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Abstract 
 

Properly controlling the rheological properties of nanoparticle inks is crucial to their printability. 

Here we report that colloidal gels containing a dynamic network of graphene oxide (GO) sheets 

can display unusual rheological properties after high-rate shearing. When mixed with 

polyaniline (PANI) nanofiber dispersions, the GO network not only facilitates the gelation 

process but also serves as an effective energy transmission network to allow fast structural 

recovery after the gel is deformed by high-rate shearing. This extraordinary fast recovery 

phenomenon has made it possible to use the conventional air-brush spray technique to print the 

gel with high-throughput and high fidelity on non-planar flexible surfaces. The as-printed 

microsupercapacitors exhibit an areal capacitance of 4~6 times higher than the traditionally 

spray-printed ones. This work highlights the hidden potential of two-dimensional materials as 

functional yet highly efficient rheological enhancer to facilitate industrial processing of 

nanomaterial-based devices. 
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Cost-effective and scalable printing techniques such as spray and screen printing have been 

extensively explored for processing a variety of nanomaterials for practical applications in 

recent decades.[1] Each printing technique requires the compositions and particularly 

rheological properties of the ink be adjusted to a proper range to render its printability, ranging 

from dilute dispersions for spray printing to more viscous screen-printing inks to far more 

viscous gels in 3D printing.[1] Among various printing techniques, spray printing has the 

attributes of low-cost, easy operation and industrial upscaling and has been widely used in 

traditional coatings and more recently for fabrication of films or patterns for electronics, solar 

cells, batteries and supercapacitors.[2] In spray printing, a low-viscosity colloidal dispersion is 

generally used as the ink to allow its flowing through the nozzle and facilitate its atomization 

under air brush.[1, 3] However, colloidal dispersion-based inks are generally of low solid content, 

which will lead to relatively low efficiency for processing of thick and large-area films.[2c-e, 3] 

For example, the nanomaterial dispersion inks used for spray printing of microsupercapacitors 

were reported to have a solid content lower than 0.05 wt%, limiting the areal capacitance lower 

than 8 mF cm-2.[4] Moreover, low-viscosity dispersions also tend to spread over the substrate, 

resulting in low-fidelity printed patterns.[1, 3] High-throughput and high-fidelity spray printing 

of nanomaterials-based devices has been generally considered as an insurmountable challenge. 

Colloidal gels are composed of a continuous network of colloidal particles dispersed in a 

liquid,[5] and has recently been used as inks for screen and 3D printing to process functional 

nanomaterials for energy storage devices, tissue engineering and advanced ceramic materials.[6] 

Compared with colloidal dispersion, colloidal gels have high solid content as well as high shape 

fidelity because of their desirable viscoelasticity for printing, in which they appear like solid 

under static conditions and can be made fluid-like upon shearing, and then return to the solid-

like gel state after cessation of shearing.[6b, 6d, 7] However, this recovery behavior of colloidal 

gels is frequency-dependent and highly susceptible to the shear rate.[8] Previous rheological 
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studies showed that colloidal gels can recover to the gel state within 1~20 s under the shear rate 

of 10-1~103 s-1.[9] Correspondingly, colloidal gels are processed largely through screen or 3D 

printing under a shear rate of lower than 102 s-1, [6a, 6c, 6d, 10] rarely through spray printing, which 

requires much higher shear rates of 104~106 s-1.[1, 3] It has been reported that such high-rate 

shearing could cause the irreversible collapse of gel network to slow the speed and extent of 

structural recovery,[11] which could result in poor fidelity. Although polymer dispersants can be 

added in colloidal systems to tailor the viscoelastic properties,[1] to our knowledge, there have 

been no reports suggesting that fast recovery of colloidal gels, the key to ensuring the high 

fidelity of the resultant objects,[6c, 6d, 10] could be achieved under high-rate shearing of spray 

printing. 

