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S
everal novel organic hybrid systems based on carboxylated nitrile rubber

(XNBR) were prepared. The damping properties of organic hybrids consisting of

XNBR, 2,2'-methylenebis(6-t-butyl-4-methylphenol) (AO-2246), and penta-

erythrityl-tetrakis-[β(3,5-di-t-butyl-4-hydroxyphenyl)-propionate] (AO-1010) were inves-

tigated by dynamic mechanical analysis (DMA). Binary XNBR/AO-2246 system was

compatible and showed only one damping peak associated with XNBR, whereas 

binary XNBR/AO-1010 system was partially compatible and a new damping peak

appeared besides that of XNBR. FTIR measurements and SEM observation were car-

ried out to clarify the molecular mechanism of the different additive effects of AO-2246

and AO-1010. DMA results of ternary XNBR/AO-2246/AO-1010 systems showed that

the addition of a small amount of AO-1010 into XNBR/AO-2246 further enhanced the

damping peak height and peak temperature remarkably, demonstrating that combined

AO-2246 and AO-1010 had a synergistic effect on improving the damping property of

XNBR. Furthermore, studies on the damping stability of such organic hybrids during

ageing and annealing process revealed that the addition of small amount of AO-1010

into XNBR/AO-2246 obstructed the crystallization behaviour of AO-2246 and finally

improved the damping stability. Thus, a series of XNBR-based high-performance

damping materials with high damping peak and controllable peak position as well as

better damping stability were obtained.

INTRODUCTION

Polymers are seldom used com-

mercially in a pure state, because it

is often necessary for some of their

properties to be modified by adding

various additives, such as fillers,

vulcanizing agents, and plasticizers

etc. [1-9]. Mixtures of a polymer

with such additives were previous-

ly investigated extensively in very

low concentration range, where the

polymer was the major component.

However, much less studies have

been devoted to the moderate 

concentration range, where the

content of the additives is close to

or greater than that of the polymer.

Recently, Wu et al. have reported

that addition of a large amount of

some functional small molecular

organic compounds such as vulcan-

ization accelerator, hindered

amine, and hindered phenol com-

pounds into polar polymers would

give rise to some unknown useful

functions, such as super damping,

shape-memorization, self-adhe-

siveness and self-restoration, espe-

cially the super damping properties
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[10-18]. These new types of organic hybrid damping

materials designed are based on the sophisticated use

of hydrogen bonds and have attracted much research

attention [19-21]. 

For such organic hybrid damping systems, the

selection of matrix polymers and low molecular

organic substances is of vital importance.

Compatibility between the two components plays an

important role in determining the damping properties

of the system. Polar polymers such as chlorinated

polyethylene (CPE), chlorinated polypropylene

(CPP), and acrylate rubber (ACM) have been report-

ed as common matrix polymers while chlorinated

butyl rubber (CIIR) [22] and epoxidized natural rub-

ber (ENR) [23] as well as nitrile butadiene rubber

(NBR) [24] have recently been reported as matrix

polymers in organic hybrid systems for the first time.

Carboxylated nitrile rubber (XNBR) is a modified

NBR with carboxylic groups along the hydrocarbon-

ate chain [25]. Compared with NBR, XNBR is more

polar, and it shows good compatibility with polar or

non-polar resins and higher degree of interaction with

fillers [26]. It is also reported that XNBR has

improved damping properties, showing a great poten-

tial as matrix polymers [27,28]. 

