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ABSTRACT

A larger guantity of RIA Blend 42a as dofimed in RIA
Report Ko, 59-3003 was needed. New, larger batckhes of addi-
tives were nbtained zhich when used in this thlend resulted
in pronounced thickening of the oil.

Gel test mothods as described in the ak~ve report were
=odified to more precisely discern thickening iend=ncies in
these oiic.

In order %o determine the cause of thu thicke:icg of
tbe 422 blend, studies were carricd out oz a se-ies of blends,
wherein systematic changes sere made i~ cozccwu:->%ions of
certain additives suspected of causing this thi.~-ning., It
was found that three oi the additives used in tn~ above blend
contribated to cil thickeaing. These were the iuciy amine
oleate, oleic acid and microcrystalline wax. £ -.ombination
consisting of lanolip and aicohol improved the gei-resistance
¢f th»~ o0il blend.

Corrosion resistance tests were carried out on these
ney blends to determine the effect of formuletion changes
upoez thic property. The Bumidity labinet-Ultravislet Light
protecticn potentisl of this type of blend was lowered
slightly by additive chauges desigred to ixprove the vis-.
cosity stability.
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RECGHMENDATIOXS

Gel tests for oils (bereafter called Accelerated Vis-
cosity Stability tests) should include viscosity decermi-
nztions in addition to visual evaluation of il flowvability.
Furthermore, such tests for oils should include cyclic
exposure at temperatures from -400F te 77CF to de 2rmine the
0317s zbility to recover itc fluidity at rooz= temperature
after hard free.ing.

Lanolin-aicohol combinations can e used to improve the
viscosity stability of highly inhibited formwisttions

The improved formulsation described in this reps. - s=hould
be given pilet storage insts.

Furthevr studies should be made to improve the *— idity
Tabine*-"Miyrz~viclct Lizht protectioz of these blends, and to
deteruine hat characteristics of the miacrocryswalline wax
additive are related to incduction 5 “hickening in thece
hlends duriag storage.
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DEVELOPMERT OF A GEL-RESISTANT PRESERVATIVE OIL

OBJECT

To determine what additives in RIA Blend 422(17 were
producing ¢il gellinz and now this could be corrected.

To develop viscosity stability tests for oil formulations
vsed fcr long-iwcim storage of machine tools.

To deterzmine the etfect of increased viscosity stobility
upcr protection test rosults,

INTRODUCTION

The Production xquipment Agency (hereirnsfter referred to
is PEQUA) desired to evaluate the ggtential usefule~--. of RIA
Rlend 47~ (RIA Bopor: ¥o. 52-3003(1) is pilot tests on machine
teul Storug2. Since the estizeted amuvunt rejuired was 25
gallons, larger, new saaples of th& auditives used fr:- %this
forzulatior were sbtained. A small amount of the RIA biend
715 nade from the uvwe baiches of additives in crder to check
the properties of the formulaticn using thesz new materials.
The wviscosity ¢f this blend was checked after 2 gel tessts
(meined as described i: RIA Repori 59-3003). it was found
that in room temperature storage the material changed from a
iiquid to a ncnflowing gel sfter four months. Similarly the
viscosity @100°F showed a 119% increase after two acceleratad
viscosity stabiiity tests.

A quartity of RIA Blend 42a materisl waich had been re-
tained from the origimal work, skowed only 2 3% increass in
viscosity after 12 »onihs of room temperature storage. Com-
rarison of these two facts indicated that onc or more ci the
~dditives ordered in large gqusntity for the PEQUA Lieading
progran, wer2 at fault.,

vIQUA'Ss proposea uce of ¢thic BIA formulatior -.o srtasaxi,
rcr internsl machine tool vreservatioa. therefore, the suesi-
bility of gelling had to be =3Zixingtcd, I* 5tih & preserva-
tive gelled during its presence in the machine tool, tke
nachine might have to be disassembled fir cleansnpy In that
case the use uf this RIA bland would have no zdvancage in
convenience of us2 s compared with hard-film preservativis.

In view of these racts, it was decided tco determiue
which acditives were producing tue o0il blend thickesing, sné
passibie methods of correcting this phenomena. Ip additice
31t zpoearsd desirabie io refine the gel test method originally
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defined ia RIA Report No. 59-30G3 so as to evaluatec more
thercughly long-term preservative oils for any latent
gelling zendencies.

The zffect of ipcreased viscosity stability oo pro-
tectionr tests also needed to bLe considered sliace aaperior
corrosion-preventioz properties were a key propercy for
these cils,

PROCELLZE AND RESULTS

A. Test ¥ethods Employed

Tbe criginal 'g=lling test' (he-eafle> -afzrrad to as
the Accelerated Viscosity Stability Test), as «>cribed in
RIA Report Ke. 55-3503, used the following time .temperature
exposure gequiice:

brs. @130°FP -
2 krs. @30°F

2 hrs. €130°F

2 brs., G40VF
38
1

[0

hrs. €i30°7F

6 hrs. @77°F
64 krs. @40°P
4 hrs. ®77°9F

=M hs )ty ~

Thereafter tke tube containing the oil sample was tiltsd
and the o0il observed to see whether it stili flowad freely.

