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Tab.1 Properties of different rubber compounds

e A W/ (Mg« m™) IRHDf ¥ / Ji i g /MPa R/ % i i P R TARIRE/C
RIRBIE 0.95 30~98 5~28 <1000 2% —50~140
THEBIR 0.92 40~95 5~24 <700 7% —50~140
NBR 0.98 40~95 5~27 <800 R A —50~140
AT 1.23 40~95 5~27 <800 I —50~140
T AR 0.93 40~90 4~17 <900 % —50~140
AR 1.19 40~90 2~10 <500 AT —100~220
RETRRIR 1.26 65~95 20~320 <600 - —30~80
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Tab.2 Factors and levels

K AT
A B c D E
1 90+10 40 20 7 1.8
2 80+20 45 16 10 2.3
3 70+30 50 12 13 1.7
4 60+40 55 8 16 3.3
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Tab.3 Properties of compounds with different factor and level combination formulas

i H 1"}5&3@ 2&%9& 3%“3@ 4%3@ s"iﬁsﬁ 6”ii§3§ 7%3@ s”iﬁyﬁ
ES VES VES VES VES VES VES VES
e J7 415y
NBR6240 =/ 15 90 80 70 60 90 80 70 60
NBR6280H /17 10 20 30 40 10 20 30 40
IR BAN330 &/ 17y 45 55 55 45 50 40 40 50
IR BENSS0HH &/ 17y 12 20 12 20 20 12 20 12
DOAH /153 13 10 16 7 16 7 13 10
e =/ 1y 0.5 0.5 0.4 0.4 0.3 0.3 0.3 0.3
fE I CBS &/ 1 1 0 0 0 0 1
{EEFIMBTS 42/ 45 0 0 1 1 1.5 1.5 0 0
fEVEFI TMTD H &2 /153 0 0 0.3 0.3 0.5 0.5 0.5 0.5
{EFERIDTDM i/ 4y 0.8 0.8 0 0 1 1 0 0
HBIK ARURE E / i 63 73 65 68 68 64 63 67
P faR E /MPa 16.2 17.3 17.8 18.4 16.4 17.2 17.8 19.6
P %/ % 558 592 509 526 531 534 542 592
Wi/ (KN« m™") 52 48 48 51 53 50 47 50
70 C X 168 hias S Eb)E
BRR ATIAT A5 AL/ 13 +1 +2 +1 —1 +1 0 +2 0
P AR AR /% +0.69 +4.11 +4.01 +3.59 +1.22 +2.56 +3.56 +6.17
P W R AR R /% —0.04 —1.09 —0.85 —0.52 —0.49 —1.52 —1.55 +0.35
80 C X 168 hiff /K EAL)H
HBIR ATURE B AR A/ +1 0 +3 +4 +2 +1 +2 +1
P AR AR /% —17.91 —4.51 —4.58 —5.08 —7.28 —6.07 —5.03 —2.46
P AR R /% —8.28 —9.06 —9.04 —7.81 —8.62 —9.74 —9.71 —7.84
23 °C X 168 h 1" FrifEiMIZ )5
IEBUELL /% —1.21 —1.94 —0.86 —0.97 —1.73 —1.13 —1.26 —1.22
i H 9”11@3@ 10“‘@3@ 1 1%% 12“@3@ 1 3*11%% 14“@%% 1 s“ﬁgﬁ 1 6”i‘f\§ﬁ
VES VES UES ES UES UES ES UES
fid 75 4145
NBR6240 1] & /4y 90 80 70 60 90 80 70 60
NBR6280FH /1) 10 20 30 40 10 20 30 40
TR N330 /15 40 50 50 40 55 45 45 55
TR EANS50 /05 8 16 8 16 16 8 16 8
DOA i/ 10 13 7 16 7 16 10 13
Tt ¥t/ 1y 0.4 0.4 0.5 0.5 0.3 0.3 0.3 0.3
{EFEFRICBS F it/ 153 0 0 1 1 1 1 0 0
fEEFIMBTS 42 /4y 1 1 0 0 0 0 1.5 1.5
FEVEFI TMTD H & /153 0.3 0.3 0 0 0.5 0.5 0.5 0.5
{E#ERIDTDM & /> 0 0 0.8 0.8 0 0 1 1
Jie AP e
BB IR AT RE BT / 5 60 67 66 61 72 60 66 66
P ffiaE E /MPa 17.2 16.8 17.4 18.2 17.9 17.1 17.5 17.6
hrWi P 3/ % 516 506 508 516 514 528 503 529
Wi/ (kN » m™) 49 50 42 48 47 49 47 47
70 C X 168 hilzs L #Ab)E
HBIR AT B P AR A/ 15 +2 +1 0 +1 +2 —1 0 —1
PLARGER AR LR /% +1.46 +2.76 +3.54 +3.56 +2.11 +2.85 +2.94 +4.61
LW AR %/ % —1.51 —0.83 +0.09 —1.49 +0.85 —1.62 —0.72 +0.56
80 ‘C X 168 hifi /K #AL/5
HBIR AT R [ AR A/ 15 0 +1 +4 +3 +1 +2 +1 +2
ARG AR LR /% —7.13 —5.83 —5.05 —5.08 —6.51 —5.74 —5.66 —3.98
LW R AR %R/ % —9.67 —8.99 —8.12 —9.65 —17.36 —9.78 —8.92 —17.65
23 ‘C X 168 h 1R 5
IRFRAR L/ % —3.22 —2.51 —0.61 —0.94 —0.93 —0.83 —1.21 —0.42
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Tab.4 Volume change rates of compounds with different factor and level combination formulas aftre oil immersion

