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Hygrothermal Aging Analysis of Rubber Materials
After Long-term Storage
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Abstract: After storage period of 1.5 years, then 0, 5, 10, 20 days and 60 days hygrothermal test
were carried out for nitrile rubber, fluororubber and fluorosilicone rubber, the appearance, mass
gain, Shore A hardness, tensile strength, elongation at break and set after break were investigated in
the dry and wet conditions. The results show that different samples had distinct moisture absorbing
performance. After storage and hygrothermal environment, the nitrile rubber less affected; the flu-
ororubber absorbed a amount of moisture, but did not produce significant effects of aging on the hard-
ness and the mechanical properties; the fluorosilicone rubber significant aged after the storage, and
hygrothermal environment speeded up the aging process. The nitrile rubber and fluororubber suitable
for storage in the hygrothermal environment.
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Fig. 1 The appearance of rubbers after hygrothermal aging for 60 days (a)NBR;(b)FKM;(c)FVMQ
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Fig. 2 The mass change of rubbers after
hygrothermal aging
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Table 1 The hardness change of rubbers

Type of rubber NBR FKM FVMQ
Hardness at unaged, Shore A 75 74 63
0 day 81 72 65
Hardness after 5 days 81 74 66
10 days 80 72 67
hygrothermal aging, Shore A 20 days 20 72 64
60 days 81 74 68
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Fig. 3 The hardness change of rubbers after

hygrothermal aging
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Table 2 The tensile strength change of rubbers

Type of rubber NBR FKM FVMQ
Tensile strength at unaged/MPa 16.1 21.0 9.6
0 day 19.9 17.0 8.6
5 days 20.4 17.1 8.9
Tensile strength after avs
N N | . 10 days 19.0 15.6 8.1
t ing/MPa
verothermal agme/Mua o) days 2004 16,0 7.2
60 days 22.1 17.4 7.8
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Fig. 4 The tensile strength change of rubbers

after hygrothermal aging
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Table 3 The elongation change of rubbers

Type of rubber NBR FKM  FVMQ
Elongation at unaged/ % 274 184 261
0 day 152 143 156
5 days 171 145 169

Elongation after

N N | aging/ % 10 days 142 145 160

t al @
ygrothermat agme/ 7o 20 days 201 145 132
60 days 166 165 143
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Fig.5 The elongation change of rubbers

after hygrothermal aging
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Table 4 The set after break change of rubbers

Type of rubbers NBR FKM FVMQ
Set after break at unaged/ % 4 5 10
0 day 0 2.8 1.6
Set after break after 5 days 0 2.0 0
10 days 0 2.0 0
bygrothermal aging/ %4 20 days 0.4 2.0 0.8
60 days 0 4.4 2.8
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Fig. 6 The set after break change of rubbers

after hygrothermal aging

LW R AT AE 1.5 AF I 6] 1) fif 77 i A 10 I A e
MRS 5~20 RIFAEA K60 K A Ik K .
2.7 ZXBERSH

TSR ik A7 7 iy — el 3~ 5 AR IR
O3 T EE A TR A BB UURE L A A BB 9 £ R U
Je e — 5 R SCHK T BT R AR S IR 4 R 3%
B A B AT e ) BG83 00 R e 5 82 R g 37 T (I R A
PLWR AT T B 5 80 R 5 6 3 2 /R PR A I i
A7 T AR B AE ARl B2 T 55 /K IR A AN 23 S
e LA HCAE REAE — 5 Vi Bl A 8l B0 W S ARk

FAEEAR B H1 A KA AN R SRR AS AN I B
(ELIN 2R F 25 S 3 1T AL PR B2 S 68 A A I BT RE PN R
HBLEE A AL L iy LSS Ik A5 22 L B R AT K L W e
KARFRLWT K AT 2: W] 8 R H T AR Y 4544
AT B AR H5 J5C 3 L AP 5 2 T [ 5 T 8 0 B S B
Ja - R SRS R PR S RO EL e T SRR AR B A 4
P9 35 70 A P RN e = 9 P R 1 R A i SR AT RE
2B E R MR AR ZR A T BORREIR R
i 52 S5 B R 8, 7 e i JEE R W fe 4 SR o BA
TR