It appeared desirable to =easure the 0il viscosity in
addition to merely observing the flowsbiiity. A viscosity
detereination @l100°F was added to the gel sequence.

As the work of evaluzting oil thickening cuntirued, it
appeared desirable to measure the oil's abii-v7 to recover
after exposure to temperstures &S low as -—x00F®

0il was cycled as follows for this tes?® theiecafrar
called tke Low Temperature Stability Testj.

1. 24 hrs. €-400P
2. 24 hrs. @775F
3. 24 nrs. €0°F

4. 24 Lrs. €77°P

The viscosity of the material G1000F was thoa deteraired.
in additicn to these tso Jests, & room tepperetis

Storaze ¢35t §a5 ccnducied. Toae viscosity of ihe olends
was determined during storage at intervais of 3-10 days.
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B. Bxamipation cf RIA 427 Blend Conzponeants

Larger quaatities of all the necessary =2daitives and
base o.1z were crdered ior preparation of the 25 gailons of
RIA Blend 4:2 (s2e Table I). ¥hen received, two ol these
additives iifered in color and appearance from the small
sanpies of the sazme additives used in the original experi-
sentzl work. These were a 1,3 Propylenediamine uio’-ate
derivative of animal fat (herearter referred to as POF) aad
the 2icrocrysiailine wex, In additionyto these two materials,
oleic acid was zlso evaluated since it was suspected of under-
going oxidation, thereby contributing to cil bZend thickering.
Thesa additives were cvaiuated by blendipg a sesies .2 formn-
lizi10ns wherein the concertrations of itc g«aditives .
questiva were varied. The thickening tendencies of Jiese
z:ends were tested to deteriaine what effect, changes °'a
rertain additive conce=atratinns had os this property.

1 Effe-+ oL DCP

The POF cantained a v~lumiouvus, white precspitats
suspended in tbke yeilow, oily liguid. None of the experi-
muental sample usez an the original compounding work re-~
mained. aerclure, no dire-t coaparison could be made, how-
ever, it ¥2s r=ralled that the original sample of POF, also
2 vellow, oily liquid, had contained no such suspension. 1In
a coaparison of POF effects, a sample of POY¥ was centrifuged
to remove the white colored contaminart. Two formulaticns,
XD-1 and ND-2 vwere prepared, codtaining 3 ard 1.5 parts of
POF respectively, as showa in Table I. Cosparison of acceler-
ated viscosity stability test results of bleads Ko. 1 and 2
in Table 11 show that the material containing 3 parts of POF
ceronstrated a viscosity increase of 357% as compared wite
30% for the blend containing 1.5 parts, both compared a2f{ter
3 test sequences. The influence of the POF is al:so shkowr in
+he viscosity iacrease dering room temperz2ture stocage
¥herein blend ¥D-1 containing 3.0 parts gave a 0.4 _sezter
rate iacrz2ase thin bilead ND-2 coatainipg 1.5 parts of ICF.

2. Bfiect of Microcrz<talline Wax

The microcrystalline wax usad in the original
wOork (hirgazter cailed ¥ax A) reported 33 zid Rs,2 ¢ No.
59-3203{1> yas a darx besown, cpaque material. Its dropping
point and viscosity values were respectively, 183.59F and
18.3 centistokes @210F.

Tae cew saxple of wax (herezfter called Wax B) was =
fseilow, trasslucernt material with drooping point 224 vis-
cozity values of 164.3VF and 13.5 centistokes @2100P, re-
spectively. This wax deronstrated thixotropic behavior
duripng its' viscosity determinatioa.
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TABLE II

YISCOSITY INCREASES AFTER VISCOSITY STABILITY TESTS

% Viscosity Increase Per Segquernce

AL Blends 1 2 3 4 ] 6 7 8 9

Tests

azcejerated
Visc. Stad.

Sequence 1 17 27 e S0 20 3¢ 21 23 )
" 2 75 31 112 11s - 36 - 42 13

" 3 357 30 - - - 38 - - 12
0% Temp.
Yisc., Stab, - - - - - 85 - - 2

% Viscosity Increase Per Day

Hoo= Teap.

