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- ASSTRACT Bl

»\Two ‘greases were synthesized; VNII NP-264—and-WNII-279. The dis-
persion medium for the first grease are polymers of trifluoro-
chloroethylene which boil when the range of 140-200°C at 10 torr,
and for the second grease -- no. 3C synthetic oil. Used as
thickeners for these greases were special synthesized organosili-
ca gels - alkylsilyl derivative, and in alkyl alcoxysilyl deriva-
tive of silicjc acid gel. Treated with the thickeners, these
two greases are found to be exceedingly moisture resistant;
they can withstand boiiing in water for 100 hr without the sep-
arstion of the dispersion medium from the thickener; they also
possess high chemical and colloidal stability and do anot cause
corrosion of metal, and do not melt.; .They have found use as
antifrictior. and thickener agents in bearings of electric motors,
cumps which transfer acid, are used in blowers, and as stoppers
for containers, and used in valves and threaded couplings op-

eratir, in corrosive media in the range 6{ /R0,
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SILICA GEL PLASTIC- GREASES RESISTANT
TO C/HRROSIVE MEDIA

Ye. D. Makeyeva, T. K. Ocgtrovskaya,
0. V. Atayeva, B. S. Gurenkov, and
Z. P. Slugina

Recently an especially acute need arose for ingredients in
lubricants of mechanisms. in contact with concentrated acids and
alkalis.

The durability of piastic greases in contact with corrosive
medla can be achieved, firstly, by introducing substances 1in the
composition of the grease (dispersion media and.thickeners),
chemically inert to acids and alkalis, and secundly, by formulating
such a colloldal system of a grease that it is not destroyed due
ta the action of these reagents.

It was shown in [1-4] that the organcfluorine compounds and
lubricating materials using them as a base possess high chemical
inertness to chromic, perchloric, chlorosulfonic, fuming nitric
and other acids. Our investigations indicated that plastic greases,
inert to the action of concentrated alxalis, as well as tu the
action of certain acids (for example, sulfurlc, hydrochioric,
acetic acids), can also be produced using other synthetic oils as
a base. Silica gel, modified with surface-active substances —
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alkyhalo derivatives of silane, alecohol-te.omeres, higher alcohols

of the aliphatic series and others [6] can te used as a thizkening
component of such oils.

As a result of investigations two greases were synthesized: .

VNII NP-264 and VNII NP-279. The dispersion medium for the first

grease are the polymers of trifluorochloroethylene which boil in

the range of 140-200°C at 10 torr, and the second — No. 30 synthetic
oil (Table 1).

B L e iy Gt bl

Table 1. Characteristics cf the dispersion-
madia,
Tewnsasorpe, °C (3) v. com -
(L : ) [ m
Jlucnepcronnast cpeax Dv(zf;l’ i :?:"i:_ m—N’CIﬂNM'C 1_"5,‘:
{6}
{8) Nomvep  tpugrop- { 1,9360 (140 —200] — 44 4540 66.6 | 12,1
X0patiaena . . (10 mop)

(mmm&m..imm4 >520 | —42 j40000 | 167 26,1
KEY: (1) Dispersion medium; (2) Temperature,
°C; (3) v, eSt; (4) o, g/cm3; (5) boiling point;
{6) loss of mobility; (7) at; (8) Polymers of
trifluorochloroethylene; (9) No. 30 oil

[Top = torr] ) l

Figurs 1 shows the curves whilch characterlze the antiwear
properties of the dispersion media of both greases determined from
four-ball bearing frictional testing machine at 5G°C, 1500 r/min
and a 4@ of the ball bearing, 12.7 mm. From the figure it is
apparent that for polymers of trifluorochloroethylene with an

increase in load from 100 to 300 kgf, the diameter of the wear
spot practically remains constant (1.2 mm).

s ww b e P sty oty

.
VRO TR [\ ) LY
S

No. 30 synthetic oil i
under the given testing conditions only withstands a load up to '
79 kgf.