However, until now no reports have been made on

the use of XNBR employed as matrix polymer in

organic hybrid systems. With this work, we intend to

partially fill this gap. Therefore, in this study, based

on the new design concept of organic hybrid damping

materials, XNBR was chosen for the first time as the

polar matrix polymer to develop a new XNBR-based

organic hybrid system with high-performance damp-

ing properties and also to extend the application field

of XNBR into organic hybrid systems. The new

XNBR-based organic hybrids are prepared by adding

a large amount of polar organic hindered phenol com-

pounds 2,2'-methylenebis(6-t-butyl-4-methylphenol)

(AO-2246) and pentaerythrityl-tetrakis-[β-(3,5-di-t-
butyl-4-hydroxyphenyl)-propionate] (AO-1010) into

XNBR matrix. Our design concept is to obtain a uni-

formly dispersed polymer/small molecular system by

adjusting the processing parameters during the blend-

ing process of a large amount of AO-2246 or 

AO-1010 with XNBR. Thus the two components

would be hybridized due to the formation of interac-

tive reversible hydrogen bonding between them. The

dissociation and rebuilding of intermolecular hydro-

gen bonding dissipate a great amount of mechanical

energy as heat formation, thus will bring high 

damping properties. The additive effects of AO-2246

or/and AO-1010 on the damping properties of XNBR

were first investigated and the molecular mechanism

of different systems were discussed and indications

were made to further studies on organic hybrid damp-

ing materials. The damping stability of these hybrid 

systems during ageing and annealing processes was

subsequently investigated to obtain some ideas on

their application potential in long-term practical 

service. 

EXPERIMENTAL

Materials 

The XNBR used as matrix in this study, with an 

acrylonitrile degree of 40 wt% and a carboxyl degree

of 3 wt%, is a powdered rubber (manufactured by

Nanjing Shengdong Chemical Co., Ltd., China). The

organic low molecular weight hindered phenols AO-

2246 and AO-1010, as shown in Scheme I, are com-

mercially available antioxidants (supplied by Nanjing

Hua Lim Co., Ltd., China).

Samples Preparation

XNBR powders were first kneaded for 5 min at ca.

60°C on a laboratory size two-roll mixing mill. Then

different weight fractions of AO-2246 or/and AO-

1010 were incorporated into the kneaded XNBR and

blended further for another 15-30 min depending on

different loadings. No other rubber additives such as

plasticizer, vulcanizing agent, cross-linking agent

were used. The mixtures were preheated at 140°C for

5 min under a low pressure of 1 MPa and then com-

pression moulded for 10 min under a high pressure of

10 MPa using a small laboratory press. Finally, the

moulded samples were removed immediately and

quenched by ice water to obtain sheets with a thick-

ness of about 1 mm.

Measurements

Dynamic Mechanical Analysis (DMA)
The dynamic mechanical measurements were carried

out using a dynamic mechanical analyzer (DMA-7,
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Perkin Elmer) in a tension mode on parallelepiped

samples of the following dimensions: 12 mm long, 

4 mm wide, and around 1 mm thickness. The temper-

ature dependence of loss tangent (tan δ) for various

samples was measured between -50°C and 100°C at a

constant frequency of 1 Hz and a heating rate of

5°C/min. 

Scanning Electron Microscopy (SEM) 
SEM observation was performed with a Jeol JSM-

5600LV apparatus to investigate the dispersion state

of AO-2246 or AO-1010 in XNBR matrix. Prior to

SEM observations, liquid nitrogen fractured surfaces

of the composites were gold sputtered. 

Fourier Transform Infrared (FTIR) Spectroscopy
Infrared measurements were conducted on a Nicolet

5700 FTIR spectrometer. The FTIR spectra were

obtained by scanning the specimens in the wavenum-

ber range from 400 cm-1 to 4000 cm-1 for 64 times

with a resolution of 2 cm-1. The FTIR spectra of as-

received AO-2246 and AO-1010 powders were

acquired by using ultra-thin disk specimens pressed

from AO-2246 or AO-1010 ground in anhydrous

potassium bromide (KBr). The FTIR spectra of

XNBR/AO-2246 and XNBR/AO-1010 composites

were acquired from sheet specimens with a thickness

of approximately 1 mm, using the attenuated total

reflection (ATR) technique.

Optical Microscopic Observation
The shapes of AO-2246 crystals formed at the sur-

faces of various samples during annealing process

were observed under a HIROX 3-D rotational digital

video microscopy (KH-1000, Questar) with a fixed

magnification of 80.