Storage 1.3% 2% 1.Mgex - 2% 3* _ g oes

*Viscosity rate-of-izcresse rose betweeu successive
measurement intervals

**Viscocity rate-of-increase decreased betwesn
successive measurexent intervalc.
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Tec sets of tests were used to deteraine ihe effect of
¥ax B on c13 thickerirg. The first ccoxpared 2 foramulatioas,
¥D-3 and XD-2, containing respectively. Z azd 3 parts of Wax B.
Exanination of viscosity stability test resul¢s (see Table 1I)
zfter 2 test sequepces, show that ND-3 gave less than half
the increase displayed by XD-2, This indicated that decreas-
ing the a=cunt of ¥Wax B decreas=sd the thickening potential of
the cil tlend. The secord comparison was .ctvsen the ¥D-4
apd XD-5 blends., ND-4 ccontsired 3 parts of Wsx B while NG-5
contaired 3 perts of ¥ax A. Rxamirnation of viscosity sta-
b1lity test results (see Tadble II) after one test ssguence,
show that the ¥ax A blend displayed less than hiif the visco-
sity increasc produced in the ¥ax B P2and. 0 is indicated
thzt ¥sx B was far more active tism Vax A (e ploducing thicken-
ing ia these cil blends. Since tae nature oi Zuae micro wax
%as related to oil thickening and its presenc~ sas essentisl
for imparting ccsived Salt Spray protection prOperties tc the
zateriazl, these two waxes were further eval:: .4 in regard to
*heiy -Ly3i5al zroperties which ave listed in Table 11X,

The test results in Tabie IIY skow that Y- A was a
harder, higher mselting material. The acidity test cno Wax B
indicated tais material to contain additives or contaminates
=nich produce & proncunced change in the gH level of dis-
tiliea wi.ter. The appearance was also very differeat. The
viscosity stability tests indicate that Wax A was more de-
sirable in maintaining tke viscosity stability of the blend.
In addition, the darker color may also be desirable in re-
ducing light access to a metal surface coated with the oil
blend, thus decreasing any corrosicn-stimulating sffects of
light.

3. Bffect cf QOleic Acid

It was suspected that oleic acid decau:ze of its
apsaturated character, was being oxidized sloxiy *n the oil
blend thereby teading to thicker the formuls® ... The fact
that thogse 0il blends which thickened frequently formed a
iirm film at the oii-il: interface wh €iT T3 svaaable
fcr the oxidation, tended tc confirm this pessibiilty.

Blend KN-¢4 was compared vith Siend ¥D-6 wherein che
oleie acid content w23 reduced b- Lil?, ¢~ 6.5 part. The
Accelerated Viscosity Stabkility test reenlzs {see Tatle 11)
show that the XD-4 viscosity increased by a factor aprroxi-
zately three times that of.the ND-6, both coansidered afiler
two test sequences., In z3dition, the progress’ve increass
in viscosity from test to test was muck lower in MWG-£. 7Thus,
in two censecutive tests, the viscesity of ¥D-6 1n--aaqad by
iactors of SUY and 38% wheress fgr ¥D-4, the viscosity in-
creazed by factor: o2 50% and 119%. These test resvults
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TABLE ill

DPESCRIPTION CF CONPOXENTS

1. *Practical Grade' Chenmicals

a, PO? f. Bariux dinanyl Xaphtualene
b, Oleic 2-id Sulfonate - (50% dispersion
c. Propyl uleate of neutral salt *n coasial
d. t-Butyl alcobol ext, xizeral oiij
e. n-Decyl aicohol £. Phenyl Salicylsie

2. 'USP' Grade Chemicxl
&. Lanciin

3. Tha.actorastics of sicrocrystalline Woxes, 4 and B

Test & ¥ethod Yaz Resalt

a. Dropping Ft. OF, A 183.5
ASTY Xo. D127-49 B 164.1

b. ¥iscosity @210°F, cs A 8.6
ASTHN Xo. D445-53T B 3.5

(thixotropic)

c. Penetration, mm. A 1.8
ASTHM Xo. D132:-55T B 1.9

d. Acidity, pH charge in diz- A -0.2
tilled water shen boiled 3 +1.2
with 33% wax for 1/2 hr.

e. Appearance & daix Lrosri, opagm
Visusl description B Yell.- :, .ranslucent

4. “sas.acteristics of Base Ci1- 4 and B

Tost & Xethod ¢il Result

a. Viscosity €109°F ’ i9.2
ASTM No. D445-33T [ 1050.

b, Volatsility. % A 2
ASTHE Xo. D972-56 Cc 6.1

c. Failure Time. hrs. a 1
SAN-T-T82 Dumidity Cabipet C 4
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indicated that oleic acid in ccncentrations above 0.5 part
could siganificantly increase the rate-of-increase of visco-
si1ty frem test to test.

C. Developz=ent cf Gel-Resistast Blends

1t was apparent that the following factors were related
to the degree of gelling in these o0il biend.:

1. Nature and guantity of the wax.
2. Quantity of PGF.
3. Quantity of oleis acid,

It s=c desirable to maintain =iizu wax concsntration at
2 3% level since this additive was essential fc: ths Salt
Spray Protection piroperties of these oil blends  The pre-
sence of the POF was rct so essential protection-wise 890
this material was eliminated froms the Xlend. . was also
“epaf€uc that 1he oleic acid conteat should be reduced to
0.5% cr iower.

Ip order tc further stabilize the oil blen¢ viscosity,
the us: of certain additives was investigated.

Lapoiin was investigated since It was inown that this
zaterial dissolved ip o0il at concentrations of 5-10%, did
not produce thixotropic behavior in its oil sciution. It
vas assumed that if lanosiin were present in combination
with the micro-wax that when the wax crystallized at low
temperatures, lanolin would tend to include itself in the
rrystal etruncture, so that pfter the toxperatures w25 raised
the contaminated wax crystizls wounid tend to break down and
redissolve in the oil.