Pies Msonn s &

One of the essential factors which determines the service
properties of the plastic greases 1s its loss of mass which in

the absence of thermal decomposition Juring the preparation and

FTD-HT-23-871-72 2
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Fig. 1. The characteristics
of the antiwear properties of
-’ the dispersion media of

e, NN

3 greases: 1 — Nc. 30 oill; 2 —
3 2 low molecular polymers. of

§ | o—t—t—e—i—e trifluorochloroethylene.

L /’ KEY: (1) Diameter of the

% J‘dﬂ wear spot, mm; (2) Load, kgf.
b3

S s | ,

ne w F7 0

Hagpyso,xr (2)

application of the grease, is determli.cd by the losses of the mass
of the dispersion medium. This index is determined on a PIM-2
device [“] using a 1iquid laye:» 20 um thick, and an evaporation
surface of 6 cmz. It was established that the greatest losses of

the masz are characteristic for polymers of trifluorochloroathylene:
wer a 120 min period at 50°C the losses of the mass amounted to

3%, Such high lcsses of the mass (a substantial deficiency for
aii o She cla;s of organoflucrine compounds) are determined from
.. nature [4].

~ AL 2

The losses uf the mass of No. 30 oil at a tempera-
up to 10C°C are insignificantly small — less than 1% over
180 min. Hardly noticeable losses of the mass of this cil only 3

commence at a temperature above 150°C and at 170°C cver 120 min
the losses reach 28.4%.

Used as thickening components for VNII NP-264 and VNII NP-279,
plastic greases were special synthesized organosilica gels -

alkylsilyl derivative (I) and alkyl alcoxysilyl derivative of the

gel of siliecic acid (II) ir the form of white or gray granules.

From the characteristics presented in Table 2 it is apparent that

the thickeners have a large specific surface and the high moisture

resistance; the content of silicon — L0%.

The indices of the properties of greases using these thick-~
eners as a base are given below:

FTD-HT-23-871-72
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Index VNII NP-264 VNII NP-279
Ultimate .strength-at 50°C,
'ngQme; not less than........ 3 1.9
Effectdive jiscosity, poise )
at ~4o°c,-D = 100 s~L,
not more thalN....ccececese 3800 3600
at +50°C and D = 1000 s™t, . ’
not 1ess than. ® 0 &% 8 ™A s 00 "'10‘.‘0‘ 1000
Syneresis (56°C, 24 nhr)}), wt. . .
"’ not more than..."'.!....) 002 0)02 .
Losses of the mass (5G°C, ’ - )
24 hr) wt. %, not more than.. 1.5 0.0
Colloidal staviiity (20°C, ‘
P = 300 gf)’ Wt. %, not N -
more than....“...)"........ 'I‘QOK l‘.o
Table 2. Characteristics of the thickening
c.nonents.
O LI VY Y ——
3xyenmem | aa norepm.cT® cec. e CToinCTh
N3 ER 1T < - .
c H s | o
1 0.i12—0.13| 30—400|9—19| — 10 | — [99—100
n [2.25-0.35| 250—3%0 20-—-'.‘6|4.0—-5.53! -- 3¢J37—1t} 99 - 100

¥after ignition at 500°C.

KEY: (1) Thickener; (2) Bulk density g/em3;

(3) Specific surface area¥, mz/g; \4) Ele-
mentary composition; (5) Moisture resistance, %.

The greases are exceedingly molisture resistant: they can
undergo boiling in water for 100 hr without the separation of the
dispersion medium from the thickener, they possess high chemical

melt; the lowering of the oxygen pressure (at 100°C for 100 hr)
is equal to zero.
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The curves of the effsctive viscosity and the ultimate
strengtih during heating (Getermined on a PVR-1, 'OCT 9127-59
[FOCT = GOS™ = All-Union State Standard] device) indicate that with
an increase in temperature from 50 to 80°C the values of these
indices for both of the greases increased by at least 2-4 times
(Fig. 2). At temperatures below 0°C, the viscosity-tempefature

characteristics of the greases is determined by the characteristics
of the dispersion media.

