversation with Paul Vartanian, Chevron Rcmrc'} it has been ogreed that the
radiation tolerance of Premium Lubcote No. | is 5x10” rads or higher.

D. Harmony 220, an AGMA #5 product for use in gear reducers, operating femperature
is from 159F to 1859F,

| have enclosed five pages of lubricant recommendations which have been complei=d.
This should bring me up to date in providing responses and documentation which you have

requested.
Please let me know when additional lubrication questions arise regarding the South Texas
Nuclear Project.
Very trulyﬂrs,
' D. B. WRIG
§. TECHNICAL REPRESENTATIVE
DBW:pbm

Attachments
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General Qualities and Characteristics
Gulf High Temperature Grease is a calcium-
complex lubricant which was developed to meet a
growing need for a superior high-temperature petro-
leum base grease. It is also an outstanding multi-
purpose grease, and has proven iself in a wide
range of applications.

In addition to its high-temperature perfor-
mance, Gulf High Temperature Grease exhibits
excellent inherent extreme pressure and anti-wear
characteristics. These properties are not achieved by
additive chemicals that must be heat activated but
by the nature of a portion of the complex. These
inherent E. P. characteristics are therefore much
more effective and useful than conventional E. P.
systems, since they do not require high heat to be
effective. Gulf High Temperature Grease has high
affinity for metallic surfaces and excellent water-
wash resistance. It has very good mechanical stabil-
ity and is effectively inhibited against rust, corro-
sion, and oxidation.

Recommendations
This product has found uses in the steel, paper,
rubber refractories, chemical, cement and glass
industries. As a further example of its multi-purpose
character, Gulf High Temperature Grease is being
used in such varied applications as electric motor
bearings, laundry and dry cleaning equipment, chip
and sawdust cookers, screw conveyors for hot mate-
rial, molding presses, hot gas fans and blowers, and
other applications where high temperature or other
adverse conditions require a superior lubricant.
Gulf High Temperature Grease is an NLGI
No. 1 consistency. Since it performs satisfactorily
over wide temperature and operating extremes,
there is little reason for other grades of this particu-
lar product — a contribution to simplified
lubrication.

Ask the pro from Gulf

SP 154441100

\

Temperature Greases§

PaGE 14 fz,&
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Typical Properties

Gulf High Temperature Grease

Type Calcium Complex
Drop Point F 568
Penetration, ASTM D 217

Worked, 60 strokes 325

100,000 strokes 348
Color
Texture

Corrosion, Copper Strip
24Hs @212 F No Corrosion

Rust Test, ASTM D 1743 1

Oxidation Stability, ASTM D 942
Pressure Drop, psi
100 Hr
500 Hr
Water Washout, ASTM D 1264
Grease Loss: %
100 F
_TEN

Load Carrying Capacity, FTMS 791-6503
Load Wear Index
E. P. Test, 4 Ball, 1735 RPM
10 Sec, 70-80°F
Weld Point: Kgs

Wear Test, 4 Ball, 1800 RPM
20Kg., 1 Hg, 10F
Avg Scar Diameter: mm
Avg Coefficient of Friction
Timken OK Load, Lbs 50
Mineral Oil
SUV@ 100F
Viscosity Index

Beige

Smooth, Buttery

600
-

Gulf Oil Corporation
P.O. Box 1563
Houston, Texas 77001
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General Qualities and Characteristics
Gulf Premium Lubcote E.P. greases are
high dropping point products utilizing a
polyurea thickened base grease, and are
designed for applications where asphaltic-
type lubricants are not recommended or
have proved to be less than satisfactory
because of high gear speed, high or low
operating temperatures and the inconve-
nience of heating for application.

Special components are included in the
products to impart adhesion characteris-
tics necessary in open gear lubricants.
Selected additives help them maintain a
“grease-like” consistency over a wide
temperature range.

Application Requirements

Gulf Premium Lubcote E.P. greases fea-
ture excellent water wash-out resistance in
addition to good antiwear and E.P. prop-
erties. In addition, they are effectively
inhibited against rust.

Their adhesion properties are excellent. In
a special bench-scale gear adhesion test,

remlum_

Lubcote;

'PAC:z" 20 of al

they retained from 82-86% of the grease
applied, at speeds up to 300 RPM.

They will maintain a “grease-like” con-
sistency at 0°F, which means that they can
be applied at low temperature by grease
gun, brush or paddle without heating.
They have good pumpability and can be
applied using air operated grease pumps
having a minimum pump ratio of 40:1.

In addition, they can also be sprayed
using the same equipment and acceptable
spray nozzles.

Recommendations

Gulf Premium Lubcote E.P. greases are
recommended for application where
equipment is subjected to shock and over-
loading, high or low operating tempera-
tures and when superior adhesiveness is
needed. Some typical applications are
couplings, fifth wheels, open gears on
power shovels, draglines, ball-mills,
rotary kilns, and overhead cranes. They
are also recommended for use in cam and
slide walking mechanisms such as those
found on certain large draglines.




General Qualities and

Characteristics

Gulf Super Duty Plus Motor Oil, available in
SAE grade 15W/40, provides protection to diesel
and gasoline engines operating under the most
severe conditions.

It is formulated to meet or exceed the most
severe requirements for motor oil, both on-and-
off highway. It provides protection over extended
drain intervals, and can function extremely well
as a single oil in fleets of mixed engine types

Gulf Super Duty Plus 15W/40 gives effec-
tive all-weather protection and easier cold
weather starting. It also contains a friction reduc-
ing additive that can yield up to 3% increased
fuel efficiency.