It H y 2 C% 5 TR IS AR A/ %
EiyIES
1 A, B, C, D, E, —1.21
2" A, B, C, D, E, —1.94
3" A, B, C, D, E, —0.86
4* A, B, C, D, E, —0.97
5" A, B, C, D, E, —1.73
6" A, B, [oN D, E, —1.13
7" A, B, C, D, E, —1.26
8" A, B, C, D, E, —1.22
9* A, B, C, D, E, —3.22
10° A, B, C, D, E, —2.51
11" A, B, C, D, E, —0.61
12* A, B, C, D, E, —0.94
137 4, B, C, D, E, —0.93
14" A, B, C, D, E, —0.83
15” As B, C, D, E, —1.21
16" A, B, C, D, E, —0.42
e 253 Bt

K, —7.090 —6.550 —5.900 —3.640 —4.240

K, —6.410 —4.220 —5.590 —17.590 —4.700

K, —3.940 —6.070 —4.420 —5.400 —17.560

K, —3.550 —4.150 —5.080 —4.360 —4.490

I, —1.773 —1.638 —1.475 —0.910 —1.060

I, —1.603 —1.055 —1.398 —1.898 —1.175

I, —0.985 —1.518 —1.105 —1.350 —1.890

I, —0.888 —1.038 —1.270 —1.090 —1.123

R 0.885 0. 600 0.370 0.988 0.830
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Tab.5 Properties of NBR compound with optimized
combination formula

T H HfE
e Jr 41455 60
NBR6240 H] 5/ {57 60
NBR6280H &/ 40
R TBAN330 M/ 1) 55
HIENS50HH /6y 12
DOA =/ 7
i 45 FH it/ 0.3
FELEFICBS A/ 173 1
FEHERI TMTD Hi 42/ 15y 0.5
Jee AP i
AR AR 3 / )3 72
P AH5E S5/ MPa 22.6
P 3/ % 586
WA E/ (KN« m ") 51
70 C X 168 hiha= S Bk /5
AR /K AT B2 AR A,/ 2 +2
PR B AR AL R/ % +5.49
LW AR A/ % +0.57

80 ‘C X 168 hifi /K Z b5
AR IR AT E AR AL/ JiE

P AR S A AR/ % +1

PR A AR IR/ % —2.11
23 'C X 168 hihiZitl)5 —7.15

PRFVEAL A/ % —0.62
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Formula Design of Internal Elastomer Compound for Flexible Joint of
Marine Transportation Pipeline

MA Meigin,LIU Baoquan, YIN Ting,SHI Chengang,SUN Jianbang
(Sino Rubber Technology Co. Ltd. ,Hengshui 053000, China)

Abstract: The formula design of internal elastomer compound for the flexible joint of the marine
transportation pipeline was studied. The rubber[nitrile butadiene rubber ( NBR ) ], reinforcing filler,
plasticizer, sulfur and accelerator of the compound were analyzed through the orthogonal test, and the
optimized formulation was determined as follows: the amount of NBR6240 and 6280 was 60 and 40 phr,
respectively, the amount of carbon black N330 was 55 phr,the amount of carbon black N550 was 12 phr,the
amount of dioctyl adipate was 7 phr,and the amount of sulfur and accelerator was 1. 8 phr (sulfur, accelerator
CBS and accelerator TMTD dosages were 0.3, 1 and 0.5 phr, respectively ) . The tensile strength of the
optimized NBR compound reached 22. 6 MPa, and the change rates (absolute value,same after) of the tensile
strength and elongation at break after seawater aging and the change rate of the volume after oil immersion
were small. The performance of the optimized compound met the performance requirements of the internal
elastomer for flexible joints.

Key words: flexible joint;elastomer; NBR ; marine transportation pipeline; orthogonal test