* Fig. 2. Curves of the
viscosity-strength proper-
tles of greases: 1, 3 —
VNII NP-279; 2, 4 — VNII
NP-264. Sclid line -

2 tnpf(t); dashed line — nf(t).

wr :::::‘w; _ KEY: (1) Temperature, °C.
bl
YT W W W ®
(1) Temnsoomyre. %

190; 194
x‘vx«m.mnmmmw;m&m&mttr.':smmm:;mmmmzr}mmmmﬁr«mm g mmmmmmmm RE

i

0
i

For the study of the changes in the effectlive viscosity and
ultimate strength of the greases during storage, a layer of grease
(5-6 mm) was applied on the outer surface of small glass cups
which were then stored in a thermostat at 50°C *or a period of one
year. The viscosity and ultimate strength of the thermostatically
controlled greases were periodically determined. The results of
the determinations indicated that the viscosity-strength properties
of VNII NP-279 grease did not change over a period of one year
(Fig. 3) whereas the viscosity and ultimate strength of VNII NP-264
increased under these conditions by 7-8 and 5~6 times, respectively.
Evidently, the latter can be explained by the high volatility of
the dispersion medium of the grease, since during the storage

of this grease in a sealed tare the viscosity-strength properties
hardly change at all.

LSRN mm.«mmmm.mmm;xm;mm-.gmmmm

b2
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Fig. -3+ Curves'of‘the change
in effective. viscosity -(solid
1inés) and the ultimate
strength (dashed-1ines)" de-
pending on- the length.of .
storage of the greases.:

1, 2 — VNIT NP=279; 3, U =

VNII NP-264. -

KEY: (1) Length of storage,
-24 ‘hour- periods.. -

One of the important service properties of plastic greases is

its physical stability. Machining of the grease :¢an cause a sharp

change in the.-original volumetric-physical properties of the grease

whith results in the blowout of the grease from the friction Jjoint.
The physicalrsthviliﬁy of the éfééses were studied on a PVR-1

device, by determining the changes in the shear stress arising in

the greases during a successive increase and reduction in the

strain rate. A successive increaséranh &ecrease in the strain rate

results in non-coinciding flow curves (Fig. 4) [7, 8]. The
physical stability of the greases were evaluated by the ratio of

the shear stress (7, gf/cma) of the first cycle! to the shear
stress of the 20th cycle with D = 100 g™t

As seen from Fig. 4, both greases have high physical stability.
In order to achieve such a state whereby the rate of destruction
of the structural elements of the grease and their rate of restor-
ation during the transition from one flow regime %o another and

the reverse, remain practically constant, 4-6 cycles are sufficient.
During this shear stress in greases when D = 100 s~1

s 1t 1s lowered
by more than one-half.

For comparison the curves are presented
on this same graph for the flow of TsIATIM~221 grease thickened

with a component which 1s a soap — a complex of stearate and

calclum acetate. aAgreement of the flow curves of this grease

A cycle — one successive increase and reduction of the strain
rate.

2

o b

ettt e gk, Wi bopsbutaiat A S s R AP

L
Lo e it

whntat b sl atants vt e




s =
it s

) RN — . g et e 2 ]

- e A Nt - -8 R :}W@% e R 1 IS ;::; FR

e R A AT ST AR Ay e

sk

Py e

g

P s —

18 lowered by one--half.

gd
Fig. 4. The physical stability of VNII

KP-279 grease. The figures on the curves
indicate the number of cycles.