Application Requirements

Super Duty Plus is an API CD/SF product that
meets engine manufacturers’ toughest require-
ments, and has a Total Base Number (TBN) of
10 as determined by ASTM D 2896. This meets
Caterpillar recommendations for an oil to be
used when the sulfur content of the diesel fuel is
unknown. Super Duty Plus meets Mack EO-K
and EO-J specifications; MIL-L-2104 C, MIL-L-
46152B; Caterpillar (Former Series 3); Ford
M2C-153-B, M2C-157-A; General Motors GM-

6049M,GM-6048M; and Cummins. It has a maxi-

mum sulfated ash of 1% by weight to meet the

requirements of Detroit Diesel and meets the war-

ranty requirements of all U.S. car manufacturers

Ask the pro from Gulf

150

Recommendations
Gulf Super Duty Plus Motor Oil is recommended
for use in automotive diesel and gasoline engines
operated in heavy duty service. It is particularly
recommended for supercharged diesel engines,
and in off-road construction equipment. Since it
meets Caterpillar recommendations for a 10 TBN
oil, it is suitable for use when the sulfur content
of the diesel fuel is unknown

Using Gulf Super Duty Plus will satisfy the
warranty requirements of nearly all engine manu-
facturers, and allow operators with several types
of engines, and more than one make of equip-
ment, to stock oaly one engine oil

Typical Properties

Super Duty Plus
SAE Grade 15W/40
Gravity, *API 28.3
Viscosity, cSt, 40°C 99 5
¢St, 100°C 13.56
SUV, 100°F 512
SUYV, 210°F 73.7
Viscosity Index 1 3¢
Flash, COC, °C 210
F 410
Pour, *C - 28
F 0
Zinc, %
Sulfated Ash, %

Total Base No. D-2896

Gulf Vil Corporation
P.O. Box 1563
Houston, Texas 77001
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Technical Bulletin
Shell Oil Company

Alvania® Greases

PAGE 3 o 18

Premium quality, multipurpose greases -

Product line

Shell's Alvania Greases 1, 2 and 3 are smooth-
textured, a - ber-colored greases manufactured with
a lithium 12-hydroxystearate soap thickener. They
are inhibited with additives to assure long service
life, and provide good lubrication and COrrosion pro-
tection of grease-iubricated parts in both heavy and
ight industry. Alvania Greases are excellent as
gencral plant and electric motor lubricants. NLGI
Grades 1 and 2 are readily pumpable in pressure
grease dispensing systems.

Alvania EP Greases R00, RO, 1 and 2 are dark
brown in coior and are fortified with extreme pres-
sure additives to giv- . \creased load carrying prop-
erties. They have cxcellent antirust properties.
Alvania EP Greases are an excellent selection for ail

appiications, including heavy or shock loading sit-
uations, where beanng temperatures do not exceed
275°F.

Alvania Grease D is a long-life grease for railroad
antifriction journal bearings designed for fieid relu-
brication as well as those bearings requirng shop or
faciory relubrication. It is approved against AAR
Specification M-942.

Applications

Proper grease selection depends upon many fac-
tors, including bearing size, speed, temperature,
load and method of application (hand gun, central-
ized systems). The bearing lubrication guide in this
bulletin will assist in this selection.
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. Factor' Grade
-30 to 100 0 to 75.000 1
75,000 to 150,000 1
150,000 to 300,000

0to 150 0 to 75,000
75,000 to 150,000
150,000 to 300.000

NN

100 to 275 0 to 75,000
75,000 to 150.000

150,000 to 300.000

LN

mmmuunmmmmumwunmmmmnmn
AW wits. mnmdmummnanmm“aam

Adrerm o bans 1 2 3
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Shell Ol Company Lubricants Sales Offices Warranty

East Coast 100 Executive Drive All products purchased from Shell are subject 10 terms
(201) 325-5497 West Orange, New Jersey 07052 and conditions set out in the Contract, order acknowiedge-
ahs' 1415 West 22nd Street ment and/or bill of lading. Shell warrants only that its
(312) 887-5500 Oak Brook, Illinois 60521 product will meet those specifications designated as such
Cleveland 7123 Peart Road herein Or in Ot #r publications. All other information sup-
(216) 8424000 Middleburg Heights, Ohio 44130 plied by Shell is considered accurate but is furnished upon
HOumbOr 24 Greenway Plaza, Suite 711 the express condition that the customer shall make its own
(713) 439-1000 Houston, Texas 77046 assessment 10 determine the product's suitability for a \
West Coast 511 N. Brookhurst Street particular purpose. No warranty s expressed or implied
(714) 991-9200 Anaheim, California 92803 WMMWNMWMN

same is based, or the results (o be obtained from the use

Shell Ol Company Head Office Saies

thereot. that any product shall be merchantable or it for

Houston One Shell Plaza mwmuMdewm
(713) 2414201 P.O. Box 2463 information or product will not infringe any patent.
Houston, Texas 77001

February 1984
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Volatile corrosion inhibitor

Description

Shell VPI 260 is a volatile or “vapor-phase”
inhibitor developed by Shell specifically for the
protection of iron and steel surfaces against
rusting. It is a stable nitrite of an organic amine. A
fine white powder. it possesses appreciable vapor
pressure at ambient temperatures. VPI 260 acts
by volatilizing., reaching metal surfaces in the
vapor phase, and being adsorbed on the metal to
form a normally invisible film which acts to
prevent corrosion by passivating the metal.

VP! 260 normally is introduced as a solid, but
occasionally as a solution, into an enclosed air
space containing the surfaces to be protected. A
third method of introduction is by coating or
impregnating packaging material. Such VPI-
treated material is usually wrapping paper and is
commercially available from several paper con-
verters.

Methods of application

In principle, the method of using Shell VP/ 260 is
simply to enclose the metal surfaces or articies in
a package in which ventilation is absent or
severely restricted, and to include in the package
sufficient VP/ 260 to maintain a saturated or near-
saturated concentration of the vapor for the
period of protection required. For maximum
effectiveness the VP! crystals should be ade-
quately dispersed within the package and should
be within at least one foot of the surface to be
protected. No special preparation is necessary
except to be sure that the surfaces to be protected
are reasonable dry.

