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Abstract: A face seal comprising a metal ring and acrylonitrile butadiene rubber (NBR) was installed in the driving part
and suspension unit. The seal serves as a bearing and simultaneously prevents entry of foreign matter from external envi-
ronment as well as internal oil leakage. Subsequently, the rubber-rod ring generates axial pressure owing to rubber elasticity
(hardness), performs static sealing function between housing details and outer diameter of seal, and transmits rotational
torque to the rotating support ring. In order to improve the durability of NBR, which performs the above tasks, and to effec-
tively use it in tracked-vehicle applications at extreme temperatures, this study reports a mixing design approach to enhance

cold and oil resistances of NBR.
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Figure 1. Cross-section of face seal.
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Results and Discussion
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Table 1. Preparation of NBR Compound. (unit : phr)

Material T-1 T2

KNB 25LM 100 0

NBR 2255 0 100
St/A 1
ZnO 5
RD 2
3C 2
sunflux 682 1
SRF 40
GPF 30
DOA 14
Sulfur 0.5
NS 1.5
DM 1.0
TT 1.0

Table 2. Test Result of KNB25LM and NBR2255 Compounds.

Property T-1 T2
Hardness(shore A) 65 66
Tensile strength(Mpa) 15.7 14.1
Elongation(%) 445 340
Compression set(%) +31 +27
Ozone-resistance(50pphm, 40°C, 3day) No Crack No Crack
Low temperature resistance(TR-10) —41.9 -51.5
. Hardness change(%) +10 +10
l?f;)orgl;tggrc)e Tensile strength change(%) +11.5 +27
Elongation change(%) -38.2 -29.4
0il resistance Hardness change(%) =7.0 =7.0
(IRM 903, Tensile strength change(%)  -3.8 0
120°C, 70hr) Volume change(%) +15.0 +20.4
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—o—Rate of vol change(IRM 903)

Figure 2. Result of IRM903 resistant property according to ZnO
content (phr).
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Table 4. Test Result of NBR 2255 Compound.

Table 3. Preparation of NBR Compound. (unit : phr)
Material T-3 T-4 T-5 T-6 T-7 T-8 T-9
NBR 2255 100
St/A 1
ZnO 4 4 4 4 5 5 5
RD 2
3C 2
sunflux 682 1
SRF 40
GPF 30
DOA 12 12 14 14 12 12 14
Sulfur 0.5 0.6 0.5 0.6 0.5 0.6 0.5
NS 1.5
DM 1.0
TT 1.0
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Property T-3 T-4 T-5 T-6 T-7 T-8 T-9

Hardness(shore A) 68 68 66 67 67 68 66

Tensile strength(Mpa) 13.3 14.0 14.1 13.5 14.5 14.5 15.5
Elongation(%) 335 310 340 315 350 330 390

Compression set(%) 26 27 27 28 28 29 29

Ozone-resistance(50 pphm, 40°C, 3day) No Crack No Crack  No Crack  No Crack  No Crack  No Crack  No Crack

Low temperature resistance(TR-10) -50.9 —49.9 =51.5 -51.6 -50.6 -50.5 -51.3

) Hardness change(%) +9 +10 +10 +8 +10 +10 +10
Igf;gnﬁflitgﬁf)e Tensile strength change(%)  +27.1 +143 270 +23.0 +24.1 +7.6 +17.4
Elongation change(%) —40.3 —40.3 -294 -333 -32.9 -42.4 -38.5

0il resistance Hardness change(%) -9 -8 -7 -8 -8 -8 -8
(ASTM IRM 903, Tensile strength change(%) +6 -16.4 0 -5.9 —4.8 —4.1 -9.0
120°C, 70hr) Volume change(%) 1212 +20.5 +20.4 +17.5 +20.4 +19.3 +19.0
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Table 5. Preparation of Mixed Compound. (ACN 23.2%)

Table 6. Preparation of Mixed Compound. (ACN 23.8%)