Aicohcls of from 4-16 carboz atox chain lengihs were
also evaluated on the assumption that they wcuzic incresse
the solveat power withic the oil to a degree °~ _.. would
prevent aggiutinization of the additives thsrein.

Blend XD-7 illzstrates the effect of izciuciug two
pezis uvi iapuiin in ibis type oi foxzuistion. ®Ni~7 can pe
205t closely cozpared,; formulaiion-wise, to X-2, It is
seen frop Table 11 that one viscosiiy; ctabivlity test gro-
duaces a grester thickening than in ND-Z conraining oo
lanclin.

Blend No. ND-8 illustirstes the effect of iaclusion of
a mixture cf alcohols, t-butyl snd n-decyl alcchol. Com-
parison with ND-2 in Table 11 shows greater thickeniir for
thkie bLlend than for the blerd containing no alcohol after
two viscosity stalility tests. This occurred even though

8 61-995




npo POF was present. A cozbisation of lanolin zlus alcskeols
was used in Blend XD-9. In this formuiation, the concertration
oi anine was reduced to 1.5% since protection tests on XD-8
and simiiar blends had indicated that the amine-alcohel con-
bination at nighe: conceatrations tended to cause the pulk

il film to be washed frosm a metal surface under high hueidity
conditioprs. In addition, ro POF is present and the sleic acid
content has been reduced to 0.3%. Tabie II indicates that
this blerd showed stpericr viscosity stability, givine a
viscosity increese of 10 and 12 percent respectively zfter 2
acd 3 tests. Ity room temperature stability was good showing
2 total) daily average increase of 0.2%. As izdicsted. the
rate of room tesperature increase, docreased wita time ox
sterage tending to aprioach a constant value. The ma-.orial
alsc showed good stability under exposurs i{o very icw :sumpera-
tuies, demonstrating no recidre formatiot and cnly sl1.int
visccsity iucrepses 2fter freezing wken reliquified a® a
tesperature of 779F., The chaage in formulatiocn acted to in-
crcaseothe pour point of this material from +3iG0F (S.. #428)
0 +30V: .

D. Prolection Tests

Both rhe PCUY and 20% salt spray tests were applied to
Blend RD-9 a5 these tests are specified in RIA Report ¥No.
59-3003{1J, Tnis blend passed the 48 hour sslt spray re-
quirement and the HCUV test requirement of 15 cycles. With
regard to the HCUV test panels, light staipipg was produced
6n the panel surface., This was removable with chlorofora.

In an effort to improve the HCUV protectica, pkenyl
salicyiate, an UV lighi absorber and corrosion inhibitor
was substituted for part of the barium petroleum sulfonate
in the blend. Previous vnreported work had indicated 2
ratio of 2 to 1 for phenyl salicyliate to barium petrcicum
sulfonate to be desirable so blead KD-2 was changed <o ic~
clude 3 gms of the former azd 1.5 gms of toe iztier. Tb'*s
blend, designated as FDO-10, passed the HCUV test v .. very
1iv:" owerall stainizg which was remcvable with chlorofcra.

The saccelerated viscosily stabiiicy and salt spray pro-
tection tests were n2t completed on this biend.

Tee formulztion sequence for theses types ~i <:1 blends
is as follows:

i. Xix the meszsured amcunts of sicro wax, lanolin,

di-2-¢tihyihexyl amine, o-dosri alcohel and oil. BHeat 0
290°F with agitation until the wax is digsclved.

9 $1-9389




2. Cool to 15G°F, and add tae rexaftnder of the ingre-
dienis, heatisg with stirring a2t 150°F for five minutes.
Alios to ccol to below 190CF, and then rcheat to 1500F
w3th Stirring. Allow to cool to rcom tesmperalure with
s*irring.

DISCYSSION

It was fourd that certair micro wexes, POF and oieic
2cid. all could contribute to oil bierd thickening. Com-
bipaticns of lanolin and aicchols werc found to rsduce this
thickenirz characteristic. S95 as to ascertain suck ten-
deccies in acrcelierated tests, the acceieraiec  zecosity
stabiiity 2nd 2 low texparatire ruiLovery test w-eo dereloped
z5d used in the work cavered by this report. iue oil blends
cf increased viscosity stability were found tc show slightly
less protection potepntlal in the HCUV test, but performed
satisfaciorily ir the 20% sait spray test.

These factors are more fuillv Ziscussed in the sections

A. Viscesity Stability

Tke proancunced thickening that occurred with RIA Blend
424 (RIA Report No. 59-3002) when a second datch of addi-
tives was used, indicated the sccelerated ‘gel' test as de-
scribed in the sbove report neada2d modification tco more
accurately discern thickesning potential in oils. The modi-
fications and additions in the method are indluded in detail
in the Appendix to this report, paragraphs 1.5 aad 2.2.

It can be noted therefrox, when comparison is sade
with the original method, that two major chaznges kave been
mxde.