IR H SR I 114 A 2 5 R e B E L AT
P RS Al B S A AN AL s T IRAR I IE T A T
5 T A A A DRy R TR ) A A S 6 IR R ) WA UK
58 JRAGIE 2 W B 2 S 14 7K 5 T A i A R A ST T
KRS 5 RGBS 1 b 3 JFORE Sz A — s At BE 19 S T DK
551 b R R SR AR 2 A SRR I 114 i e 5k 2
FIRL T A4 3 (HIFE AN

(D Zead 1.5 AR o JURR B Y B fif 1 RE I 1K
B 12 AT T S A8 5 T A AR PR 7 1 5 B 4 iy (EL M At
PERE T FEUT R SRR AE 1. 5 4R A4 191 U5 B ot o 78
AEAS I L A A 0 4 RE D ) B ] AR

(2) ¥ ARIP S0 = P AR A B A — € X T
T A T AR IE F14 S S ARV o 1 B A S i b i
P55 0PRSS I 1Y 2 1 T o S JRE R e 7 BB A AL
Wi,

&k

(1] Z=deag, Rgpde (I R0 SO A R SR AL R R 3 LT . i =
B AR 2011, (6) 4 —7.
LI X T, LIANG C H. Development trend of world aero-derivative
marine gas turbines [ ] ]. Aeronautical Science &. Technology,
2011,(6):4—7.

(2] Z=2eae BRARAEHLY R R b = W I R LT . =S & 8L, 2011, 37



K8 AT i 40 B B £ 1 0 B

jme.biam.ac.cn 91

(3]

[4]

[6]

7]

[8]

(3):1—7.

LI X T. Development of gas turbine and dilemma in Chinal[ ] ].
Aeroengine,2011,37(3):1—7.

BONAFEDE A,RUSSOM D, DRISCOLL M. Common threads for
marine gas turbine engines in US Navy applications[ R]. ASME
GT—2007—28217.

BRICKNELL D J. Marine gas turbine propulsion system applica-
tions[ R]. ASME GT—2006—90751.

R, TR 42 AT o ol FL 4. TR AR IR T 256 P2 4% ) A7 7 1 o7 I F 9
(1], B4 3088 T 7 ,2010,7(4) : 93— 96.

ZHENG T J,ZHANG H Q, MENG F J. Application research of
armored equipment seal methods for wet & hot environment[J].
Equipment Environmental Engineering, 2010,7(4):93—96.

BB SRR L A TR A AR R A A IR Y B
L] 2% T#,2009.30(9) ;58— 66.
HUANG Q. LIANG Z J. FENG B, et al. Development of anti-
aging coating for rubber parts of armored equipment[]]. Packa-
ging Engineering, 2009,30(9) :58—66.

LTI SRR L M A A R S LR Tl s B o AR LT .
i 23 44 5 T FE . 2009, (4) :53—55.

MA M Z, ZHENG Z S. Engineering design specifications of cor-
rosion prevention and control used in navy aircraft engine[ J]. A-
viation Maintenance & Engineering, 2009, (4) :53—55.
CYNTHIA L L. Effect of temperature and gap opening rate on the

resiliency of candidate solid rocket booster O-Ring materials[ R].

NASA Technical Paper,1996, (6) :3226.

[9] CYNTHIA L L. Effect of temperature and O-Ring gland finish on
sealing ability of Viton V747 —75[R]. NASA Technical Paper,
1993,(11):3391.

[10] APREM A S, JOSE S, THOMAS S,et al. Influence of hygro-
thermally degraded polyester-urethane on physical and mechani-
cal properties of chloroprene rubber[]]. European Polymer Jour-
nal,2003,39:69—76.