RESULTS AND DISCUSSION

Additive Effects of Hindered Phenols on Damping

Properties of XNBR

The damping properties of XNBR-based organic

hybrids are investigated by means of DMA analysis

and loss tangent (tan δ) is used as a measure of damp-

ing. Figure 1 shows the temperature dependence of

tan δ for XNBR/AO-2246 samples with various

weight ratios of AO-2246. As shown in this figure, all 
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Scheme I. Chemical structures of: (a) AO-2246 and (b) AO-1010.



Figure 1. Temperature dependence of tan δ at 1 Hz for

XNBR/AO-2246.

the XNBR/AO-2246 blends show a single tan δ peak

associated with Tg of XNBR. With increasing 

AO-2246 content, the tan δ peak height increases and

its peak position shifts to higher temperatures. The

growth and peak shift of the tan δ peak in the

XNBR/AO-2246 blends demonstrate that AO-2246 is

compatible with XNBR. Moreover, we note that

when AO-2246 content in the blends increases from

0% to 60%, the tan δ peak maximum value increases

remarkably from 1.8 up to 3.5 which then it decreas-

es. The decrease of the tan δ peak height at a higher

AO-2246 content is due to the crystallization of some

excess AO-2246 molecules. Meanwhile, the damping

peak temperature (Tg) increases significantly from 

-21°C to 23°C approaching room temperature, 

resulting in that XNBR/AO-2246 composite is a

promising damping material. 

By contrast, in the case of XNBR/AO-1010, as

shown in Figure 2, with increasing AO-1010 content,

the tan δ peak associated with Tg of XNBR first

increases slightly and then it decreases sharply and

blends with a larger AO-1010 content than 20%,

which clearly exhibits two tan δ peaks, indicating that 

AO-1010 is partially compatible with XNBR. We

note that though the first tan δ peak height decreases

sharply with increasing AO-1010 content, the tan δ
value between the two tan δ peaks increases gradual-

ly, showing a broader efficient damping temperature

region. Moreover, the tan δ peak position of the first

Figure 2. Temperature dependence of tan δ at 1 Hz for

XNBR/AO-1010.

tan δ peak shifts significantly towards room tempera-

ture while the position of the second tan δ peak is

nearly unchanged.

As it is stated above, the design concept of such

organic hybrids consisting of polar polymers and hin-

dered phenol compounds is based on the use of inter-

active hydrogen bond between the two compounds.

In order to clarify why there is such a big difference

in the additive effects of AO-2246 and AO-1010 on

the damping properties of XNBR, various types of

hydrogen bonding interactions formed in the two sys-

tems were investigated by FTIR measurement. The

infrared spectra centered near 3500 cm-1 correspon-

ding to hydroxyl group (OH) stretching region and

that corresponding to nitrile group (C≡N) stretching

region (2200-2300 cm-1) as well as carbonyl group

(C=O) stretching region (1650-1850 cm-1) for vari-

ous samples are shown in Figures 3 and 4, respective-

ly. The peak intensity is normalized by the peak

height of the C-H stretching vibration at 2954 cm-1. 

As shown in Figure 3, in the spectrum of pure AO-

1010, there exist a narrow band at 3643 cm-1 and a

broad band at 3465 cm-1, which can be assigned to

free (non-hydrogen bonded) OH groups and OH−
C=O (hydrogen bonded) interaction between AO-

1010 molecules, respectively. For the XNBR/AO-

1010 (40%) sample, the two bands decrease sharply

and a new band at 3598 cm-1 appears. As seen in

Figure 4, in XNBR/AO-1010 (40%) system, the band
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Figure 3. Infrared spectra in the OH stretching region for

various samples: (a) pure AO-1010, (b) XNBR/AO-1010

(40%), (c) pure AO-2246, and (d) XNBR/AO-2246 (40%).