Application as a powder
Shell VF /260 may simply be dusted on when the

shape of the article to be protected permits
adequate distribution and allows the powder to
remain on or near the surfaces vulnerable to

corrosion. With suitable safeguards industnal
floc guns may be used. An alternative or supple-
mentary means of application is to suspend the
crystals in small porous bags near the surfacesto
be protected.

Application in solution

The application of Shell VP/ 260 in solution in a
volatile solvent such as methy or ethyl alcohol will
aid in distributing the material throughout arti-
cles with complex shapes. This method aiso
helps to provide rapid protection, since the inhib-
itor can directly reach the area where it is re-
quired. The solvent should be completely evapo-
rated before the package is sealed.

Application as a packaging material
Frequently the most convenient method ofapply-

ing VPI crystals is to use it on packaging mate-
rials. Coating or impregnation 2f paper or board is
done under license by several paper converters
Shell Qil Company does not sell coated paper
directly. However, Shell sales offices can provige
manufacturers' names so that availability and
application details may be obtained.

Quantity required

The quantity of Shell VPI 260 required to maintain
asufficient concentrationof vapor will depend on
the efficiency of sealing ina given application An
adequate quantity may bevery small where vapor
loss is completely prevented. Generally speak-
ing, however, a suitable quantity is two grams
{0.07 ounce) per cubic foot of enclosed space or
one gram per square foot of metal surface.
whichever is the greater. The recommended quan-
tity of inhibitor should be introduced into the
confined space regardless of the method used 1o
apply 1t.



su&gnuom to help assure
satisfactory performance
1. VPI260 should be usec only to protect items
that will be packaged or otherwise enclosed.
. While no special preparation is required, the
surfaces to be protected should be reason-
ably dry.

3. Air-tight packaging is not essential and for
some purposes very simple arrangements
will sutfice, orovided that no gaping openings
are left.

4. Adequate weather proofing should be pro-
vided particularly to insure that water does
not penetrate anc wash away the inhibitor.

5. Excessively high temperatures should be
avoided. The loss of VP/ 260 from nor-air-
tight packages will increase sharpiy above
125° F.

6. Shell VP! 260 is virtuglly insoluble in oil and
greases. If it is mixed with such products,
the rate of vaporization and therefore the
effectiveness is greatly reduced. However, if
itcan be introduced into the vapor space sur-
rounding a coated or oiled object additional
protection may be obtained.

7. Acidic materiais tend to decompose VP/
260. Strong alkalai will do the same. There-
fore acidic packaging material such as par-
tially seasoned timber and some types of
paper should not contact tha metal being
protected from corrosion.

8. The rough surface of cast-iron is generally
more susceptible to electro-chemical attack
than smooth surfaces. It is recommended
that rough cast-iron components of articles
to be protected by VP! 260 should first be
coated with a good quality mineral oil.

9. Shell VPI 260 is not specifically cesigned for
preventing corrosion of non-ferrous metals.
Its use with lead and cadmium is not recom-
mended because of potential corrosion.
Some staining has been observed upon direct
contact with brass and copper. With other
nonferrous metals, exposure was either with-
out effect or in some cases, gave a slight
degree of protection. One notable exception
was aluminium, where excellent protection
was recorded.

Shell Ol Company Lubricants Sales Offices

10. Shell laboratories have investigated the ef-
fect of the vapors on many non-metailic
materials and surfaca coatings. In most cases
there is no effect at all. However, since the
possibilities for use are so varied, it may be
advisable to carry out a preliminary trial
under specific conditions.

Safety precautions

Shell VP 260 has toxicological properties similar
to those of sodium nitrite. Excessive exposure
can result in headache and a lowering of blood
pressure. VP/ 260 is rated as moderately toxic,
and contact with foods for human consumption
or with animal feeds must be avoided.

Handling VP! 260 under normal conditions
does not cause any trouble. However, it is a
matter of ordinary prudence to minimize contact
with crystals and solutions, just as with many
other chemicals. Workers exposed for prolonged
periods of time to air containing VP! 260 should
wear dust masks.

VP! 260 is combustible. If welding is to be
performed on vessels or pipes that have been
protected internally with VP/ 260, precautions
must be taken to remove the residual crystals
prior to welding. This can be accomplished by
means of a water wash.

Physical properties

Vapor Prescure ot TO°F, mm Hg 0.0001
Cotubliity st 77°F, Grams per 100 grams of

solution in water

§

Solubliity in water st verious lemperstures,
Grams per 100 grams of solution
at32°F
at 115°F
ot 150*F
Melting Point, *F
Flash Point, COC*F

28 .0

Warranty

East Coast 100 Executive Drive
(201) 325-5450 West Orange, New Jersey 07052
1415 West 22nd Street
2) 887-5708 Oak Brook, lilinois 60521
800) 323-3405
Cleveland 7123 Peari Road
(216) 842-4000 Middieburg Heights, Ohio 44130
Houston 24 Greenway Plaza, Suite 711
(713) 4391000 Houston, Texas 77046
West Coast $11 N. Brookhurst Street
(714) 991-9200 Anaheim, California 92800
Shell Ot Company Head Office Sales
Houston One Shell Plaza
(713) 2414201 P O Box 2463

Houston, Texas 77001

All products purchased from Shell are subject to terms
and conditions set out in the contract, order acknowiedge-
ment and/or bill of lading. Shell warrants only that its
product will meet those specifications designated as such
herein or in other publications. All other information sup-
plied by Shell is considered accurate but is farnished upon
the express condition that the customer shall make its own
assessment to determine the product’s suitability for a
particular purpose No warranty s expressed or implied
regarding such other information, the data upon which the
same s based, or the results (o be obtained from the use
thereot; that any product shall be merchantable or fit for
any particular purpose; or that the use of such other
information or product will not Infringe any patent.