1. The viscosity @100°F is datermined -* _ir each test
sequence aad provisior is made for determicning evhether an
o1l with tkickening tendencies is likely i cogisnue
thickeningz until a gel state 15 rexched.

2. A low itemperature recovery test is ussd ¢o reazce
the possibility that crystallisaiicu or cofjulation of
thickening agent or other adaitive would not be reversible
at azbient storage tempersicres,

These cil hiends were generally snfficiently tbhixo-

iropic so as to require exposurz at 1009F for one hou-
bafnre constant viscosity wvxluax conld he ohtaines
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B. Evalvation cf 0il Blend Thickenigg

Tre second batch of additives that produced tihe prou-
nounced geliing in RIA Blend 42A (RIA Report No. 59-3303)
wvas evaluated in relatiom to the form:lation with tie
foliowing conclusions as indicated by the experimental work.

1. Cormparative studies on waxes A and B indic.te that a
hard wax witk an ASTM dropping point of 180°F or higher is
desirable for seiimmx viscosity stabiiity. However, further
studies are needed to coufirm this hkypothesis, It would
appear desirable to obtain a syathetic wax of kpown comsti-
tution in order to elizinate ‘he variations thati ~2z ~ccur in
nicrocrystalline wax both in its patere 203 _rocesSeauas
(bieachirg, fiitering, 2tz.).

Microcrystaliine wax imparts good salt spray protection
properties to blead NO-9 for which its required cor- -- :ration
ie 3%Z. The draired pronerties for such 2 wax are presently
definiu a» Iollows:

a. ASTM Dropping Foint (°F) -~ 160 to 190.

. Viscosity at 210°F (centistckes) - 14 to 20 with
na thizotropic bebavior,

c. Additives or bleacking residues - none shall be
presenc.

¢. Appearance and quality - the wax shall be fii-
teared but not bleached and be opaque or dark
colored.

2. The POF was z compiex oleate resulting from the pro-
cessing of animal fats. Besides the probability of wvari-
=tions in nature of the 'pure' product, it was arpore.n: that
storage coald aflect its compesition. It was not us-?! _, thke
improved blead, NR-9.

3. It was found that sractical grade oleic acid ip uscess
oi 0.5% covld pnraoduce thickazins 23 L5z prcsence 01 Wax B.
The recoxmended concentration in the improved blend was re-
duced to 10% of the wax content or G.3%.

4. Io order to impart viscosity stsbility to the blerd
after both lo7 saad high tempe:ature exposure, it was indi-
cated that a lanolin-alcchol combipztion could be used as
follow=:
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a. USP Grade Lsrolin - at least 1/2 of the wax copn-
centration.

b. Practical Grade Alicohcis - egual (¢ or greater
than the wax conceatrationo.

In the modified blend, isnolin i3 used a? 1.5% and a
mixture oI tert-butyl and n-decyl zicochol . used at 1 and
2% respectively.

5. It was observed that the alcohols interacted with
the di-2-ethyi kexylamine to produce a wsshing awcy of tbhe
bulk 0il filk acder high humidity corditionc. Tharefore,
the amine concvexztration should be »2lr of 0. ic~s than the
wax concestration. In the modified blend it w:= reduced to
1.5% for the practica: grade amine.

5. Tse vropyl oleate and barium petrole:.— ;ulfonate

corcentration or 4.5% (9% of 50% suspsasion). Ia crdsr to
improve BCUV test results. pue..;1 salicylate =~; be partially
substituted for ttc barium petroleus sulfonate. Biends of
the latter type using 3% phenyl saiicylate and 1.5% barium
petrcieum sulfonzte have shown improved results in the HCUV
test, put other basic test data were not obtained (salt spray
protection, viscosity stability, etc.).
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APPENDIX

PPOPCSED QUALITY CONTRO!- TESTS AXD RFQUIREMENTS
FGR AN INTERNAL PRESERVATIVE FOR MACIINE TOOLS

In order to facilitate the developmeat ~ud recognition
cf tie proposed new long~term interna! preservative oil fox
machine tools, a list of test metkods and their raquirements
are iisted below.

The teste and regquirements are cagsea ¢~ wuxisting oil
specificatious and the propertics ci the best ~lepds that
nave been preparad at this Laboratory.

This list can serve as a basis for & pronosed Grade 2
0il1 to be part of Specification MIL-L-3150 .- thko cveat the
vail is> acceptea as useful in Ordrneance preservation. The
list can be used by PEQUA to abtxin the type of 0il it de-
€ires for long-term inti.z=al preservation oi aachire tools.

The oil that meets the requirements of the following
test list will be a somewhat heavier version of tho present
MIL-L-3150 0i1 with approximately two to three times the pro-
tection potential of that ¢il (as indicated by zccelerated
corrosicn tests). It will be resistanrt to temperature and
bumidity cycling effects and moisture condensation.

In the event that it is developed and added to the pre-
sent MII-L-315C specification as a "Grades 2" oil therein,
it will be the first Ordnance o1l spccification te include
a cyclic, accelerated corrosion test.

