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1. The preparation pression of composites
Fig.S1 shows the preparation process of CNT/PS, CIF/PS and CIF/CNT/PS composites. Firstly, the 30g PS particles were immersed in 100 ml DMF and stirred at 160 oC for 20 min. Secondly, the CNT and CIF particles were added in PS heat solution and stirred at 200 oC for 30 min to obtain CNT/PS, CIF/PS and CIF/CNT/PS sol, respectively. And then, these sols were rapidly poured into 1000 ml anhydrous ethanol, respectively to obtain flocculent precipitates. Next, the flocculent precipitates were freeze-dried to obtain the CNT/PS, CIF/PS and CIF/CNT/PS composites samples. 
[image: ]
Fig.S1 Schematic diagram preparation process of CIF/PS, CNT/PS and CIF/CNT/PS composites
2. Design theory for EMWA of multilayer system
Fig.S2 presents a multilayer-model that contains n layers of different materials while a metal backplate is used as its reflective backing. RL of multilayer-model is defined as in the following equations:

                   (1)

                  (2)
Where Zri is the impedance of the standard absorber, η0 is the is the characteristic impedance of the free space, f is the frequency of the incident electromagnetic wave, d is the thickness of the standard absorber, c is the propagation speed of the EMWs in free space, μr is the complex permeability of absorber (μr=μ'-jμ''), εr is the complex permittivity (εr = ε' − jε''). The frequency range with RL values below -10 dB refer to the effective absorption bandwidth (EAB). The lower RL means the stronger EMWA ability, and 90% of the EMW energy is absorbed when the RL is lower than -10 dB.
According to the transmission line theory, for the multilayer-model, the wave impedance Zi of the i th layer is given by:

                         (3)
where ηi and γi are given as Eq.S(4) and S(5)

                                    (4)

                                 (5)
Here ηi , γi and di are the complex intrinsic impedance, the propagation constant and thickness of the i th layer (i =1, 2, 3…, n), respectively. εri and µri are the complex relative permittivity and permeability of the i th layer, respectively
Because the model is on a metal conductor, which as the reflective backing, the impedance of the short-circuited first layer is given by Eq. S(6):

                             (6)
where η1 and γ1 are the intrinsic impedance and complex propagation constants of the first layer, respectively
Therefore, the EMWA performance of multilayer model consisting of n layers of different materials can be calculated by Eqs. S(1) - S(6).
[image: ]
Fig.S2 Schematic of a multilayer model with a normally incident wave
3.The cell size and cell density of prepared composites foams  
Cell size analysis was conducted using ImageJ (National Institute of Health) and more than 300 cells were tested in FESEM images. The cell density was calculated using Eq.(7): 

                              (7)
where N is the cell density (cells/cm3), n is the number of cells counted from a collection of image. M is the magnification and A is the area of the corresponding observed zone.
 Fig.S3 shows the cell size and cell density of prepared composites foams. It shows that the cell size and density distribution reveal that 6CNT foam possesses the about 2.5 μm of the smallest average pore size with the highest pore density, whereas 50CIF foam exhibits the about12 μm of largest cell size and lowest density. The blended configuration 50CIF/6CNT foam shows a monomodal cell distribution with an average size of about 9.1 μm, while the layered configuration 50CIF-6CNT foam displays a bimodal pore structure with an overall higher cell density than the blended counterpart.
[image: ]
Fig.S3 Cell size distribution and cell density of prepared composites foams
4.The Cole-Cole curve of prepared composites foams  
Generally, the polarization relaxation process of a material can be described by the Debye theory [1]. If the curve plotted by ε′ and ε″ will form the shape of a semicircle, with each semicircle representing a Debye relaxation process. Some studies revealed that the Cole-Cole curve may be affected by conductance, showing irregular semicircular forms [2,3]. Each irregular semicircular form reflects a polarization process. From the Cole-Cole diagram Fig.S4 (g-i), we can find that the irregular semicircular are existing in 50CIF, but the value is very weak, so the relaxation process is not given key consideration for 50CIF. The 6CNTs shows the most Cole-Cole semicircles, but accompanying with shortcoming of seriously impedance mismatching have been analyzed in our previous work [25]. A long and straight line and irregular semicircular are occur simultaneously in Fig.5(i), which can be attributed to its conduction loss origin from CNT component, and polarization loss mainly between CNT and CIF component. According to the above results, blending configuration 50CIF/6CNT as magnetic-electro system show better dielectric and magnetic loss capacity, and prominent impedance matching than pure 6CNT and 50CIF.
[image: ]
Fig.S4 Cole-Cole curves of 50CIF, 6CNT and 50CIF/6CNT composites foams
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