Apni 1985
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Wesinouow Researcn Center

P O Box'38C

Houston Texas “TOC

October 10, 1985

Mr. Baldwin Toy

Bechtel Power

P.0. Box 3965

Mail Stop 221-5/A44

San Francisco, CA 94119

Dear Mr. Toy:

During our recent conversation you requested information as to the
radiation resistance and anticipated shelf-life of certain Shell
lubricants.

With reference to the VSI® Circulating 0il 32, no irradiation tests have
been conducted by Shell. However, with reference to a chapter authored
by E. R. Booser of General Electric which appears in the Standard
Handbook of Lubrication Engineering, he states that a radiation dose

which results in a 251 increase in the viscosity at 100°F can be taken as
a tolerance limit. With this irlde. the tolerance limit for a 1{ght
turbine oil is shown to be 1.5x10” rads. Since our VSI 011 32 would meet
that definition, we would anticipate its tolerance to be in the same
range. The maximum operating temperature recommended for VSI 0il {is
150°F. Operation above this temperature rapidly depletes the volatile
irhibitors and accelerates oxidation of the oil.

Relative to greases we are supplying details of our radiation testing of
Shell DOLIUM® R Grease. This product was irradiated to a level of
2.2x10¥ rads, after which tests were conducted to detect the effects.
Certification of the radiation testing showing the dose rate and duration
is attached. The radiation source was Cobalt 60.

After being irradiated, DOLIUM R on visual inspection indicated it had
maintained its normal grease texture and consistency, with only a slight
darkening in color. Penetration tests confirmed the grease consistency
to be relatively unchanged. The ASTM D 1743 Rust Test showed rust
protection properties were maintained. To evaluate the ability of the
grease to lubricate effectively, a test bearing was packed with the
irradiated grease and run for a period of 168 hours in a Pope Bearing Rig
at 300°F, and performance was found to be satisfactory. The test results
are also attached. Duplicate tests were run on an “{mproved™ DOLIUM
formulation designed "DR-31" as we anticipate this new version to be
adopted after wuser qualification testing and review. Earlier test
results with ALVANIA® Grease 2 showed only a 202 softening after
radiation exposure at 4.75xl10” roentgens in static tests. Thickener
systems of the type employed in DARINA greases, a hectoritic clay,
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reflect good radiation resistance and would be expected to reflect minor
changes, if any, at a dose level of 1x10° rads.

The shelf life of most lubricants can be quite extensive given good
storage conditions. As a general rule, a term of 2 years could be
utilized for oils and a term of 18 months for greases. The products may
be completely satisfactory for use after that period, but should be

visually examined for contamination or changes before use. Good
inventory control should eliminate the problem of old or contaminated
stock.

-

We trust this information will be useful, Mr. Toy. Thank you for your
use of Shell products at the So. Texas Nuclear Project.

Very .truly yours,

1
- K
¥ Y > ¥ /.'t’/-t'\

E. Mironchik
Sr. Staff Research Engineer
Fuels and Lubricants Dept.

<‘II' EM/awb

Attachments

cc: Shell 011 Company
West Coast Lubricants Sales
District Manager - J. M. Coghlan

Houston Lubricants Sales
District Manager - W. R. Davenport, Jr
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‘ 22301 M:. Ephraim Roed, P.O. Box 68
' ' Dickerson, Maryland 20842  USA
301/349-5001 TWX: 710-828-0542

October 14, 1983

Mr. Edward Mironchick
Shell Development Corp.
P. O. Box 1380

Bouston, Texas 77001

Dear Mr. Mironchick:

Enclosed please find the radiation test reports for your grease sanples.
Should you reguire additional informatien, or clarification of data presented’
herein, please do not hesitate tc call me at 301-345-5001.

(. Sincerely,

. N'UTRON PRODUCTS, INC.

(/L LJH’?{;"%&&{/

s tlizabcth‘{ Baker

Enclosure

ELB/kmw



DOLIUM® R
Vk?cn. Unworked
Worked Pen, 60 Strokes

ASTM D = 1743 Rust Test

Pope Rig, JOO°F
163 Hrs.

“DR-31"
1/, Pen, Unvorked
vorked Pen, 60 Strokes

‘ ASTY, D=1743 Rust Test

Pope Rig, 3150°F
168 Hrse
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IRRADIATED GREASES

TEST RESULTS

Original

192
252

1,1

294
301

1,1

2.2 X 10° Rads

226
271

1,1
Normal
Operation
275 .
301
1,1

Normal
Operation
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Product Description

Shell Darina Greases are superior quality, multi-
purpose, non-soap greases. They give excellent
lubrication in wet or dry applications, over a wide
temperature range and for long periods of time. This
performance makes them more versatile than many
soap-based industrial greases.

TthmnaGnuumwodonMcrogoﬁ a
Shell-developed inorganic thickening agent. Micro-
ge/ does not have the limitations of soap-type
thickeners. It does not melt, dissolve, or lose its
thickening power from sheardown, as soap fibers
sometimes do. Because of Microgel’s superior
characteristics, Darina Greases can be used in a
much wider variety of applications than most soap-
base greases.

Darina Greases are available with and without
extreme pressure agents. Both versions are made in
three Natiora! Lubricating Grease Institute (NLGI)
consistencies, Grades 0, 1, and 2.

Environmental concerns can be minimized by
using either Darina or Darina EP Greases, because
they do not contain lead compounds. Because the
non-EP version does not contain any components
which the U.S. Department of Agriculture considers
particularty toxic, it is approved for use in meat and
poultry processing plants where there is no possibil-
ity of contact with the food.