Material T-10 T-11 T-12 T-13 T-14 T-15 Material T-16 T-17 T-18 T-19 T-20 T-21
NBR 2255 80 NBR 2255 70
KNB 25LM 20 KNB 25LM 30
St/A 1 St/A 1
ZnO 5 ZnO 5
RD 2 RD 2
3C 2 3C 2
sunflux 682 1 sunflux 682 1
SRF 40 SRF 40
GPF 30 GPF 30
DOA 10 12 14 16 18 20 DOA 10 12 14 16 18 20
Sulfur 0.6 Sulfur 0.6
NS 1.5 NS 1.5
DM 1.1 DM 1.1
TT 1.0 TT 1.0
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Table 7. Test Result of Mixed Compound with NBR2255 and KNB25LM.
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Property T-10 T-11 T-12 T-13 T-14 T-15

Hardness(shore A) 67 65 65 64 63 62

Tensile strength(Mpa) 12.8 13.4 13.2 12.6 12.8 12.6

Elongation(%o) 275 360 335 335 335 335

Compression set(%) +27 +27 +28 +29 +28 +29
Ozone-resistance(50pphm, 40°C, 3day) No Crack No Crack No Crack No Crack No Crack No Crack

Low temperature resistance(TR-10) —47.7 —48.3 -49.6 -50.9 -52.7 -53.0

) Hardness change(%) +10 +12 +10 +11 +10 +10

Igf;g?fg;‘f)e Tensile strength change(%)  —6.3 75 +13.9 +17.5 +3.9 +2.4

Elongation change(%) —40 =50 -38.8 -38.8 —45.1 —44.8

Oil resistance Hardness change(%) +4.0 +4.0 +4.0 +5.0 +5.0 +5.0

(ASTM IRM 901, Tensile strength change(%) +3.9 +3.7 +12.1 +14.3 2.3 +22.2

120°C, 70hr) Volume change(%) 3.4 -4.3 =52 -52 -7.0 -8.5

Oil resistance Hardness change(%) —6.0 =5.0 -6.0 6.0 =5.0 =5.0

(ASTM IRM 903, Tensile strength change(%) -12.5 -9.0 —6.8 -10.3 +1.6 +6.3

120°C, 70hr) Volume change(%) +20 +18.3 +19.0 +16.7 +15.4 +13.8
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Figure 5. Result of IRM903 oil resistant property according to
Figure 3. Result of low temperature property according to DOA DOA content (phr).
content (phr).
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Figure 4. Result of IRM901 oil resistant property according to
DOA content (phr).

Conclusions
& gt e 2= 2 el 9ot Figure 4¢) IRM901 B Lo AL Metal face sealQ] 28 0 2 AFE-E]= NBR
off tiet W+ 2l (a)oll vrebd vhel o] DOAS| & 9 Lﬂv}/q]%/\g = A7 A% FAF el Bt A
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Table 8. Test Result of Mixed Compound With NBR2255 and KNB25LM. (ACN 23.8%)
Property T-16 T-17 T-18 T-19 T-20 T-21
Hardness(shore A) 69 67 66 65 64 63
Tensile strength(Mpa) 11.5 13.1 12.1 139 10.9 13.6
Elongation(%) 270 300 305 350 290 380
Compression set(%) +27 +28 +28 +29 +28 +29
Ozone-resistance(50pphm, 40°C, 3day) No Crack No Crack No Crack No Crack No Crack No Crack
Low temperature resistance(TR-10) —47.9 —44.6 —48.9 -50.5 -51.9 -52.6
) Hardness change(%) +8 +9 +9 +10 +10 +11
Igf;grgsﬁtgﬁf)e Tensile strength change(%)  +15.7 +18.3 +33.1 +14.4 +46.8 +33.8
Elongation change(%) —40.7 -333 -31.1 -35.7 —24.1 -36.8
Oil resistance Hardness change(%) +2 +3 +4 +5 +4 +5
(ASTM IRM 901, Tensile strength change(%) +23.5 +13.0 +28.1 +0.4 +21.1 +17.6
120°C, 70hr) Volume change(%) -29 4.7 -5.6 95 -15 -7.9
0il resistance Hardness change(%) -8 =7 =7 -6 -6 =5
(ASTM IRM 903, Tensile strength change(%) +5.2 -9.2 +1.7 -5.0 -5.7 -8.6

120°C, 70hr) Volume change(%) +18.2 +18.0 +16.7 +15.5 +13.4 +14.2
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