at 2237 cm-1 corresponding to C≡N of XNBR

becomes very small and the band at 1725 cm-1 corre-

sponding to C=O of XNBR becomes extremely large,

which indicate that by addition of AO-1010 into

XNBR, the number of free C≡N groups decreases

sharply while the number of free C=O groups increas-

es remarkably. The increase of free C=O groups is

attributed to the dissociation of OH−C=O intermolec-

ular hydrogen bonds between AO-1010 molecules

which releases some C=O and OH groups. However,

the band at 3643 cm-1 corresponding to free OH

groups decreases sharply rather than increases. Thus it

can be deduced that the new band at 3598 cm-1 may

be assigned to OH−C≡N intermolecular hydrogen 

Figure 4. Infrared spectra in the CN as well as C=O stretch-

ing region for various samples: (a) XNBR/AO-1010 (40%),

(b) XNBR/AO-2246 (40%), and (c) neat XNBR.

bond between C≡N of XNBR and free OH as well as

released OH of AO-1010 molecules. 

It can also be seen from Figure 3 that the salient

feature of the spectrum of pure AO-2246 is the pres-

ence of two sharp absorption bands associated with

the OH group stretching vibration. The band at 3601

cm-1 is assigned to free OH groups, whereas the band

at 3389 cm-1 is assigned to the OH−OH intermolecu-

lar hydrogen bonds between AO-2246 molecules. For

XNBR/AO-2246 (40%) sample, the two bands both

decrease while a new broad band appears, indicating

that some new types of hydrogen bond may be

formed. As shown in Figure 4, compared with XNBR,

the band at 2237 cm-1 corresponding to C≡N and the 
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Figure 5. Gauss fit curves of infrared spectra in the OH

stretching region for XNBR/AO-2246 (40%).

band at 1725 cm-1 corresponding to C=O of

XNBR/AO-2246 (40%) sample both become smaller.

This indicates that by addition of AO-2246, the num-

ber of free C≡N and C=O groups of XNBR decreases,

which may be caused by the formation of intermolec-

ular hydrogen bond with OH groups of AO-2246. 

To further elucidate the various intermolecular

hydrogen bonding interactions in XNBR/AO-2246

(40%) system, a peak fit process, in which the

Gaussian equation is used, was performed on its

infrared spectra in the OH group stretching region

(3100-3800 cm-1). The gauss fit curves of the two

peaks are shown in Figure 5. As it is observed in this

figure, in addition to the two sharp bands at 3601 and

3389 cm-1, as exist in pure AO-2246, two new broad

bands appear at 3573 and 3375 cm-1, respectively.

According to what has been discussed above, the

small broad band at 3573 cm-1 can be assigned to the

OH−C=O intermolecular hydrogen bond between

C≡N of XNBR and OH of AO-2246 molecules and

the much larger broad band centered at 3375 cm-1 can

be assigned to the OH−C=O intermolecular hydrogen

bond between C=O of XNBR and OH of AO-2246

molecules.

From the above analysis, we can confirm that dif-

ferent types of intermolecular hydrogen bonds are

formed between XNBR and AO-1010 or AO-2246 of

the two  systems. By further comparing the intensity

and location of the absorption bands corresponding to

these hydrogen bonds, we find that addition of AO-

1010 brings about a new narrow band at 3598 cm-1,

while the addition of AO-2246 brings about a large

broad band centered at 3375 cm-1 besides a small

broad band centered at 3573 cm-1. This indicates that

the few intermolecular hydrogen bonding interactions

formed in XNBR/AO-1010 are weak, while those

formed in XNBR/AO-2246 system are more and

much stronger. The differences in the number and

strength of the intermolecular hydrogen bonds in the

two systems may lead to different dispersion states of

AO-2246 and AO-1010 in XNBR matrix, which will

finally result in different additive effects on damping

properties of XNBR. To confirm this, SEM observa-

tion was performed on different samples. 

