
 

 

BMI Based Composites With Low Dielectric Loss 

Guozheng Liang1
 ( ), Zengping Zhang2, Jieying Yang2, Xiaolei Wang2 

1Department of Polymer Engineering, Materials Engineering Institute, Soochow University, 
Suzhou, Jiangsu 215021, P. R. China 
2Applied Chemistry Department, School of Science, Northwestern Polytechnical University, 
Xi’an, Shaanxi 710072, P. R. China 
E-mail: lgzheng@suda.edu.cn; Fax: 0086 0512 61025828 

Received: 14 February 2007 / Accepted: 21 March 2007 
Published online: 10 April 2007 – © Springer-Verlag 2007 

Summary 

O,O’-diallylbisphenol A (BA), allyl epoxy resins and epoxy acrylate resins are 
adopted to copolymerize with 4,4’-bismaleimidodiphenyl methane (BDM) resins and 
modify mechanical properties and processing charicteristics. The new modified BMI 
resin systems have more than two times improved impact strength without a great 
decrease in excellent dielectric properties or thermal and hot–wet resistance of neat 
BDM resin. Composites based on modified BMI resins and reinforced by glass fibre 
and quartz fibre possess excellent mechanical properties. The fracture surfaces of the 
composites are examined by scanning electron microscopy (SEM). It is indicted that 
modified BMI resin matrix composites put up typical toughness rupture and the 
adhesion efficiency in interface of composites is fine. When the test frequency scope 
is from 1GHz to 20GHz, the dielectric constant and dielectric loss of composites 
almost hold the line. After 100h in boil water, mechanical and dielectric properties of 
composites are higher than 85% retention of their original values.  

Introduction 

In recent years, significant advances have been made in the development and 
manufacturing of advanced composite materials. Fibre-reinforced polymeric matrix 
composites, in particular, are unparalleled in terms of specific strength, weight savings 
and corrosion resistance. These characteristics of composite materials make them 
suitable for structural applications such as aircraft, automobiles, and space and marine 
vehicles, in which a high degree of performance is required. 
As a protected part of the radar antenna of aircrafts, the radome has to exhibit 
excellent dielectric properties, heat-resistant properties, mechanical properties, 
environment-resistant properties and feasible processing characteristics. Presently, the 
composite matrix to prepare advanced radome is mainly polyimide (PI) and high-
performance epoxy resin (EP). Because of bad hot-wet properties and high dielectric 
loss, EP could not meet the need of advanced radome. Although possess outstanding 
humidity-resistant properties and low dielectric loss, it has high viscosity, high 
temperature of molding and complicated processing [1]. Over the past two decade, 
bismaleimide resin (BMI) has become established as a new and unique class of high-
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performance thermosetting resin for use as prepregs and matrices, in both the 
electronic and aerospace industries, because of their excellent elevated temperature 
and dielectric properties, low moisture absorption, and good flammability 
characteristics [2-7]. 
In this paper, allyl phenyl compounds and epoxy acrylate resins are adopted to co-cure 
with BMI resins to improve the toughness and dissolvability of BMI resin in order to 
prepare a kind of resin matrix composite which possesses low dielectric loss and 
integrated mechanical properties to be used for radome. Mechanical, dielectric 
properties and hot-wet stability of modified BMI resin matrix composites are also 
studied. 

Experimental 

Materials 

4,4’-bismaleimidodiphenyl methane (BDM) was supplied by Northwestern Chemical 
Institute and recrystallized from the chloroform/methanol mixture (volume ratio 1:1). 
Acetone was obtained from the Chemical Plant of Xi’an Reagents. Both reagents 
above were of industrial grade. O,O’-diallylbisphenol A (BA), epoxy acrylate and 
allyl epoxy resins were self-synthesized. Plain glass fabric, Ew210, silane treated  
E-glass fabric with a thickness of 2mm, (Glass Fiber Academe of Nanjing, China), 
was used without any surface treatments. 