Applications

Darina Greases are intended for industrial grease-
lubricated machinery particularly where the grease
is exposed to temperatures as high as 250°F or, with
frequent relubrication, 350°F. Darina Greases are

—Page 11 of 18

o USRS SISO 1
Shell Darina® Greases

Superior quality multipurpose greases
for lubrication of bearings operating
at elevated temperatures.

well suited to ball, roller, and sleeve bearings as well
as to sliding surfaces and grease-lubricated gears.
They perform well where water is present because
they can adhere to wet parts, resist dissolving ir.
water, and resist its washing action. The extreme
pressure version, Darina EP Grease, is recom-
mended for heavily ioaded machines and is some-
what better in its water resistance.

One of the major industries having a requirement
for a grease with these characteristics and therefore
one of the largest consumers c‘ Darina Greases is
the steel industry. Steel mills have heavy machinery
and difficult service conditions and therefore use
Darina EP Grease more often than Darina.. Steel
mills frequently have centralized grease dispensing
systems. These systems have distribution lines that
are exposed to temperature extremes from winter's
cold to radiation from hot steel. The ability to be
pumped through piping and tubing under a wide
range of conditions is important in the steel industry
and is known as grease “mobility.” Darina EP
Grease 1 has good mobility and is especially suited
to these conditions.

The Darina Greases are also excellent candidates
for applications in chemical plants and paper mills
where grease is exposed to very wet conditions:
mining and process plants where crushers, screens.
and kilns are operated at high temperatures; and
general industry where a multi-purpose grease can
simplify plant lubrication by meeting virtually every
grease lubrication need.




Performance Test Resuits for Darina
Greases

Oxidation Resistance

Darina Greases owe their oxidative excellence to the
fact that they are manufactured using high quality
t)ase nils which are further enhanced with an oxida-
tion inhibitor. Oxidation stability is measured in the
Eomb Oxidation Test ASTM DS42. In this test, a
grease sample is placed in a bomb heated to 210°F
and filled with oxygen to 110 psi. The Bomb Oxida-
tion Test indicates the tendency for a grease to take
up oxygen by measuring the pressure drop of the
oxygen, usually after 100 hours. The less the pres-
sure drop during the test, the less prone to oxidation
will be the grease. Some less stable greases give
pressure drops as high as 28 psi.

Darina Grease

Gave a pressure drop of 10 psi, after 100 hours.

Darina EP Grezse

Gave a pressure drop of 1 psi after the 100 hour
test and only 4 psi after 500 hours.

These results mean that you may be able to re-
duce the grease quantity that you feed 10 the bear-
ings and that Darina EP will retain its original
characteristics in service for a iong time.

Mechanical Stability
The Roll Stability Test, ASTM D1831, simulates
grease being worked in a roller bearing. In this test
some greases tend to change their consistency —
some even become liquid after being churmed by the
roller. If this occurs in a bearing, it can result in
leakage. The change of consistency is measured as
a percentage of the original consistency after being
tested at room temperature and at 212°F. The less
the percentage of change in this test, the greater will
be the grease's stability in service.
Darina Grease
The NLGI 2 grade changed 15% after being
tested for four hours at room t»mperature.
Darina EP Grease
Darina EP Greases changed less than 1% after
being tested for two hours at room temperature.
At 212°F, Darina EP 1 changed by €% and
Darina EP 2 changed by only 12%.
These results mean Darina Greases can be ex-
pected to stay on the job, giving lower grease con-
sumption and less frequent relubncation.

Adhesion

Adhesion as a lubrication problem relates most
significantly to extreme pressure greases because
they are used 'n heavily loaded applications often in
the presence of cooling water. Aithough adhesion
can sometimes be important in dry applications (to
stay on gears or wire ropes, for example) tackiness
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is usually needed to prevent grease from being
washed away Dy rain or cooling spray. In the Water
Spray-off Test, water at 100°F and 40 psi is sprayed
ontc a thin layer of grease. The more the grease
stays in place, the better its adhesion in wet service
With Darina EP, half of the grease remained, where-
as only 10-15 percent was left after the test on
another inorganic EP grease.

Water Washout

In addition to the spray-off test, which measures the
adhesive properties of grease, Darina Greases were
subjected to the Water Washout Characteristics Test
ASTM D1264. This test evaluates a lubricating
grease's resistance to washout from a bearing by
water. The test is carried out at 100 or 175°F and at
600 rpm. The percent of the grease sample washed
away by water is repcrted. Shell Darina EP Grease
showed “nil” loss in the test

Grease Leakage
The tendency for a grease to leak from bearings in
service can be measured in the Wheel Bearing
Leakage Test, ASTM D1263. In this test, the grease
sampie is rolaied in a modified automobile front
wheel hub at a speed of 660 rpm and at a spindle
temperature of 220°F.
Darina Grease
Darina Grease 2 showed no ioss by leakage.
Darina EP Grease
A scant 2 grams of Darina EP 2 and 5 grams of
Darina EP 1 leaked from the 90 gram sample at
220°F. This was two-thirds less than leakage
with another EP inorganic-thickened grease.
These results show that you can expect long
service from Darina Greases at elevated tempera-
tures without losing the grease.

Load Carrying Ability

Extreme pressure characteristics are necessary for
heavily loaded machines to prevent metal to metal
contact that can destroy gears and bearings. Only
the Darina EP Grease is tested for this property.
Several extreme pressure tests are recognized, and
the results for Darina EP 2 Grease in these tests are
given below:

AST™
Teost Test Method Resutt
Timken Test. Ibs. pass D2509 S0
4-Ball EP Test. Weid Load Xg 02596 NS
4-Ball EP Test Load Wear Ingex D2596 -
4-Ball Wear Scar. mm
40 Kg. 1800 rpm. 1 Mr D2266 on



Protection Against Corrosion

The ability of a grease to protect expensive ma-
chinery against corrosion is an important consid-
eration especially where the machinery is exposed
to high humidity. This property is measured by the
ASTM Corrosion Preventive Properties Test, ASTM
D1743. Inthis test, a cleaned and greased bearing is
stored for 48 hours at 125° F and 100 percent relative
humidity. Darina Greases passed this test, which
means there are no black stains, pitting, etching, or
rusting. NG COrTosion means lower maintenance and
longer machine service life.