The SEM photographs of XNBR/AO-2246 (40%)

and XNBR/AO-1010 (40%) samples are compared

with that of neat XNBR in Figure 6. As shown in the

figure, the fracture surface of neat XNBR is quite

smooth and some tiny particles, which can be attrib-

uted to the talc powders and calcium carbonate added

as the dusting agents during the producing process of

XNBR, are observed. However, in the XNBR/AO-

2246 system, all the AO-2246 molecules and XNBR

are hybridized due to the strong intermolecular hydro-

gen bonding interactions between them, as demon-

strated by the special flower-like morphology. Thus,

only one tan δ peak appears in the tan δ-T curve and

both the peak height and the peak temperature are

remarkably increased as a result of the hybridization

effect. Whereas, in the XNBR/AO-1010 system, most

of the AO-1010 molecules are dispersed in the XNBR

matrix in the form of crystal particles or aggregates

and the system exhibits a sea (XNBR-rich matrix)-

island (AO-1010-rich domain) morphology due to

weak interaction between AO-1010 and XNBR. As a

result, a new tan δ peak appears besides that of

XNBR. According to the above FTIR analysis,

appearance of the new small tan δ peak seems to be

due to the relatively weak OH−C≡N intermolecular

hydrogen bonding interaction between XNBR and

AO-1010 within the AO-1010-rich domain in 

which some XNBR chains are incorporated.

Meanwhile, the AO-1010-rich domain, which is

mainly composed of AO-1010 crystals, seems to act

as inorganic fillers and decreases the tan δ peak of

XNBR significantly.     
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Figure 6. SEM photographs of: (a) neat XNBR, (b)

XNBR/AO-2246 (40%), and (c) XNBR/AO-1010 (40%).

Besides, it should also be noted that a slight

increase in the tan δ peak of XNBR is observed in

compatible XNBR/AO-1010 systems in which the

AO-1010 content is lower than 20%. According to

relative studies, the initial increase of the tan δ peak

of XNBR may be due to the positive effects of the 

Figure 7. Temperature dependence of tan δ for XNBR,

XNBR/AO-2246 (6:4) and XNBR/AO-2246 (6:4)/AO-1010

(10%).

addition of AO-1010 [29]. Another interesting point

should be noted is that if a small amount of AO-1010

is incorporated into XNBR/AO-2246 hybrid, the

damping peak height is further enhanced significant-

ly and the peak position shifts to a higher temperature

(as shown in Figure 7). This implies that AO-1010

and AO-2246 may have a synergistic effect on

improving the damping property of XNBR. To 

confirm this suggestion, DMA measurements were

carried out on various XNBR/AO-2246/AO-1010 

ternary hybrids with fixed XNBR/AO-2246 weight

ratio or fixed AO-1010 content.

Figure 8 shows the temperature dependence of 

tan δ for XNBR/AO-2246 (5:5) hybrids filled with

various AO-1010 contents. As shown in this figure,

the addition of 10% content of AO-1010 into

XNBR/AO-2246 (5:5) hybrid leads to a significant

increase of the damping peak maximum value (tan

δmax) up to 4.0 and a notable enhancement of the

damping peak temperature (Tg). With further increase

in AO-1010 content, the tan δmax begins to decrease

rather than increase due to the partial compatibility of

AO-1010 with XNBR. When the AO-1010 content

exceeds 20%, the tan δmax decreases sharply to a

value of 2.8, which is lower than the unfilled

XNBR/AO-2246 (5:5) hybrid. However, this value is

still much higher than that of general damping mate-

rial whose tan δmax is often below 2.0. Moreover, the  
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Figure 8. Temperature dependence of tan δ for XNBR/AO-

2246 (5:5) hybrids filled with various AO-1010 contents.