Graphene oxide (GO), a readily available graphene derivative, has been widely used as a 

solution processable precursor for the fabrication of a broad range of graphene-based materials 

and nanocomposites.[12] From a materials point of view, GO can be considered as both a 

colloidal particle and a polymer;[13] it has hence been extensively explored as a dispersant for 

other colloidal particles for the preparation of a variety of printable soft composites.[14] It has 

been widely noticed that the addition of GO would lead to an increase in viscosity or gelation 

of the dispersions,[10, 14a, 15] making them applicable to 3D printing for batteries and 

supercapacitors.[10, 14a, 16] However, little attention has been paid to new fundamental rheological 

properties that could be rendered by the addition of two-dimensional (2D) nanomaterials. In 

this work, we demonstrate how a dynamic network of GO sheets added into colloidal 

polyaniline nanofibers can enable unusual rheological properties and how these properties can 

be utilized to fabricate high-performance microsupercapacitors using the conventional spray 

printing technique, including high-fidelity printing on non-planar surfaces. A key aim of this 

work is to demonstrate the uniqueness of the long-overlooked rheological properties of 2D 



     

5 
 

nanomaterials and particularly their great potential as an extraordinary rheological modifier for 

facilitating the wet processing of other functional nanomaterials. 

GO was prepared by oxidation of natural graphite powder through the modified Hummers’ 

methods,[17] showing an average lateral area of 14.6 μm2 and a thickness of 0.93 nm (Figure 1a 

and Figure S1). Polyaniline nanofibers with a typical diameter of 62 ± 8 nm and length-diameter 

ratio of 8.9 ± 1.8 (Figure 1b and Figure S2) were synthesized according to our previous 

report.[18] PANI nanofibers were chosen as a model colloidal material because their colloidal 

property can be readily adjusted by pH[19] and their electrostatic interactions with GO can be 

controlled to form colloidal gels and to shed light on the underpinning mechanisms. From a 

practical aspect, PANI has been widely explored as a readily available conducting polymer for 

supercapacitors.[13a] PANI-based pseudocapacitors have been extensively fabricated through 

filtration, electrolytic deposition, ink-jet printing and spray printing, blade casting, screen 

printing and 3D printing.[2e, 4b, 13a, 20] The GO/PANI combination provides a good material 

system to investigate how spray printing of colloidal gels could affect the electrochemical 

performance of the resultant supercapacitors.  
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Figure 1. Formation of GO/PANI gels. a-b) SEM images of GO sheets and PANI nanofibers. The scale 

bars in a) and b) are 2 μm and 300 nm, respectively. c) Phase behaviour of GO and PANI colloids under 

pH=2. d) Photographs of GO/PANI gels.  

We mixed GO and PANI nanofibers in water under the pH of 2, at which PANI and GO are 

positively and negatively charged, respectively.[21] Depending on the concertation of each 

component in the mixture, three phase states were observed: dispersion, coagulation and gel 

(Figure 1c and Figure S3). The gelation was visually judged by the tube-invest test (Figure 

1d) ,[22] and quantitatively confirmed by the significant increase in modulus after the mixing of 

GO and PANI dispersions (Figure S4). It was observed that the formation of GO/PANI gels 

only occurred when the mass fraction of GO (𝜔"#) exceeded a critical value of 0.25% (Figure 

1c). In the following, GO/PANI colloidal gels are denoted as GP-X-Y for short, in which X 

represents the mass fraction of PANI (𝜔$%&', %) and Y represents the mass fraction of GO 

(𝜔"#, %). 

 

Figure 2. Viscoelastic property of GO/PANI gels. a) Viscosity of PANI colloids (3.0 wt%), PVA/PANI 

colloids (3.0 wt% PVA and 3.0 wt% PANI) and GO/PANI gels under the shear rate between 10-2 s-1 to 104 s-

1. b) Modulus recovery of GO/PANI (GP-0.43-0.43) gel, PVA/PANI and PANI colloids under different shear 
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rates of 10 s-1 , 102 s-1 and 103 s-1 for 10 s, respectively. c) Shape variation of a sessile drop of GO/PANI (GP-

0.43-0.43) gel after 100 kPa side air delivery.  

