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Influence of Surface Treatment on Performance of Solid Film Lubricants
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Metal

A=The area which supports the applied load.
a=The friction of this area over which breakdown of the
film has occurred.

Fig. 1. Condition of contact between metal sur-
face. Mechanism involving breakdown of the lu-
bricant film at small localized region.
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Wear Life (min)
100 200 300 400min

Pretreatments

Vapor degreased,
sandblasted and
phosphated 470min

Vapor degreased g
and phosphated 20min

Fail on Loading

Load : [ 000 Ibs (453.6 kgf)
Pins and blocks were coated with resin-bonded solid lubricant
film. (Consists of molybdenum disulfide and epoxy resin binder.)

Fig. 2. Falex wear life vs pretreatmens.
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Table 1. Surface roughness of phosphate film
for lubrication.

hosphate Structure Chemical]  Surface roughness
group of film ’ e
Hopeite BT 18 ‘llﬂ J«[L\’ j‘.‘ | k»"
, ~181%h - W i
Zinc Zn3 (PO4) 2-4H,0 \JVN‘\L\'V i ! WJ,
phosphate| {-, : :_ f !
BOU | phosphoptylite PRRRrINTANY
ZnFe (POy),-4H,0[° 1 NIEOM Y il
Scholzite RERRREANE
inc  |2n2Ca(POs) 2-2HOlgT_36 70} L1 UM,
Calcium ~ |Hopeite U
phosphate Zn3 (PO4) 2 '4H20 ‘ i
ErOWP |Phosphophylite | BT-880 Motdn o™
ZnsFe (POy) 2-4H,0 J G ;
Lo-1a RS
Manganesel Hyreaulite e o L8
phosphate| (Mn.Fe) sHz (PO,) 4 AR
group - 4H,0 Lu_5 y :
Non—Phosphate MU et

(a) BT-181X (b) BI=N160
(c) BT-3670 (d) BT-880
(e) Lu-1A (f) Lu-5

Photo. 1. SEM image of phosphate film
for lubrication.
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1. Phosphate film. 2, Zinc-stearate film.
3. Sodium-stearate film.

Fig. 3. Lubricant film layer. (Profile)
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Fig. 4. Metal soap weight of phosphate film.

I 5 iR, AEMTLEE, EERSs TRORE
B LTWS.

1) EmEoRcE LB Vi T5.
2) SEREOEEEMEYIE L CRFE2E LT

A.

B, BEREEAIC X oTH R, THOY
ABERED RED, Ffl & CifEEEC K& 8y
RIELT5.

, 4. B B B M

4.1 BEMIAOHEH

Fig. 4 ) ABERE L AT ANE LT I BEK
T o> BERR AR R O BEA X e DT, Sy T v RBE
w B xFig. 5 woRd. EEERESRTWBE, B
BESK (1) 13, 0.5~0.6 FIEEEL TNy ENE
HEBIEAM ERET S, A AOEGERE R,
g B 0.07~0.09 LKL, Xy HAER TS, L

0.25p * a

S

~ 0.20

s *

- o

< 0.15} * /.

: /—0:7!“ e //2 A 3

° O 4 : o_____o/

£ 01057, °

2 U.10g

2 {Eﬁ/ * Non-Phosphate.

% 0 Mn-Phosphate. Lu-5

8 005} @ Zn-Phosphate. BT-N160
O Zn—Phosphate. BT-181X
A Zn-Ca—Phosphate. BT~3670

0 50 100 150 200 250 300 350 400

Number of run over same track

Fig. 5. Wear of sodium-stearate and zinc-

stearate deposited on phosphate film.
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Tool cost
89 %

Fig. 6. Cost of cold forging.
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Fig. 7. DTA curves of phosphate in N, atmosp-
here. Each peak shows a dehydration tempera-
ture of phosphate.

Table 2. Tool tip wear test.

Chemical Depth wear
BT-3670* 29 ¢em
BT-181X** ' 93 ym

* Zn-Ca-Phosphate. ** Zn-Phosphate.

mysec
0.6nVs;

a

(a) Side view

(b)Scratch marks  (¢)Depth vgaﬂ-

Fig. 8. Profile of tool tip wear.
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Table 3. Tool Life by Cold Forging.

Cold .
Forging Tool Life
=~ | =~
Chemical
BT-3670"| 14,000 units 80,000 units
BT-181X"| 70,000 units 50,000 units

* Zn-Ca-Phosphate. ** Zn-Phosphate.

Pretreatments Wear Life (min) ‘
5 10min
L T 7 T T
None Fail on loading

o BT-11X  —
phosphate | oo N160 _
BT-3670 —
BT-880 _

m; ote | L5 —

Load : 500 lbs (226.8)

Only pins were coated with resin bonded solid lubricant film.
(Consists of molybdenum disulfide and polyimideimide resin
binder.)

Fig. 9. Falex wear life vs pretreatments.
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Crystals of
Mn—phosphate

Wear Life (min)
300min
—

600
T

Fine
Coarse

Load : 1000 lbs (453.6)
Pins and blocks were coated with bonded solid lubricant
film. (Consists of molybdenum disulfide, graphite and
polyamide-imide resin binder.)
Fig. 10. Effect of crystal size of Mn-phosphate
on the Falex wear life.
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Fig. 11. Plot of reduction in diameter versus
number of cycles for various pretreatments.
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Surface Salt Spray Test Time (594 NaCl) hours

Pretreatment

100 200 300 400  500hr

Mn—phosphate
and chromate

Mn-phosphate

None

Fig. 12. Effect of surface pretreatments on the
salt spray resistance of a bonded solid lubricant
film.
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