peak position is continuously shifted to a much high-

er temperature. These results suggest that both the tan

δmax and Tg of XNBR/AO-2246 can be controlled by

changing the addition content of AO-1010. The tan

δmax and Tg of ternary XNBR/AO-2246/AO-1010

hybrids with a fixed AO-1010 content of 10% are

compared with those of binary XNBR/AO-2246 in

Figure 9. As shown in this figure, for any AO-2246

content, the addition of a small amount of 

AO-1010 into XNBR/AO-2246 leads to not only a

remarkable increase in tan δmax, but also an enhance-

ment of Tg. This further confirms that AO-1010 and

AO-2246 indeed have a synergistic effect on 

enhancing the damping property of XNBR. Moreover,

it can also be seen from Figure 9 that when

the AO-1010 content is fixed at 10%, the tan δmax

and Tg of ternary XNBR/AO-2246/AO-1010 

hybrids increase significantly with increasing 

AO-2246 content. This suggests that at a fixed

AO-1010 content, the damping properties of 

ternary XNBR/AO-2246/AO-1010 hybrids can 

be controlled by varying the XNBR/AO-2246 

weight ratio. Thus, we can conclude that a 

series of high-performance damping materials with

both high damping peak and controllable peak 

position suitable for different practical requirements

may be designed and obtained by changing the 

composition of ternary XNBR/AO-2246/AO-1010

hybrids. 

Figure 9. Comparison of the damping peak maximum value

and its peak temperature for binary XNBR/AO-2246 and ter-

nary XNBR/AO-2246/AO-1010 hybrids with a fixed AO-

1010 content of 10%.

Damping Stability of XNBR-based Organic

Hybrids

As it is well known, the crystallization of additive

molecules in a polymeric matrix during an ageing or

heating process can frequently lead to the disappear-

ance of their inherent functions as additives [29]. In

addition, many researchers have revealed that small

molecules such as 3,9-bis{1,1-dimethyl-2[β-(3-t-
butyl-4-hydroxy-5-methylphenyl)propionyloxy]

ethyl}-2,4,8,10-tetraoxaspiro[5,5]-undecane (AO-80)

are easily crystallized in the presence of a solvent or

polymer [30,31]. Thus, damping stability of the above

organic hybrid damping materials during ageing or

annealing process is of vital importance and needs to

be examined further. 

The damping peak maximum values of various

XNBR/AO-2246 hybrids tested just one day after

preparation (abbreviated as unaged samples) and

those of the same samples tested after placing at room

temperature for half a year against ageing (abbreviat-

ed as aged samples) are compared in Figure 10. It is

evident from this figure that after ageing at room tem-

perature for half a year, the tan δmax of all XNBR/AO-

2246 hybrids with different AO-2246 contents

decreased. 

As it is discussed above, the remarkable increase

of tan δmax of XNBR/AO-2246 hybrids is due to the

formation of strong intermolecular hydrogen bonding

408 Iranian Polymer Journal / Volume 18 Number 5 (2009)
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Figure 10. Comparison of damping peak maximum value of

various unaged and aged XNBR/AO-2246 hybrids.

interactions between XNBR and AO-2246. Thus, it is

reasonable to suppose that the decrease of tan δmax

may be attributed to the disappearance of such strong

interactions. As shown in Figure 11, the new large

broad centered band at 3375 cm-1 corresponding to

the OH−C=O intermolecular hydrogen bond between

XNBR and AO-2246 decreases notably while the two

characteristic sharp bands of pure AO-2246 centered

at 3610 cm-1 and 3389 cm-1 increase remarkably, con-

firming the disappearance of strong intermolecular

interactions and the release of a large amount of AO-

2246 molecules. Therefore, tan δmax of all XNBR/

AO-2246 hybrids decreased remarkably. 

Figure 12 shows the SEM photograph of the aged

XNBR/AO-2246 (40%) sample. Compared with that

of the same unaged sample as shown in Figure 6b,

some AO-2246 crystal particles are formed during

ageing due to the crystallization of AO-2246 mole-

cules released by the disappearance of strong inter-

molecular hydrogen bonding interactions between

XNBR and AO-2246. These AO-2246 crystal parti-

cles act as inorganic fillers and further decrease the

tan δmax sharply. Therefore, a much sharper decrease

of the tan δmax was observed in Figure 10 for the

XNBR/AO-2246 samples with a larger AO-2246 con-

tent than 30%.