—PaGe 13 o 18
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High temperature performance was measured in the
Federal Test Method 331.2, the Navy Rig Test. This
test consists of stressing the grease both thermally
and oxidatively in a bearing running at 10,000 rpm
and 300° F with a three-pound radial load The testis
run until the bearing fails or binds. Darina EP Grease
2 lasted 1,135 hours in this test, compared with a
lithium hydroxystearate soap grease at 280 hours.
This performance means that less frequent re-
plenishment of the greass will be required, which
can save both grease and maintenance costs. Italso

means fewer bearings 1o be cleaned or replaced

Table 1/Typical Properties of Shell Darine® Greases

ASTM Danna Danna Danna Danna EP Danna EP Danna EP
Method Grease 0 Grease 1 Graase 2 Groass 0 Grease 1 Grease 2
NGL! Grade Number 0 1 2 0 1 2
Code Number 71500 71501 71502 71520 71521 71522
Thickener Microgel® Microgel® Microgel® Microge!® Microge!® Microgei®
Color Amber Amber Amber Amber Amber Amber
Appearence Smooth Smooth Smootn Smooth Smooth Smooth
Worked Penetration ot TT°F,
60 Strokes. amm D217 364 30 280 s 337 288
Worked Penetretion ot TT°F
100,000 Strokes amm - — - — 382 32
Dropping Point, *F 02265 S00~ ., S00+ 500~ SO0~ 500+ SO0~ .
Somd Oxidetion ot 210°F
Pressure Drop at
100 Hours. ps D942 - 9 - 1 1 1
ASTM Corrosion Teat
14 Days D174 No Rust No Rust No Rust No Rust No Rust No Rust
Wheel Bearing Yes!
ot 220°F. gm D1263 - - Nil - 5 2
Water Spray-Oft
Opsi n38°C % - - - 65 54 38
W oater W aah-Out
at 100°F. % Loss D1264 - - 2 14 Nil Nil
Timken Test, Pounds
Pass D2s09 - - - 50 S0 0
Loed Weer Index, Ko 02596 - — - - S0
Moblity, 0°F. g/min - - - 27 4 -
Uncoin Ventrmeter Test
30°F. pm - - —_ 190 %0 -
0*F. ps - - - 475 850 -
Properties of Minersi OF
Viscosity, ¢St
st 40°C D445 9 9 S 109 109 109
8t 100°C "2 "2 "2 18 1neé 116
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Warranty

East Coast
(201) 328-5200

312) :1-000
Clevelend
(218) 8424000
Houston

(713) 43%-1000

Pacific Southwest
(714) 9915200
Pacific Northwest
(208) 453-3000

100 Executive Drive

Waest Orange, New Jersey 07052
1415 West 22nd Street

Oak Brook, Hlinois 60521

7123 Peari Road

Middieburg Heights, Ohio 44130
24 Greenway Plaza, Suite 711
Houston, Texas 77048

511 N. Brookhurst Street '
Anaheim, California 82803

400 108th Avenue N.E.

Believue, Washington 98004

All products purchased from Shell are subject (0 terms
and conditions set out in the contract, order acknowiedge-
ment and/or bill of lading. Shell warrants only that its
product will meet those specifications designated as such
herein or in other publications. All other information sup-
plied by Shell is considersd accurate but is furnished upon
the express condition that the customer shaill make its own
assessment t0 determine the product's suitability for a
particular purpose No warranty s expressed or implied
regarding such other information, the data upon which the
samae |s based, or the results to be obtained from the use
thereof; that any product shall be merchantable or fit for
any particular purpose; or that the use of such other
Information or product will not infringe any patent

April 1983
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Shell Oil Company

VSI® Circulating Oil

Hydraulic and lubricating oil

for rust protection
in vapor spaces

Product line
Moisture in the enclosed air spaces over a circulat-
ing oil is very likely to cause rusting when it con-
denses on the cool walls of the case or reservoir
Further, this condensed moisture is constantly re-
plenished as the system “breathes” through vents
and other openings. Shell has developed VS| (Vapor
Space Inhibiting) Circulating Qil with polar antirust
compounds which are oil-soluble and volatile. These
corrosion inhibitors fill the vapor space above the oil
level to form a rust preventive barrier on the exposed
metal surface and combat vapor space rusting. The
oils also contain the more customary tynes of rust
inhibiting additives which function below the oil
level.

In addition to its ability to combat vapor space
rusting, VSI Circulating Oil aiso has the following
important features.

1. Good demulsibility - separates from water readily

2. Good oxidation stability - over 2000 hour lifein the
ASTM D 943 Turbine Qil Stability Test.

3 Good resistance to foaming - In the ASTM D 892
Foam Stability Test no reportable fcam volume
was obtained.

Shell's VSI Circulating Oil is available in the three
viscosities most common to hydraulic and lubricat-
ing applications. All grades are blended from high
quality, high viscosity index, turbine oil base stocks

with a unique additive combination to provide good
rust protection to internal surfaces of a circulating
system whether or not they are completely covered
by oil. It is available in 55-galion drums.