[UAATHM-221 = TsIATIM-221; BHWHHN-279 =
= VNIINP-279; BHHWHMN-264 = VNIINP-264]

Frequentliy in practice it is important to know just how the
properties of the grease change during storage under conditions
of high humidity (up to 98%). The use of greases with polymers of
trifluorochloroethylene as a base uncer these conditions 1s not

recommended sincz in the presence o water they cause the corrosion

of the metallic surface, Therefore, investigations of the hydro-

scopic properties as well as the effect of che adsorption of water
vapors and inversely, their evaporation, on the veclumetric-physical
properties were conducted only for VNII NP-279 grease. The grease
was applied to glass plates with the ald of a stencil, the plates
were then weighed and placed in a desiccator, the bottom of which

begins only after 26 cycles, and the shear stress when D = 100 s"l
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ie filled with water, and the plates held at room temperature for
300 hrs.- After ‘that the plates were remcved .and welghed again.
Part of the plates were placed in a dry desiccator for the deter-
mination of the kinetics of evaporation of the adsorbed water.

. After the adsorption of water and its evaporation the viscosity
and ultimagg gtrgngth wepe.determined.

As seen in Fig. 5 the adgorption of the water vapors by VNII
NP-279 at room temperature for 300 hrs amounted to less than 9.5%;
in this case the values of the effective viscosity (50°C, D =

= 1000 s~ ) and the dltimate strength at 50°C increased from 10.0
up to 10.7 poise and from 2.0 up to 2.5 gf/cm s respectively.

Fig. 5. ' The kineties of
adsorption and subseraent
Py ; evaporation of water vapors:
h 1 — curve of adsorntion of
water vapors; 2 — curve of

2

x

Lodepacanie Sz napody, Se0.%
\l
Y

7/ evaporatior.
p * v KEY: (1) Water vapor content,
| H_'_Pt/' ‘ %; (2) Testing time, hr.
g F 7 o
1) 4 /4 .0

"

(2 ) e ammorss, v

For VNII NP-279 grease, the reversibility of the process of
adsorption of water is characteristic; with the lowering of the
relative humidity of the surrounding medium, practically the entire
amount of adsorbed water 1is evaporated, and the values of the

effective viscosity and the ultlimate strength of the grease become
‘equal to the criginal (in the examined case, 0.7 poise and 1.9
gf/e m s respeccively). The high values of the loss of mass of the
dispersion medium of VNII NP-264 grease restricts the feasibility
of its use at temperatures higher than 100°C, and alsc for a long
reriod of time without replacement despite its high antiwear
properties,

FTD-HT~23-871-72 8




Data on the compatibility of the greases with acids, alkalils {,t‘;
and certain solvents 1s presented in Table 3 (the . testing time 1is »%
1 month). o : C o
Table 3. The compatibility cf. greases with
e . corrosive media and solvents. o = i
s - ture E
] . Mediux tesgéns. VNII ¥P-264 | VNII WP-279 o
. Hydrochloric acid (conc.) 20 Does not dissolve
’ 50 n ] " :
3 Fuming nitric acid......J| 20 Does not Dissolves i
3 dissolve K
= 50 » Does not R
dissolve H
4 Sulfuric acid {conc.)... 20 " " B
3 50 " " :
; Acetic acid..ccocccceans 20 " "

Potassium hydroxide

{density 1.8)......... 20 - " .
= Sodium hydroxide )
3 (density 1.4)..ccu.-.. 20 - .

- Liquid ammonia (P =

-‘ =300 at)eccceccracane 4o Dissolves

Bthyl alcoholec.eaca-ans 20 n

_fi : ACELONL. e venrananncann 20 n

= B-70 gasoline........... 50 " Dissolves

E 20 " "

Carbon tetrachloride.... 20 " =

= VNII NP-264 and VNII NP-279 greases have found use as anti-

. friction and thickener agents in bearings of eleciric motors,

, pumps which transfer acids, blowers, as stoppers, in valves and in
‘ threaded connections which operate in corrosive media in the range
of +50°C.

3 VNII NP-279 grease in an alkaline medium as well as in the

= atmosphere can be used over a broader range of temperacures — frem
-50 to 150°C. Owing to the low values of the loss of the mass

H E . of the dispersion medium, the grease does not require a change

b afterr a long period of time.
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