Further studies were performed on annealed

XNBR/AO-2246 and XNBR/AO-2246/AO-1010

samples to investigate the additive effect of AO-1010 

Figure 11. Infrared spectra in the OH stretching region for

unaged and aged XNBR/AO-2246 (40%).

on the damping stability of XNBR/AO-2246 hybrid.

The variations of tan δmax for binary XNBR/AO-2246

(6:4) and ternary XNBR/AO-2246 (6:4)/AO-1010

(10%) hybrids annealed at 50ºC or 100°C for different

annealing times are compared in Figure 13. As it is

seen in this figure, tan δmax of the annealed samples

all decreases with increasing annealing time due to

the phase separation resulting from the crystallization

of AO-2246 molecules. It is noted that the tan δmax of

samples annealed at 100°C decreases much more 

gently than those annealed at 50°C. This is because at

a higher temperature of 100°C, which is close to the

melting point temperature of AO-2246 (127°C), most

of the AO-2246 molecules are dissolved in the XNBR

matrix uniformly in the form of molecules and 
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Figure 12. SEM photograph of aged XNBR/AO-2246 (40%)

sample.

difficult to crystallize. In this case, the strong inter-

molecular hydrogen bonding interactions between

XNBR and AO-2246 are kept to some extent. Thus,

the decrease of the tan δmax was slowed down.

Another interesting point is also noted that after

Figure 13. Time dependence of damping peak maximum

value of binary XNBR/AO-2246 (6:4) and ternary XNBR/AO-

2246 (6:4)/AO-1010 (10%) hybrids annealed at 50ºC or 100°C.

annealing at 100°C for more than 80 h, the damping
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Figure 14. Optical micrographs of crystals at the surfaces for various samples annealed at 50ºC for 80 h: (a) XNBR/AO-2246

(6:4), (b) XNBR/AO-2246 (5:5), (c) XNBR/AO-2246 (6:4)/AO-1010 (10%), and (d) XNBR/AO-2246 (5:5)/AO-1010 (10%).

 



peak maximum reversely increases due to the heat-

reversible effect of such organic hybrid, which will

be reported in detail in a following paper. 

Besides, it can also be observed from Figure 13

that compared with binary XNBR/AO-2246 hybrid,

the decrease of the tan δmax for ternary XNBR/AO-

2246/AO-1010 is relatively slow and the tan δmax at

equilibrium is much higher. This suggests that the

damping stability is improved by the addition of

small amount of AO-1010. Since the decrease of the

tan δmax against annealing is mainly due to the crys-

tallization of AO-2246 molecules, it is reasonable to

assume that the improvement of the damping stabili-

ty by AO-1010 may be attributed to the obstruction

of the crystallization process. Several optical micro-

graphs of crystals at the surfaces with a same magni-

fication of 80 times for various samples annealed at

50°C for 80 h are compared in Figure 14. It may be

noticed from this figure that after annealing at 50°C

for 80 h, some AO-2246 crystals appear at the sur-

faces of XNBR/AO-2246 hybrid. In the case of

XNBR/AO-2246 (6:4) sample, only a few poly-

hedron-shaped crystals can be seen at the surface,

whereas a great number of large needle-shaped crys-

tals are formed at the surface of XNBR/AO-2246

(5:5) sample due to the relatively larger local concen-

tration of AO-2246 molecules at the surface.

However, such growth form of crystals is changed by

the addition of small amount of AO-1010. As it is

seen in this figure, no crystal is formed at the surface

of XNBR/AO-2246 (6:4)/AO-1010 (10%) while only

some small polyhedron-shaped crystals rather than

large needle-shaped crystals appear at the surface of

XNBR/AO-2246 (5:5)/AO-1010 (10%). These

results confirm that the crystallization behaviour of

AO-2246 molecules in XNBR/AO-2246 hybrid is

obstructed to a certain extent by the addition of small

amount of AO-1010 molecules, which consequently

improves the damping stability. 