We first studied the mechanical responsive behaviours of GO/PANI gels under steady shearing. 

Polyvinyl alcohol (PVA, Mw=130,000), a widely used polymer rheological modifier, was also 

mixed with PANI in separate experiments for comparison. Figure 2a presents the viscosity of 

PANI, PVA/PANI colloids and GO/PANI gels under the shear rates between 10-2 and 7×103 s-

1 (the highest shear rate available for the rotational rheometer used). All the samples studied 

exhibited a pronounced shear-thinning effect (Figure 2a) under the shearing window of 10-

2~2×102 s-1. These results are consistent with previous observations of conventional colloidal 

gels.[6a, 6b, 23] The disruption of the non-covalently-linked network in colloidal gels by shearing 

resulted in the decrease in viscosity. However, when the shear rate exceeded 2×102 s-1, the 

shear-thinning effect was still remarkable for the GO/PANI gels with viscosity reduction at 

nearly two orders of magnitudes but not prominent for PANI or PVA/PANI colloids. This 

enhanced shear-thinning effect may be attributed to the high anisotropy of GO sheets. 2D GO 

sheets were reported to orient under high-rate shearing,[24] resulting in the continuous decrease 

in viscosity. Although GO-containing colloidal gels have a higher viscosity than PVA-modified 

PANI dispersions, they exhibit an enhanced shear-thinning effect, which makes them flowable 

under the high-rate shearing of spray printing as demonstrated below.   

The structure of GO/PANI colloidal gels tends to recover upon the cessation of shearing. The 

speed and extent of structural recovery can be monitored quantitatively by measuring the real-

time modulus through a standard two-step procedure:[25] constant shearing with large strain to 

break the gel network, followed by oscillatory shearing with low strain amplitude to monitor 

the recovery. Figure 2b presents the modulus recovery of PANI, PVA/PANI colloids and 

GO/PANI gels after constant shearing under different rates. In our experiment, the shearing 

strain (104 %~106 %) applied in the first step was much larger than the yield strain of the gels 
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(20%~45%, Figure S5) to ensure the disruption of the gel network. The subsequent modulus 

recovery can be divided into two stages (Figure 2b). At the first stage, the storage modulus of 

GO/PANI gels underwent a reversal to be larger than the loss modulus within 1 s even under 

shearing of 103 s-1, indicating that the gel network was rebuilt immediately after being broken 

by high-rate shearing.[9b] At the second stage, the storage modulus slowly approached to an 

equilibrium value. The equilibrium storage modulus (𝐺)* ) under shearing of 103 s-1 nearly 

achieved the initial storage modulus (𝐺+,+* ) (𝐺)* /𝐺+,.* = 96.6 ± 3.6 %) (Figure 2b and Figure 

S6). This indicates that the gel network is gradually restored even under high-rate shearing. 

GO/PANI gels containing different mass fractions of GO and PANI all exhibited fast recovery 

(within 1s) and high recovery ratio (𝐺)* /𝐺+,.* > 90%) under shearing of 103 s-1 (Figure S7). In 

contrast, GO-free PANI and PVA/PANI colloids exhibited much slower recovery (18 s and 11 

s) and lower recovery ratio under shearing of 103 s-1 (71.6 ± 4.2 % and 75.6 ± 4.3 %) (Figure 

2c and Figure S6). These are consistent with the reported results for other polymer-based 

colloidal materials, in which the recovery time and recovery ratio are in the range from 1~20 s 

and 34~100%, respectively.[9] This comparison clearly suggests that the addition of GO render 

the colloidal gels with unusually fast structural recovery under high-rate shearing. 