Application recommendations
VSI Circulating Qil is recommended for enclosed
lubricating oil systemns where rusting is likely to
occur. Typical applications include oil-lubricated
antifriction bearings and gears. reservoirs. system
housings. piping and similar system components
VSi oil is especially recommended for use in machine
tools that may be idle for a weekend or longer.
Machinery that is idle or in intermittent use is partic-
ularly susceptible to rusung as oil drains from inte-
rior surfaces. Shell's VSI Circulating Oil can protect
such surfaces against rusting

The properties of VSI Circulating Qil permit run-
in of new equipment and rust protecticn with the
same oil by leaving all or a portion of the oil in the
machine during shipment. oroviding that the ma-
chine can be sealed It is not recommended as a
protective for surfaces exposed to weather or where
the internal surfaces are so wel' ventilated that inhib-
itor vapors are prevented from accumulating to an
effective concentration v

It is an easy matter to drain the VSI oil from the
system and to install the operating lubricant after
shipping. In many cases VS| Ciwrculating Oil itself
may be left in as the operating lutricant.



The principle of vapor space rusting
inhibition.

VvSi Circulating Oil protects the surfaces of a lubri-
cating system from rusting by releasing into the air
space over the oil a volatile corrosion inhibitor
which is then adsorbed on to the surfaces to be
protected. The rate of release of the inhibitor and the
length of time that an effective concentration is
maintained depend on the bulk oil temperature and
the degree of ventilation of the system. The balance
between temperature and ventilation will determine
the rate at which the inhibitor becomes depleted,
and therefore the effective antirust life or the oil
change period

Recommended practices for using VSi

Clrcumlng il
1.High temperature will accelerate inhibitor release
while low temperature will retard it. An initial
ternperature of 80° to 100°F will assist in early
distribution of the VS| agents. In an operating
system recommended bulk oil temperatures are
80° 10 150°F. Temperatures over 150° F should be
kept 1o a minimum and temperatures over 200°F
should be avoided because of excessive rust
inhibitor loss

2 A tightly closed system is best. and no attempt
should be made to protect a completely open
system. Most oil circulating systems and reser-
voirs afford a relatively closed system to keep the
oil free of contamination. Any reduction in system
ventilation wiil help improve the corrosion inhibit-
ng action

3. The equipment should be clean before installing
VSI Circulating Oil. Contamination may promote
rusting

4 Freshly cleaned surfaces should be immediately
coated with VSl oil, if possible, to afford protection
until rust inhibiting vapors can form.

5 VS Circulating Oil is designed primarily for pro-
tection of ferrous metals. it is non-corrosive to
most non-ferrous metais including brass. copper,
bronze, zinc. babbitt. aluminum and magnesium
However. contact with lead and lead alloys should
be avoided uniess the alloys have been tested for
suitability under actual operating conditions

_me
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6. For maximum effectiveness, the longest distance
from the oil to the surfaces requinng protection
should be kept reasonably short. Expernience ingi-
cates that with 80°F oil the distance shoulc be no

L
more than about six feet. Where temperatures are
lower, the maximum distance should be less. and
at temperatures over B0°F it may be somewhat
greater.

7.Because of the significant effect that temperature
and ventilation have on depleting the rust inhibit-
ing additive and because of differences in make-
up rates, it is difficult to predict oil service life.
However, experience has indicated that while the
oil change interval is shorter than that for pre-
mium qQuality turbine oils, it is sufficiently long
enough to fit in with plant preventive maintenance
schedules.

Examples of field experiences

Some examples of applications that have benefitted

from the use of VSI Circulating Oils:

1.VSI oil used to run-in gear drives and to protect
finished units during shipping. Units as heavy as
40tons and as high as 25 feet have been success-
fully protected.

2.VSI oil used to protect gas and steam turbines
Units are tested with the VS! oil and drained. A
residual amount is left in the sump (about 1 inch
deep) to replenish inhibitor as needed.

3.VSI oil used to run-in or operate centrifugal air
conditioning compressors. Residuai oil protects
the unit during shipping.

4.VSi oil used to protect gears and bearings of
gearhead motors during storage prior to service.
Units can range from fractional to as high as 150
horsepower. VS| oil has been left in the unit for up
to two years. Before use in service, the unit is
flushed and filled with the operating charge VS|
oil could be used for the operating charge if used
in the appropriate viscosity.
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Typical properties for VSI Circulating Olls

Shedl grade number k3 88 100 ASTM™
Code number 65249 65251 85254 method
Gravity *API n 30 29 D 1298
Flash COC. *F 295 430 450 o®
Flash PMCC *F 360 360 D92
Pour point, *F 10 10 10 D97
Neutralization no.. TAN-C 06 06 06 D974
Viscosity cSt

at40*C 311 63 - D 445

st 100°C §2 8 106 D aas
Viscoeity index 97 . ) D27
Aust test synthetic sea water No rust No rust No rust D 665
Copper comosion, at 212°F 1A 1A 1A D 130
Demuisibility minutes 10 10 10 D 10
Foarm test. stability mi 000 0/0/0 0070 D 8s2
Turbine ol stabliity test hrs 2000+ 2000~ 2000~ D 943
Rotating bombd oxidstion lest min 200+ 200+ 200~ D2mn
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Shell Oli Company Commercial District Sales Offices
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Warranty

East Coast 100 Executive Drive

(201) 325-5200 West Orange, New Jersey 07052
a‘og 1415 West 22nd Street

(312) 887-5500 Oak Brook, lllinois 60521
Cleveland 7123 Peari Road

(216) 8424000 Middleburg Heights, Ohio 44130
Houston 2001 Kirby Drive

(713) 526-4831 Houston, Texas 77019

Southem Callfomnia 511 N Brookhurst Street

(714) 991-9200 Anaheim, California 92803
Northwest 400 108th Avenue N.E.
(208) 453-3000 Bellevue, Washington 98004
St Louls Suite 1000, S00 Northwest Plaza
(314) 291-5700 St. Ann, Missouri 63074

Oll Company Head Office Sales

One Shell Plaza

(713) 2414201 PO Box 2105

Houston, Texas 77001

All products purchased from Sheil are subject to terms
and conditions set out in the contract. order acknowledge-
ment and/or bill of lading. Shell warrants only that its
product will meet those specifications designated as such
herein Or in other publications. All other information sup-
plied by Shell is considered accurate but s furnished upon
the express condition that the customer shall make its own
assessment (0 determine the product's suitability for a
particular purpose No warranty is expressed or implied
regarding such other information, the data upon which the
same is based, or the results 1o be obtained from the use
thereof; that any product shall be merchantable or fit for
any particular purpose; or that the use of such other
information or product will not infringe any patent.