Section 1 - Test Types and Regquiromsnc<

i, Requirements

1.1 Material - Tihe lubricating oil, Loang-Term Prerarvzirva,
Deavy, coverca by thess tests shali be an 0il or oil-1likeo
material, free from injuricuz ingredients sffecting zarvice-
ability. with sufficient inhibiitor uadr: t . meet the re-
quirements of the following tests.

1.2 Viscosity - Tke Kinematic Viscosity at 100°F shall be
150 cs. minimum and 20 cs. msximum.

1.3 Pour Point ~ Tha pour point shall bo 43C7F 7 iaimus.

1.4 Volatile K.tter - The percentage of vclatile matter
szall be 5% aaximum.
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1.5 Stability -

1.5.1 Bulk 0il - The 0il shall show ne visible sepacation
or resilue fcrmaticn after the test specified in 2.2.1. The
0il viscesity chz2nge shall not be greater than 325%.

1.5.2 0il Filn - The cil fila shnzll show no visible sepa-
raticn or breakage and shall appear homogenous -~<“ter the test
specified in 2.2.2.

1.5.3 Accelesated Viscosity Stability - The oil viscosity
determ:aed at 10GOF¥ shall not change =ore har 5% aft=x one
test sequence. Greater percentage increases ip visrosity are
pernissible only, if daring not more than 4 ccas<..:t*ve test
sequences, the viscosity value shows = decreasing s z2-o0f-
increase from sequaace i< ssguence. In all cases, t:2 cil
snall also flow readily after each test sequence whea tests
are carried cut as specified in 2.2.3.

1.5.2 wow jemperature Viscosity Stabiliitr - The coil visco-
sity determined at “shall pot ch2age more than +5% after
one test sequence. Greater percentage increases in viscosily
are permissible only, if duripg not more tharn four consecutive
test sequences, the viscosity valiue shoi. a decreasing rate-
of izcrease fros sequence to sequence. In all cases, the oii
shall aiso flow readily after each test sequence when tests
are carried out is specified in 2.2.4.

1.6 Corrosion ~ The copper strip shall show no evidence of
green or black gdiscoloration or exkibit any evidence of
etching or pitting after the test specified in 2.1 at Z212°F.

1.7 Corrosicn Protection - The oil shall afford protection
to steel panels when tested for 2 ainimum of 15 cycles in
the huxzidity cabinet-ultraviolet light test specifiead ia 2.3.
Two of three panels tested shall show no more the= = trace of
corresion and any steining presert must be removabls -"h
chloroform.

Z.3 Reacval - Tte 0oil used to coat the test panels ..3ll be
removable 1o 3 cycles at the conclusiop of the $o3% in 1.7
accourdipg to the test specified in 2.4.

1.9 Salt Spray Resistance - The oil shzll - iord protection
to stecl panels «nen tested for £ minimum of 48 hours iop the
20% Salt Spray (Fog) Cabinet as specified in 2.5. 7Two of
three panels tested shall show no more than a trace of
corrosioen,
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Section II - Test Methods

2. Test Methcds

2.1 Physical and Chenical Tests - The foilowvipg tests shall
|2

be wade according io the xethod specifled belor.
Tests ASTH Method No.
Viscosity” D445-53T
Pour Peint D97-57
Volaiile Matter Dpe72-75
Corrosion D136-56

*Note: The oil is allowed to stand in ¢~ viscosity
Tube at 1069F for one hour. Con<ecutive determi-
ticns are then made until three such deterainations
yield values withain 0.2 centistokes oz one another,
The average of these three values shall te con-
sidered the o0il viscosity.

2.2 Cil Stability

2.2.1 Bulk Oil Stability

2.2.:.1 Procedure - A tall form, screw~-%iop, quart jar shall

be three-fourths fMled with the oil and the iid tightly
affixed. Tke jar of oil shall then be stored at for

ope year without a2gitation. It shall then be observed under
2 dright light for layer formation. Thereafter it shall be
inverted 4 times at 3 second intervals and the 1:9 removed
and the oil pourcd 2rom the jar. The jar is . Tcarved for
signs of an insoluble residue. Tbhe visccsity A1~ 7P is ther
determined on ihe sample if it is homogeusus.

2.2.2 0il Pila Stabilicy

2.2.2.1 Prccedure ~ A 2" x 3™ x 1/8" polisked steei ancl
prepared according to 2.4.1 shall be immersed in the oil one
einute, Thereafter it is witbdrawn ancé silcsed to drain,
without movement at 77°F for 24 hours. it is thea ubwerved
under a bright iight. if the oil on the panel suriace shows
sigus of separation ¥ the oil film is biokez or very un-
«van, the o0il shali be cousidered ss failing this test. M31d
rippling wiil be permitted.
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2.2.3 Accelerated Yiscosity Stability

2.2.3.1 Procedure ~ Place the 0il sample into a stapdard
pour point tube as specified in ASTM Kethod Ko. $97-5v.
Stopper the tube and expose to the foiiowing temperature

cvcie Seqaence:

Test Sequence

Tezp. CF Time {Bours)
i30 2
40 2
i30 2
49 2
7 16
139 8
40 62
77 4

The pcur point tube shall thez be turpnead to a horizontal
position. The oil shzll flow freely tc its nev level with-
in the tube within five ceconds. The oil is then placed in
the viscosity tube and allowed {o stand therein for ome hour
at 100°F. Consecutive viscosity determinations are then
zade until three suchk determications yield values within 0.2
centistokes c¢f one ancther, which shall be averaged tc give
the o0il viscosity.