CONCLUSION

In this paper, efforts have been made to prepare high-

performance organic hybrid damping materials based

on XNBR, which were chosen for the first time to be

the polar matrix polymer in organic hybrid systems.

Damping properties of some novel organic hybrids

consisting of XNBR filled with large amounts of hin-

dered phenols AO-2246 and AO-1010 were investi-

gated. DMA results showed that binary system of

XNBR/AO-2246 was compatible and only one

damping peak associated with Tg of XNBR appeared.

With increasing AO-2246 content, the damping peak

maximum value increased remarkably up to 3.5 and

its peak position shifted towards higher temperature

from -21°C to 23°C due to the hybridization of

XNBR and AO-2246. FTIR analysis revealed that the

hybridization effect was attributed to the formation

of strong intermolecular hydrogen bonds between

them. By contrast, binary XNBR/AO-1010 system

was partially compatible due to weak intermolecular

interaction between XNBR and AO-1010. When AO-

1010 content was lower than 20%, single damping

peak associated with Tg of XNBR appeared and it

was slightly increased.

However, when AO-1010 content exceeded 20%,

two damping peaks were clearly observed, which can

be assigned to the XNBR-rich domain and AO-1010-

rich domain, respectively. With increasing AO-1010

content, the height of the first damping peak

decreased sharply, but the height between the two

damping peaks increased gradually, showing a broad-

er efficient damping temperature region. FTIR results

showed that both the number and strength of the

intermolecular hydrogen bonding interactions

formed in XNBR/AO-1010 system were much small-

er than those of the intermolecular hydrogen bonding

interactions formed in XNBR/AO-2246 system.

SEM observation confirmed that such big differences

in intermolecular interaction led to different disper-

sion state of AO-2246 and AO-1010 in XNBR matrix

and finally resulted in different additive effects on

damping properties of XNBR. Besides, DMA results

of various ternary XNBR/AO-2246/AO-1010 sys-

tems showed that the addition of a small amount of

AO-1010 into XNBR/AO-2246 further enhanced the

damping peak height and peak temperature remark-

ably, demonstrating that AO-2246 and AO-1010 have

a synergistic effect on improving the damping prop-

erty of XNBR. Moreover, both the damping peak

height and peak position of ternary XNBR/AO-

2246/AO-1010 hybrid can be controlled by varying

AO-1010 or AO-2246 contents.  
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On the other hand, studies on the damping stabil-

ity of XNBR/AO-2246 hybrids against ageing

showed that the damping peak height decreased

sharply after ageing due to the formation of large

amounts of AO-2246 crystals. FTIR analysis

revealed that the crystallization of AO-2246 during

ageing is attributed to the disappearance of strong

intermolecular interactions between XNBR and AO-

2246. Further studies on the damping stability of

XNBR/AO-2246 and XNBR/AO-2246/AO-1010

organic hybrids during annealing process revealed

that the addition of a small amount of AO-1010 into

XNBR/AO-2246 obstructed the crystallization

behaviour of AO-2246 to a certain extent and finally

improved the damping stability.

Therefore, it can be concluded that a new type of

XNBR-based organic hybrid high-performance

damping materials with high damping peak and con-

trollable peak position as well as better damping 

stability can be designed and obtained by changing

the composition of ternary XNBR/AO-2246/AO-

1010 hybrids. 

SYMBOLS AND ABBREVIATIONS

XNBR : carboxylated nitrile rubber

AO-2246 : 2,2'-methylenebis(6-t-butyl-4-

methylphenol)

AO-1010 : pentaerythrityl-tetrakis-[β(3,5-di-t-butyl-

4-hydroxyphenyl)-propionate]

tan δ : loss tangent 

tan δmax   : damping peak maximum value

Tg : damping peak temperature
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