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ABSTRACT Friction and wear behavior of nitrile butadiene rubber in crude oil with sand was investigat-
ed by the reciprocating wear tester, while the movement of sand grains of different shapes during the
wear process was also studied. Morphology and chemical composition of the worn surface of rubber
were characterized by stereo microscope and field emission scanning electron microscope. The results
show that the frictional coefficient and wear loss of the rubber in crude oil increased with the addition of
sand. The main movement model of round-shaped sand grains was rolling within the desired range of
load, and the grinding abrasive wear was generated on the rubber surface. The movement model of
sharp sand grains changed from rolling to sliding when the applied load was above 95 N, and correspond-
ingly the wear mechanism of rubber transformed into cutting abrasive wear. The above observed varia-
tion of movement model of different shaped sand grains by varying applied load and its effect on the
wear mechanism of rubber was further confirmed by the research result on the mechanical behavior relat-
ed with translational acceleration and rotational acceleration of sand grains.
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Fig.1 Morphology of round (a) and sharp (b) sand

Load

Recipracting sliding

Metal ring

Crude oil with sand

Tank

Rubber block Groove

2 IR E R A
Fig.2 Schematic diagram of experimental apparatus

R B B IR 457N, 2% T R RN 3% TR R B 9l R
HRC 56 f1Ra 0.25 um. N 7 {EfE R iz s 2w
Wi RE 5 4 8 A 2 Bz fih, R0 A8 Hh VR R K
TR R . &8 EAE 518 2 F2 oA Wi i
R ECHERS DR, X0 A5 3 T 7= A B 3 L™ L 1 %
SRR G N, I AR SCA S FE 4 R 1
A4 7]

TSR IR AE B 1 S5 A o1 P R 2 O iR
JE25°C, A EATHE 25 mm, SR 1Hz, WPRIIRE (450
B B010%, BEI ] 3 ho 45 S MEAT 2R 1) 52 bRig 47
T B 1A oCo IR BN SRR IR L, B € B A 70 il 9
10 N.20 N.30 N.55 N.95 N, 120 N fil 155 N, J£
BE R BAE GRS BB SR AR 00 45 TR 5 K iR
BT A R # v S e P R | RS AN 25 1
K AT IS B, 85 78 100°C 1B 44 T LT 20 mins

D



b

1] EBRAT A AR RO T BRSSO i S ) 2247 67

PR B 4511 J )5 =K RS B2 0.1 mg B FEFRF
M. BEHORIG LSRN 3 AR 1 I

1 I VHX-1000C %555 5. 13 2 G W0 22 B JH 2% 1
(442035, F HITACHISUS010N 3 %% 5 471 4 i 5%
I R 2 T AL SR L R & =

2 LERFTHL

2.1 BB ER T EBN R ERIA

211 B#EZH# B3AH T THGRIRFEE
BrD (BRI [T Ji e A o AR A 245 S 43 b R 4 % 4
B 7 (AR A 2R . H P 3 AT, 7 TR VA 5 R
IS RLIG , T ISR I BE 48 RECA BT K. 1ER
B PR S0 A o BB I, AR P B 4 R A
JEE M A T3 53 - 22 T B P JBE e o B R LA
T AE £ R0 il A 5 B 45 A R P o R B50H = 2
FH D RLLE A4 L 2R T 38 3 7 2R s, TR i L R 4
B AE A R R R R TR R A B R AR R B
TRB)), RICHD RN = B DAWE 308 3, A5 I 3R T 52 21 (1)
B KT a0, (AR R R AU TE & R
FOE 5 3o A J03 HR D R i SRR T 5 [ TR DR Sy A
e MW 3R CAE W, T ISR AE = PR A i
HH ) JBE 5 2R K4 I 28R A 1) A R T B A, 24 R A
WmE 60 NG EEAKETRE. HTHBRAER
Kt PE , #ams (3G DA AR i 5 4 et B ) 2 T) 42 gk
TR K 38, A5 5 4 T 2 () 1 JBE 4 v Y 5 1)
VB IR 1) 3 SN R R R AT B AR [
T, AT P 10 Do B 7 A P A B 3 o, T el A R
BRI, A BE 45 R EC BRI

212 BME TR R ARG AR
TE , 16 B 451 ok A2 v b bz ] 4% 42 B AR I, tHnT R
PRI 4 8 PR — i M HTIE 30, 3 BURIRAS R BE 5147
No BAG T THEBBGAFETE S/ (RTE . J )
i3 A 5T R B A B A B e 1 R A i 2k . 7R
FH R R AT 5 00T 5 WRL I N AL T S 4G s 7 i 3t A
JR BRI N . BT Rb R 5 R AR TR B B T, )
PG T 7= A B VD A 55 5 TSR TR b b 3R T A
ZANUIHITT, 15 BE 45 ik 2 v ek 6 e 2% 1T 2% 5 7 AR
A BE 3 FIOR DD I, AR R T A, B, T
IR AE & RIERPRL A R B E KT8
[5] JE2 R0 AL 0 S o A 3 o T I A A 5 [ JE D L A
R NED KL 1 S5 i A ot H R B 51 i LT B o A AT R
LRI K, 2R B TE B0 0 Y0 [l N BS AR L3 R R A
OO o T TE B AR T DR IR I A T, 2 R e i
95 N J& BE i 5 34t (1) AF 2 2R BT, R B BB AL
HLRAE T A

0.40

—a— Crude oil
—e— Crude oil with round sand
—A— Crude oil with sharp sand

Frictional coefficient
o
N
[}

0.10
005 1 1 1 1 1 1 1
20 40 60 80 100 120 140 160
Load /N
B3 T IREARRAE B b S5 A o Hh R4 2 K e 1) O
#

Fig.3 Variation of frictional coefficient of NBR with load
under the condition of crude oil containing sand
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Fig.5 Stereoscopic morphologies of worn surface of NBR in crude oil with sand (a) sharp sand, 20 N
(b) round sand, 20 N (c) sharp sand, 55 N (d) round sand, 55 N (e) sharp sand, 95 N (f) round
sand, 95 N (g) sharp sand, 155 N (h) round sand, 155 N
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Fig.6 SEM morphologies of worn surface of NBR in crude oil with sand (a) sharp sand, 20 N (b) round
sand, 20 N (c) sharp sand, 55 N (d) round sand, 55 N
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