2.2.4 low Teapsrature Viscosity Stsbility

2.2.4.1 Procedure - Place the 0il sample into i <:2undacd
pour point tube as specified in ASTE Method No. D37-57

Stopper tha trbe and expose teo the following res; _sturc
avcle seguence:

Test 8¢qpence

Temp. OF Time {Bours)
13 24
77 24
0 24
77 a4
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“he pcur roinot be shall then be turced to a horizontai
pcsition. Tne o0il shalil flow freely t0o i¢s news level within
ive seccands., The ¢il is tkhen placed in the viscosity tube
and a2lioted it stand ther2*a for ome hcur a: 100°F. Conse-

cutive viscosity determin2tions are then mades uvantil three

s.ch geterminatiops yield values within 0.2 centistokes ol

ne znother, which shall be averaged to g*ve the o0il visco-
1

-

<
s

vef

2.3 Cu-oresicon Protection

2.3.1 Prepzraticn ¢£ Test Papels - Three test panels,
2" x 4" x i/5 #1th rounded edges. wade fr--. raoid rolled
sieel ‘¥3 1220) shall be cleanezd #itn hot pasu¢ L2 and rinsed
10 hot anhydrcus sciaagol. The clearn paaeie ¢Tr iken
nolished w1th 280 gri¢ aiuminum oxide or siiiconc cariide
abrasive a2nd immediately cleaned by the fol¥=—iog method.

a. ¥ipe face of the panels with ciian surgical gauze.

b. Spray the paseis at au angle of 25° froa the verti-
¢cal! with ciean rnaphtha, using 2 paint spray gun.

. Iz=erse the parels in toiling zaphtha for 5 to i0
sinutes.

d. Rinse in hot, anhydrous methanol.

e. Desiccate the panels for a periocd of 1 tc 2 hours
t T7°F tefecre use.

2.3.2 Procedure - Three test panels, prepared 2s specified
in 2.3.1, shall be immersed ir the oil for one =inute and
thereafter svspended cn test racks and allowed *n draip 24
hours at 770F and 35% RE. Tte oii-coat .271S are alter-
nately sxposed ir a numidity cabinst (see 2.2 =* 265 17 tO
18 kours, then to ultrzviolet light {sca Z.o,.4) fer 5 hours.
thea to a= ecvirocment at T7°F and 35% RE i+r 1 %3 * kours
fer a2 total of 15 test cycles. During nop-=orX -lsys the
specimens shall remain in the muidity cshines, Reo-So:E
days sk211 20t be counied as part of the 15 test czcl es,
The work shall be scheduled so that at lesst 1 cycle is
cczpleted before the occurreace of a = 3-asrk day.

2.3.3 Pane}] Racks - These shall be coenstructed S0 as to be
transferable batseen the humidity cadinet and ultraviolet
3ight cabipot. Iz 34i.tion, shields saall Le pialeq thereca
t3 be directly ateve each test panel so as $2 rLyu®. -1 {&s
znale frz= 2-ipFege, ©ic. Duriog tae initial 24 bour
Tainage apd during the test exposure, the oili-coated pasels

[ ]
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are left nounted cop these racks so as to disturb the panels
as little a3 possihle during the traasfer fron one coadition
to the other.

2.3.4 Ultraviolet Light Ccobinet - Ap Atlas Twir arc Cabinet
or sizilar apparatus snall be operated urnder the following
cenditions.

a. An al*~-nating current of i125-145 volts at 15-18
azpere:z is za2pplied to the arc during the burning
period.

b, Xo water Spray is applied tc the test surfe-cs cf
tke coated panpels.

c. The test panels are located 12 to 15 inches "rom the
a2rc and are rotated about the arc.

4. The black panel temperature is 135 ® 207

e. The apparatus is operated five days a week, 1ive
hours a d-y.

Note: Tpe carbon assembly should not be cleaned when tne
oil-coated papels are suspended therein. Large particles of
carbon, grit, etc., may Le thrcwn onto the oil film resniting
in penetration of the film and rapid corrosion of the metal.
surface thereabcat.

2.3.5 Bunidity Cabinet - The husidity cabinet shall be main-
tained at a relative humidity of 95-100% aad at & temperature
of 10022°FP. These conditions shall be maintsined by directing
a fresh, water vapor-saturzted strea= of air against a baffle
plate in the cabinct, 2t a rate to give 1 to 1.5 chiarncses of
air per hour. Auxiliasry heat is applied thrcugh 2 Tater layer
at tke bottos of the cabinet. The panels shall ir susronded
S0 that the plane of each parel is parallel to *¥- Jarection
va “ir flow.

