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Development of High Performance Cold Forging Oil for Stainless Steel

Toshihide Ohmori, Kazuhiko Kitamura
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Abstract

High performance cold forging oil for stainless steel
has been developed to realize the galling prevention
property superior to those of present commercial oils
and low corrosiveness against ferrous materials. The
effect of extreme pressure additives on the galling

additives. It was discovered that adding zinc phosphate
into the oil suppressed the corrosiveness of the oll
without reducing the galling prevention property. The
target of the development has been satisfactorily
accomplished by the composition of the additives

prevention has been investigated using the tapered plucdncluding stearic acid trichloride, phosphoric acid, oleyl
penetration method. As a result, sample oils containingacid phosphate and zinc phosphate. The developed oil

a Cl-type additive (stearic acid trichloride) and P-type
additives (phosphoric acid and oleyl acid phosphate)
were found to exhibit an excellent galling prevention

property due to the synergistic effect of both types of

showed excellent performance in practical cold forging
tests. The production line using the developed oil has

brought enormous benefits to the cost, productivity and
production environment.

ooooo gooooooooooobooboboooog

0000000 R& OOOOOVoL 31 No.3 (1996.9)



16

ooood

gooooobobbooooooobobbooooo
gobooooboboooboboooboboboobooo
goooobbboooooogooooboobooo
goobboooobobooobobbboooon
gbooooobobooobobooboboboobooo
goobbooooboboooobobbboooon
ooobboooobboooobbboooon
oo
goooobbooooooobobbooooo
goobboooobobooobobbboooon
ooo(Obooobboooboooooooo)yoo
oooO0ooooOooOo"ooboooobooooo
goobboooobboooobbboooon
goobboooobbooobobobboooon
goobbooooobobooobobobboooon
goobboooobobooobobbboooon
gbobooboooooboobobooooog
gooooobobooooooobobbooooo
goobbooobobboooobobboooon
goobboooobboooboboboboooon
goobbooooboboooboboboooon
goobboooobobooobobbboooon
goobbooooobbooobobbboooon
goobboooobobooobobobboooon
ooobboooobobbooobobobboooon
gobobbooobobboooobbboooon
goobbooooboboooboboboooon
goobbooobobobooobobbboooon
gbobooooooboboboboooooon
goooobobboooooooobobbooooo
goobboooobbooobobobboooon
gobobbooobobboooobbboooon
gbobobobooobooooboan

000000000000

goooooboboooooooobobbooooo
goooo°oCOooooooorbooboboooo
ooooooooooOoooor"moooooon
gobobbooobobbooobobobboooon
goobboooobobooobobbboooon

0000000 R&D OOOOOVoL 31 No.3 (1996.9)

o0oo0o0ooopooUoooOooUoooUooooo
O0oo00oo0oooUooooooooooooo
000000000 00ooo0oooooooooon
oooOooOoocOoooooooooogogore
ooooooooo

201 DOooOoooooooo
00000000000 000OFg. 10000
googdooosus4scgpoooooooon
00oo0oooooDoooooooogosvizadn
ooo(booooo)oooooooooooo
oooooooooUooooooooooooo
o0oo0oOooopooUooooooooooooo
O0ooo0ooopooUoooOooUoooUooooo
000000o0o0oo0ooooooooooooon
goobooboboooboboobobooboo
oooooooooo (boooooooooo
00 )ooooOoooooOoooooooooo
O0oo0o0ooopooUooooooooooooo
000o00o0o0ooo0ooooooooooooo
00000000o0ooo0oooooooooon
Oo0ooboOobDOdoOdv1esh OO Rmaxs] 10um
oooooooooooooooooooooo
OO0OHRC590 00 Rac0.0umMO OO O
O0D0000o0oo0ooOooooouooooo

N
§\ Load cell
T

Punch

Tapered plug
Workpiece

Container

1 /

LU\Vz

Counter punch

Fig. 1 Tapered plug penetration test.
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Table 1 Reduction in cross-sectional area of workpiece

(R) in tapered plug penetration test.

_ Dt %-Di?
30%.Di?
Dt : Diameter of tapered plug

x 100

Di : Inside diameter of workpiece

R, % | Dt, mm | Di, mm

1 18.1 18.0

4 18.1 175
6 18.1 17.0
9 18.1 16.5

(a) (b)

Fig. 2 Appearances of tapered plugs after tapered

plug penetration test.
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Table 2 Additives used and their galling prevention
property.

No. Compounds maxR, %

Cl-1 Stearic acid pentachloride 6

N

Stearic acid trichroride
Cl type
Chlorinated ester

w

Chlorinated paraffin

Trinonyl polysulfide
Didodecy! polysulfide
S type Dialkyl polysulfide
Sulfurized oleic acid

Sulfurized ester

Trioctyl phosphate
Dioctyl phosphate
Butyl acid phosphate

P type
P Octyl acid phosphate

g R W N P oA W N P s
I e e S e N e e L

Oleyl acid phosphate

Phosphoric acid and
oleyl acid phosphate

o
~

P-10 P-5: blended to mineral oil at 5 wt%P

P-6: blended to mineral oil at 2.2 wt% of phosphoric acid
and 4 wt% of oleyl acid phosphate with heat treatment at
1200 for 1 hour
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Fig. 5
plug penetration test. ( R: 4%, Analyzed
location: 25mm from top end of workpiece )

XPS spectra of workpieces surface after taper:
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Fig. 6 Influence of P-type oil on galling prevention

property and reactivity.
( Mixed system with CI-2 and P-6, CI-2: 50
wit% )
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g. 7 Influence of Cl-type additive on galling
prevention property and reactivity. ( Mixed
system with CI-2 and P-6, P-6: 50 wt% )
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Table 3 Galling prevention property and corrosiveness.

P type il (P-6), wt%
0 10 25 30 40 100
0 O O O O O 5200 0O
10 O O O | 13800 O O
Cl type additive| 45 O O 35000 39000 O 0
(CI-2), wt% 50 O 0 3400 O 0 0 0
55 O 2100 0O O | 5500 0O O
100/ 0.20 x O O O O O O
Commercial Cl type oil 050 x O
Commercial P type oil 1500 0

[ |:maxR9% ( tapered plug penetration test )

Value : corroded depthym )
o :without rustx : with rust

Table 4 Galling prevention property and corrosiveness.

P-Zn type oil (P-6 with zinc phosphate), wt%
0 10 25 30 40 100
0 O O O 0 O 1000 O

10 O O O 0 O 0

Cl type additive 45 O O 1500 0O 1600 O O 0

(Cl-2), wt% 50 O O 1000 O 0 O i

55 O O O ui 1700 O 0

100/0.20 x O O O 0 O 0
Commercial Cl type oil 050 x O
Commercial P type oil 1500 0

[ ]:maxR9% ( tapered plug penetration test )

Value : corroded depthi(m )
o :without rustx : with rust
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