[11] T;jﬂ% SENS, E AR, =00 SRR R R P R R X 2 B

W SEIRLT . WR 8 5 %, 2012, (10) 5253,
WANG D W, LI P, WANG Z H. EPDM material sealing ring
hardness on the influence of the sealing performance[ J]. Hy-
draulics Pneumatics &. Seals, 2012,(10):52—53.

[12]  ##ide . Z2WL. e iV SR BE T SRR I 2% 3t B R s 9 [ . %6 4
FRHE T #2.2012, (1) ;23— 28,

CHANG X L, JIANG F. Analysis of fluorine rubber O-ring un-
der high temperature and hygrothermal environment[J]. Equip-

ment Environmental Engineering, 2012, (1):23—28.

W7 B #9:2013-02-27; 484T B B3 : 2013-05-10

EBEBN TR/RIIQI977 =) 5B, LRI 4, EEAFME KL
AR 4 I8 ARHRNE & BRI B N 5 05 L ARL B R stk 1D T AR I
BHT 428 {546 55 434 (110015) , E-mail : summoon945@126. com

F 3k Sk K Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk 3k 3k Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk Sk sk Sk Sk Sk 3k 3k 3k Sk Sk Sk ok ok ok ok ok k% X

(8% 570
[3] FANJ L, GUO XL, WU CW, et al. Influence of heat treat-

[4]

(5]

[6]

[7]

[8]

ments on mechanical behavior of FV520B steel [ J/OL]. Experi-
mental Techniques, 2013, doi:10.1111/ext. 12019.

BEREY . SRAbR, RORAR, 5. FALb BEXT FVS520B 4% 55 P A 1Y
sem [1]. MPRHIFSE 244, 2012, 26(1):61—67.

FANJ L, GUO XL, WU C W, et al. Effect of heat treatments
on fatigue properties of FV520B steel using infrared thermogra-
phy [J]. Chinese Journal of Materials Research, 2012, 26(1); 61
—67.

W EE. FV520(B) AN 858 - H0 42 5 $uak 3 T 2080 [0
iR, 1983, (B 1) :125—132.

TAN C X. Post-welding heat treatment of FV520 (B) stainless

ferh T

steel impellers [J]. Journal of Huazhong Institute of Technology.
1983, (S1).:125—132.

T . KBB4 B He v 5 57
T K%, 2008.

NOWACKI J. Weldability of 17-4PH stainless steel in centrifugal

38T (D], K. Kk

compressor impeller applications [J]. Journal of Materials Pro-
cessing Technology, 2004, 157 —158(spec iss) :578 —583.
International Institute of Welding. Fatigue Design of Welded
Joints and Components [ M]. UK: Abington Publishing, 1996.

(O] BRREMS, & -FA. Wro (ML dent: @& 8E AL, 2006,

[10] FARABI N, CHEN D L, ZHOU Y. Microstructure and me-
chanical properties of laser welded dissimilar DP600/DP980 du-
al-phase steel joints [J]. Journal of Alloys and Compounds,
2011, 509(3): 982—989.

[11] CLARK A. Fatigue mechanisms in FV520B, a turbine blade
steel [D]. Britain: Sheffield Hallam University, 1999.

[12] WHITE D J. The fatigue strength of large single-pinned and

double-pinned connections made from alloy steel FV520B []].

Proceedings of Institution of Mechanical Engineers, 1968, 183

(1): 563—578.

E&WMAB :HEARBFESE
B H (2011CB706504)

R H#E:2012-04-21;:&{T H#8:2013-03-21

EEB A SR 985 —), J, LA, BETr i MR R %
ST BLPEfE 5 A S 40 AT, E-mail: fanjunling@ mail. dlut. edu. cn
BIRAEE WA, T #¥L, W LATIE. FFFI7 I bORHE
A6 VIR Bl TG A5 L G AR ik . R B TR 2 TR 2 R T A 45
} 34 1 5 T 5 S2 86 %8 (116024) , E-mail ;

BYBH (11072045) 5 M 7973 47 %%

xlguo@dlut. edu. cn