2.3.6 C’e2aning an2 Rating th2 Parelis - The oil fiim 1s tve-
poved from the parels by rabbing with scivent-soaked tissres
&7 cloths. The oil shall be coasidered as passicg this test,
if at the end of 15 cycles, 2 of 3 panels sun» £ more than
a trace of corrusiosn and no trace of erosioa. 4 trace o2
corrosion is defin=d as noct »ore thar 3 rust spote, norn:
larger than 1 me ip cdiameter. Xrosion is cdefired 53 visible
spots or areas where ths nollshed surface has b.en dissolved
away witnout rust forzation. Rastiny of the cuter 1/4% of tbh~
during test shall not be cause for rejection. Light stains
re=ovable with chlorofor=z shall be permitted.
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2.4 Removal - After completion of the HCUV test describec

is 2.3, tbe o011 fiirm shall be rexzcvable by pot acre than 3
siying cycles when tested according to rzragrapu 4.5.12 of
¥i1litary Specification MIil-C-14203A, Grade 1.

2.5 Szit Sgray Resistanrnce

2.5.1 Preparation of Test Panels - Thres test panels 2" x
3" x 1/16° with weil rounded edges xade from cold rTolled
sveel (r%$1920) shall bs cleaned with hot naphtha and rinsed
in hot anhydrous methanol. The panel surfaces are then
abradad by sandbiasting with sharp, dry, white sand, Iree
from organic Ratter. The sand shall mect the “cllowing re-
guirements, using test sieves confcraing to of-cification
RR.5-366.

Through No. 17 siecve, mic. ¥ 100

” ® 20 sieve, max. % 10
b T 50 sisvz, max. % 10

PolloTing sendbiastiprgz, the panelcs are freed from dust by
rapping tie edges against 2 clean object. The panels are
then rinsed with warm mstharol, allowed to fiash 4dry and
further cleaned by the following method.

2. Spray the panels at ar aagle at 250 from the
vertical with clean naphtha, using a paint sprsy
g!ln.

b. Izmzcrse the panels in beiling naphtha for 5-10
minutes.

c. BRinse in hot, znohydrcus meikanol.

d. Desiccite the paseis for 2 period - -2 hours at
7707 befcre use,

2.5.2 Preocedure Three tes=t panels, prepared &z specifi=d
iz 2.5.1 SE3II BT iz=orssd in the il for one minpute. Im-
sediately thercafter they are mouniesd on the salt Spray te=:
rack witz = square section of £ 1lor parer (saturated with
the test 211) betwzcen the oil-coeisd panel and the woodsn
rack tack. Tke pznels shall be zxllowed tc drzin 24 bours
oo the rack at 770F aand 35% R.H. Thereafter the panels {on
the rack) sre placed :a the 20% salt spray {(fceg) cabinet for
a period of 48 bouxs.
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2.5.3 Panel Racks ~ These szall be wocden racks designed to
expese oue iest surface of the scil-coated panel at ar angle
of 152 iron the vertical. They sbtall be mountcd in %he salt
spray cabinet so that the plane of the exposed surfnce is
parallel to the jrincipal direction of horizontai flosw 2f Jog
through the cabinet.

2.5.4 Salt Spray Cabinet Operation - The 20% s..it <pray
cauinet shall be operatea in accordance with Federal Test
Wothed Sioudare 721 - Jethod Nuzber 4001.1.

2.5.5 Cleaning and Rating the Panels - The pznels sktail be
riansed successively i distilled water, acetcoe, zud VRAP
naphtha. The cil shall be cossidernd s ressing (nix test i
at the end cf 48 hours, 2 of 3 panels show no more trizo 2
trace of corrosion. A trace of corrosion is defined «s not
«re than 3 rast spots, none larger than 1 sa in diameter.
Rusting of the cuter 1/4" of the panels (1/2 jinch . .2 the
top eé =) sh-~11 5ot e cause for rejectisn.
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THE FOLLOWING PAGES ARE CHANGES

TO BASIC DOCUMENT




AD A57F 57572

Erratun sheet for
Besx Island Arsenazl Leboratory Repert No. 61-929 entitled
"Development of a Gel-Resistant Preservative Cil1,"

by R. LeM2r, 10 March 1961

P2gz 2, parzgragh 3; lines 3, 5, I aua page 12, paragraph
iines 3, 3, 5, 7: Substitute "bariv= dinonyl nsphthalene

suifonate” for "barium petroleusm o+ onate.”
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gErratucs Sneet feor

Recx Island Arsenal Leborztory Report ¥o. 51-959 entitled,
by R. LeMar, i0 Narch 1961

Pzge 2. paragraph 3; lines 3, 5, & and page 12. parss -.ph 3;
iines 1, 5, 6, 7: Substitute “barium dinonyl naphthalere
sulfonate®” for "barium petrcleum sulfonate.”
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Report available fro=: fﬁi:“’-
OTS and ASTIa i
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END CHANGE PAGES