Preparation of Modified Resin Monomer 

O,O’-diallylbisphenol A (BA), epoxyacrylat and allyl epoxy resin were placed into  
a three-necked flask equipped with a mechanical stirring device and a thermometer. 
The contents were heated with stirring, BDM was added to the stirring solution at 
120°C, then the temperature was maintained between 130 and 150°C until the solution 
was transparent. While being continuous stirred, the transparent solution was 
prepolymerized for 30-60min, stopped and poured onto film with release agent to 
obtain the modified resin.   

Preparation of Laminate Composite 

Glass fabric reinforced laminate composites (12 plies, 16 × 9 cm2) of modified BMI 
resin were prepared by acetone solution (resin: acetone=1:1) dipping of the glass 
fabrics followed by drying for 18hr at room temperature. The plies were cut and 
stacked between two metallic sheets and dried in a vacuum for 5min at 50°C to 
remove any entrapped solvent. A thin layer of release fabric was kept between the 
metal and prepreg to prevent adhesion of the resin to the metal. Prior to heating,  
a pressure of 0.7MPa was applied for initial compaction of the plies. After this 
compaction the pressure was released and the platens were heated with the prepreg 
under contact pressure. At the point of gel of the resin, a pressure of 0.7MPa was 
applied and this pressure was maintained throughout the process. The time-
temperature schedule for the cure process of the composites is as follows: 130°C/1hr 
+ 150°C/1hr +180°C/2hr + 200°C/2hr, then slowly cooled to room temperature. The 
cured glass-laminate composite was demolded, and post cured at 230°C for 10hr in 
an oven. 
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Properties Tests 

The hot–wet resistance of glass laminate composites was determined by placing 
samples into boiling distilled water for various lengths of time, removing and wiping 
off the sample with a dry fabric, and weighing the sample to the nearest 0.001g 
immediately. Then, the value of water absorption was calculated according to ASTM 
D 570-81, and the value of properties was tested. 
Tensile strength and modulus of laminate composites was obtained according to 
ASTM D 638 using ZD10/90 material experimental instrument. Flexural strength and 
inter-laminate shear strength (ILSS) of laminate composites were performed 
according to ASTM D 790 and ASTM D 2344, respectively, using FDL-1000B 
electronic pull instrument. The impact strength was obtained according to ASTM STP 
410 using XCJ-40 impact testing machine. The compress strength was obtained 
according to ASTM D 3410. The dielectric properties were measured according to 
GB1409-78 using wave-guide short circuit method, and the frequency was 10GHz. 
The composite specimens after impact, flexural and ILSS test were fractured in liquid 
nitrogen, and subsequently examined in a scanning electron microscope (SEM, JEOL 
JSM model 820). The fractured surfaces were coated with a thin layer of gold prior to 
SEM examination. The scanning accelerated voltage is 20kV. 

Results and discussion 

Properties of the Cured Modified Resin Matrix  

Both processing characteristics and ultimate properties of a resin are very important 
for developing a new system. The former gives information on whether the resin can 
be processed via conventional industrial methods, and the latter determines whether 
the resin has the potential to be used widely. These investigations prove that the 
addition of modified agent in BDM can greatly enhance the processing properties, so 
it is necessary to study the ultimate properties of modified BMI resin and the effect of 
the addition of modified agent on the properties of neat BDM resin. The properties of 
BDM resin and modified BMI systems are listed in Table 1. 

Table 1 Physical properties of modified BMI resin curing 

Properties 
Modified BMI 
resin 

Neat BDM resin 

Tensile strength, MPa 78 55 
Tensile modulus, GPa 3.6 3.8 
Tensile elongation, % 2.3 1.6 
Flexural strength, MPa 108 100 
Flexural moudulus, GPa 3.7 3.9 
Impact strength, kJ/m2 15.2 5.83 

Dry 265 283 HDT 
Wet (aged 100h in 
boiling water) 