August 1982
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- RADIATION RESISTANCE
OF ‘VITON’

Vulcanizates of Viton flucroelasiomer, irrespective of type or filler,
can withstand 10%-10* rads (10°-10* J/kg] with litle or no effect on
physical propertics and 10%-10" rads [i0%-10° J/kg) with moderate
effect (SO loss of elongation at break, 50% increase in modulus): 10
rads[10%J/kg| produces a severe cifcet (final elongation at break <50%).

HANDLING PRECAUTIONS

Using recommended handling procedures, ViTow fluo-
roelasiomer polymers and products based on them, in
themsclves, present no health hazards of which the
Du Punt Company s aware. However, nain hazards
may arise Junng the compounding and prucessing of
the raw polymen into finished products. For example,
wiic vapors, which may include hydrogen flvonde,!

.may be liberated (rom pruducts based on Vrmon dur-

ing cure, pusi<cure of service al lemperatures above
200°C [I93°F| Adeyuaie ventilation should be pro-
vided in wurk areas where compbunds or parus ol
ViTow are being processed or are likely 10 he expused
to lemperatures in this range. Avoid breathing vapors
or dusts (rom such operations. If vapors or dusis are
inhaled, remove o [resh air. By following these pre-

cautions, there should be no problem in staying within
the limits set by OSHA. Before handling or processing
VITON, be sure 10 read and be guided by suggestions in
Bulletin VT-100.1, "Handling Precautions for ViTon
and Related Chemicals™.

Compounding ingredients that are used with Vitown

. to prepare fnished products may present hazards in

handling and use. Befure proceeding with any com-
pounding or processing work, coasult and follow label
directions and handling precautions (rom suppliers of
all ingredients.

!Hydrogen Suonde » regulaicd & a8 ar conuminant s Be Unied
Sium wader he Ocxurmismal Salfery and Health Aa (refer 0
C.FR Tule 29 1910 10001 Thas sev: the S-howur ime werghied aver-
o @ any Bhowr work Wil of & 40-huwr work week a1 ) ppm

lowing information should be noted:

SPECIAL NOTE=Except as otherwise provided by law outside the USA, the lol-

The information sct forth hercin is furnished free of churge and is based on technical
data thai Du Pont believes 1o be reliabic. It 8 intended for use by persons having
technical skill, at their own discretion and rsk. The handling precauuon informution
contained herein is given with the understanding that those using it will sauly
themscives that thewr particular conditions of use present no health or safety hazands.
Since conditions of product use are outside our cuntrol, we make no warrantics,
express of imphed. and assume no lability in connection with any use of this
information. Nuthing hercin is 10 be aken as 8 license W operate under or a
recommendation 1o infringe any patents.

e 1'% Pa & TV O

5
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RADIATION RESISTANCE OF 'VITON'

The radiation resntance of Viron fluoroclastomer is
summanged in the follow ing tables. Belore dincussing
the resulis, ihe tollowmg guidelines and Jdetinitions will
b waeiul:
L. Radiation can be Jelined as (the transmission of
Nigh energy waves e partivles through space o
through a matcrial medium. Energy obrorption

by the muierial may produce a variety of ¢Hects
such as crosshinking and degradanion. Excessive
energy Jl”wfplum usually results in tadure of the
substance. cither By embritlement Jue 10 over-
crusslinking or by revenion (Jegradatwon) dus 0
chain cleavage.

Tabie |

Comparative Radi. ‘on* Resistance of VITON Fluorcelastomers
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2. Gamma rahaton may be considercd typical of
the type 1w which elastomers wnyld be subjected
and o used in many laboratory radistion studies.
However, due 10 equipment availability, test re-
sults reported in this bulletin are from expusure
W Aera radiston. Bused un (hese and other tests,
evidenve indicales that eyuivalent demage is
incurred by eyuivalen: dosages of bera and
gamma radiation uoder identical environmenta!
amdiiions. :

3. Radiation dose is expresed as rads. One rad is

the dose which produces an energy absorption of
100 ergs per gram in one cubic centimeter of air
at siandard «emperature and pressure. 107 rads
= | megarud. Abw, one rad = .01 i/kg

4. In general. radiation doses are additive. A mate-

rial can be asumed 10 have a “perfect memory”

PACE 3 aF 3

with regard to radiation exposures. Thua, ten ex.
posures of 10 rads [10° J, kg| are equivalent 10
one exposare of 107 rads [ 104 k),

. Concerning clastomer sen weability, 3 gamma ry.
diation dose less than $ 2 10 rads [§ v 10! JAgls
eonsidered low. Up 1w 10% rady (10" J, hglis cun.
sidered intermediate and 10" (o 10" ruds [10%-107
3/kg| is high.

Duta in Table | indicate that the type of Vitow poly-
mer has linle or no effect on radiation resistance.
Viron A-HV and Viton B are identical 1 Viiow A at
equal exposures. Table |1 demonsirates that the use of
ViTon E-60C, with a varieiy of fillers. does not im prove
resistance, p

In summary, exposure of vulcanizates of Vitow 1o
more than 10°- 107 rads [10*-10° 1/kg) produces mod.
erate W severe effects on physical propertics.

Table Il

Test Compounds of VITON E-60C for Radiation® Experiments
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