231 234 

Tg (DSC), °C 274 293 
Td, °C 424 438 
Water absorption 2.3 2.0 
tanδ(10 GHz) 0.012 0.013 
ε(10 GHz) 3.14 3.09 
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The modified BMI resin systems have good mechanical properties. In particular, the 
impact strengths of modified BMI resin system is 2.6 times of that of neat BDM resin, 
which may be due to the existence of many soft linkages in the networks. This 
improvement may be also reflected by the increase of the tensile elongation with the 
addition of modified agent. 
The thermal stability is defined by heat deflection temperature (HDT), glass transition 
temperature (Tg), and thermogravimetric analysis (TGA). Cured neat BDM resin has 
the best thermal stability, which may be attributed to its thermally resistant 
crosslinked structure. The thermal stability of the modified BMI resin systems 
decreases slightly because the addition of modified agent reduces the crosslinking 
density of BDM resin. However, the reduced range of thermal stability of modified 
BMI resin is very limited, and the modified BMI resins still possess excellent thermal 
resistance. 
A resin with poor hot–wet resistance usually has high moisture absorption, causing a 
lowering of thermal stability and associated reliability problems. Therefore, hot–wet 
resistance is very important for developing a new resin. After aging for 100 h in 
boiling distilled water, modified BMI systems and neat BDM resin have water 
absorptions of 2.0 and 2.3%, respectively, their HDT values decrease from 265 to 
231°C and 283 to 244°C, respectively. Both of these changes are higher than 85% 
retention of their original values, indicating that modified BMI resin systems have 
good hot–wet resistance. 
From the results in Table 1, it can be seen that the dielectric properties of the modified 
BMI resin system is almost as good as that of neat BDM resin, which are generally 
considered to be good dielectric materials. 

Mechanical Properties of the glass fibric reinforced BMI composites  

The mechanical properties of modified BMI/glass fabric composites and modified 
BMI/quartz fabric composites are shown in Table 2. It presents that the modified BMI 
resin matrix composites possess excellent mechanical properties. When the fiber 
contents of two kinds of composites are similar, both of composites possess high 
fracture toughness, and the impact strengths of the composites are 173kJ/m2 and 157 
kJ/m2, respectively. The values of interlaminate shear strength (ILSS) of two kinds of 
composites are more than 40MPa, indicating that modified BMI resin matrix 
composites have good toughness and interface adhesive strength. In addition, the 
flexural strengths are both between 490Mpa and 520Mpa. Considering the properties 
of ILSS, tensile strength and impact strength, the mechanical properties of composites 
reinforced by glass fabric are better than the one of composites reinforced by quartz 
fabric. However, considering the tensile modulus and flexural strength, the composites 
reinforced by quartz fabric are better than the one of composites reinforced by glass 
fabric. 
The flexural and ILSS rupture SEM photos of modified BMI resin matrix composites 
reinforced by glass fabric are shown in Figure 1 (a) and (b), respectively. From the 
rupture surface in Figure 1, lots of resin matrix is found adhering on surface of glass 
fiber. Resin matrix and glass fiber adheres to each other tightly, and there is not 
obvious interstice and crack between resin matrix and glass fiber, and the fracture is 
mainly in the resin matrix and reinforced fabric, indicating that composite has 
excellent interface strength. 
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Table 2 Mechanical properties of Modified BMI Matrix Composites 

Property BMI/glass fabric BMI/quartz fabric 

Fiber content，wt% 36.4 35.8 

Interlaminar shear strength, MPa 45 43 

Impact strength, KJ/m2 173 157 

Tensile strength, MPa 356 350 

Tensile modulus, GPa 25 28 

Flexural strength, MPa 490 512 

Compress strength, MPa 410 405 

   

(a) Shearing surface                                      (b) Flexural surface 

Figure 1 SEM images of the surface of BMI/glass fabric composites 

Dielectric Properties of the glass fibric reinforced BMI composites 

To be good dielectric functional materials, the dielectric constant (ε) and dielectric 
loss (tanδ) should be as low as possible. The dielectric constant and dielectric loss of 
modified BMI resin matrix composites reinforced by glass fabric and quartz fabric 
under different frequency are shown in Figures 2 and 3. It could be found that both of 
two kinds of composites possessed outstanding dielectric properties. In the range of 
frequency between 0 and 20Hz, they also have low change of dielectric constant and 
dielectric loss. The dielectric constants of two kinds of composites are 3.24~3.28 and 
2.92~2.98, respectively, and the dielectric loss are 0.012~0.014 and 0.0083~0.0096, 
respectively. Therefore, both of modified BMI matrix composites possess excellent 
dielectric properties in a wide frequency range.  
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Figure 2 Dielectric properties of BMI/glass fabric 
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Figure 3 Dielectric properties of BMI/quartz fabric 

Hot-wet Properties of the glass fibric reinforced BMI composites 

Being adapted to some structure and functional component in aerospace field such as 
radome, the composites will be corroded by high temperature pneumatic pyrogenation 
and impact of raindrop because of conversion of environment temperature and 
humidity. The corrosion could cause aging of composites. Therefore, the good hot-wet 
resistance is very necessary to the composites.  
The relationship of water absorption of modified BMI matrix composites reinforced 
by glass fabric and quartz fabric versus hot-wet aging time is shown in Figure 4. It 
could be found that the water absorption of both of composites increase with 



 275 

 

prolonging of aging time. After aging for 100h in boiling distilled water, the water 
absorptions of two kinds of composites are less than 1.1%. Especially the modified 
BMI matrix composites reinforced by quartz fabric have lower water absorption and 
the maximum is even less getting to 0.84%.  
The relationship of mechanical properties of modified BMI resin matrix composites 
reinforced by glass fabric and quartz fabric versus hot-wet aging time is shown in 
Figure 5 and 6. After aging in boiling water for 100h, the retentions of the flexural 
strength and interlaminate shear strength of both of composites are more than 89% 
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Figure 4 Water absorptions of BMI/glass fabric and BMI/quartz fabric 
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Figure 5 Mechanical properties of BMI/quartz fabric after boiling 
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and 98%, respectively. Those could indicate that both of modified BMI resin matrix 
composites has excellent hot-wet resistance and to achieve requests for aerospace 
application. 

Conclusions 

Modified BMI resin matrix composites reinforced by glass fabric and quartz fabric are 
prepared and the properties of resin matrix and mechanical, dielectric and hot-wet 
properties of composites was investigated. Both of the modified BMI matrix 
composites reinforced by glass fabric and quartz fabric possess excellent mechanical 
properties. The impact strengths, flexural strengths and ILSS of two kinds of 
composites are more than 150kJ/m2, 490MPa and 43Mpa, respectively. SEM photos 
of fracture surface indicate that the interface of composites bonds compactly. 
Moreover, both of composites have outstanding dielectric properties within wide 
frequency between 2-20GHz. After 100h in boil water, water absorption of both of 
composites are less than 1.1%, and the retention of flexural strengths and shear 
strengths is more than 85% and 90%, respectively. 

Acknowledgements. This research was supported by the Special Scientific Research Fund of 
the Education Office of Shaanxi Province (Fund No.03JK075) and the Special Research 
Fund of Doctoral Disciplines of Universities of Education Department of China (Fund 
No.20050699034). 

References 

[1] Chen XB. High Performance Resin Matrix (1999), China, Beijing, Chemical Industry 
publication 

[2] Liang GZ, Gu AJ. Bismaleimide Resin (1997), China, Beijing, Chemical Industry 
publication 

0 20 40 60 80 100
400

420

440

460

480

500

boiling time, h

fle
xu

ra
l s

te
ng

th
, M

P
a

40

41

42

43

44

45

46

interlam
inar shear strength, M

P
a

 

Figure 6 Mechanical properties of BMI/glass fabric after boiling 



 277 

 

[3] Liang GZ, Wang D (2002). Polym-Plast. Tech. Eng. 41: 285 
[4] King FL, Jin SL, Chen HC (1996). Polymer 37: 4729 
[5] Dusek K, Matejka L, Spacek P (1996). Polymer 37: 2233 
[6] Morgan RJ, Shin EE, Rosenberg B, Jurek A (1997). Polymer 38: 639 
[7] Goiti E, Huglin MB, Rego JM (2004). Eur Polym J 401: 219 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