We used high-speed camera to confirm the extraordinary recovery property of GO/PANI 

colloidal gels (Figure 2c and Movie S1). Under the side air delivery of 100 kPa for a pulse of 2 

ms, a drop of GO/PANI gels showed 40.1% shear strain (corresponding to a shear rate of ~200 

s-1) at the region of highest deformation. The shear strain is higher than the yield strain of 

GO/PANI (38.2%, Figure S5), and thus should have broken the gel network. Upon cessation of 

the side air delivery, the deformed gels quickly recovered to 26.5% strain in 3 ms, and to its 

nearly original shape with 5.8% strain in 7 ms. In stark contrast, the PVA/PANI colloidal 

dispersions with higher mass fraction (3 wt% PVA and 3 wt% PANI) continued to deform after 

the air delivery was ceased (Figure S8 and Movie S2). It is worth noting that despite GO/PANI 
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gels being recovered from a broken liquid-like state, they were able to achieve a shape recovery 

rate of up to 8,100 mm min-1. This is equivalent to a strain recovery rate of 4.9% ms-1, which is 

even larger than the recovery rate of solid-state elastomers, such as graphene foam (7000 mm 

min-1 / 0.92% ms-1),[26] carbon nanotube foam (120 mm min-1 / 0.14% ms-1),[27] and polymer-

based foams.[27] 

 

Figure 3. Spray Printing of GO/PANI gels for microsupercapacitors. a) Optical microscope image of 

spray-printed patterns of GP-3.0-3.0 gels on polyethylene terephthalate (PET) substrate. The printed patterns 

show complementary structure with the mask (in the inset). The scale bar is 500 µm. b) Schematic of spray 

printing of GO/PANI gels for microsupercapacitors. c) Photographs of GP-3.6-2.4 gels-based 

microsupercapacitor array on the planar Au-coated polyimide prepared through spray printing. The scale bars 

is 5 mm. d) The areal capacitance of GP-3.6-2.4 gels-based microsupercapacitors prepared by spray printing. 

e) Comparison of our spray-printed microsupercapacitors and other printed ones in the literature. The values 

of areal capacitance reported in the literature are listed in Table S1.  

The observed unusual elastic-like recovery under high-rate shearing prompted us to explore the 

possibility to directly use the spray printing to process GO/PANI colloidal gels for 

supercapacitor application. To satisfy the low-viscosity requirement,[1, 2d, 2e] the inks used 

previously for spray printing were colloidal dispersions, which may spread on the substrate 
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without additional procedure of substrate pre-treatment.[28] This was indeed encountered for 

PANI and PVA/PANI inks, which quickly spread and coalesced after printing (Figure S9). In 

contrast, GO/PANI colloidal gels-based inks were able to be sprayed out through 350 µm nozzle 

under a shear rate of 105~106 s-1 while they did not spread on the substrate, leading to patterns 

with high fidelity. As shown in Figure 3a, the spray-printed pattern of GO/PANI (GP-3.0-3.0) 

gels on PET substrate exhibited an exact complementary structure to the mask.  

GO/PANI gels were sprayed on the gold current collectors to fabricate a microsupercapacitor 

array (Figure 3b), which displays a well-defined pattern with no short circuit to appear between 

microelectrodes (Figure 3c). The microsupercapacitors showed an optimal capacitive 

performance and cyclic life when the mass ratio of GO and PANI was 4:6 (Figure S10). Using 

GP-3.6-2.4 gels as inks, the spray-printed microsupercapacitors can deliver a high areal 

capacitance of 35~57 mF cm-2 at the current density of 0.1 mA cm-2 (Figure 3d and Figure 

S10c). It is about 4~6 times higher than the ones of the state-of-art spray-printed 

microsupercapacitors using dispersions as inks,[4a, 4b, 29] and highest among the 

microsupercapacitors fabricated by ink-jet or screen printing (Figure 3e and Table S1).[30] This 

areal capacitance is even comparable to most 3D-printed microsupercapacitors,[31] except for 

some cases in which the electrode thickness achieves several millimetres (Table S1).[16]  

The high areal capacitance of our microsupercapacitors is believed to result from the following 

two aspects. On the one hand, the mass fraction of GO/PANI gels can be made as high as 6 

wt%, much higher than the reported ones of inks used in spray printing (below 0.05 wt%).[2d, 2e] 

The electrode thickness of the spray-printed microsupercapacitors can thus be made very high, 

reaching ~30 μm (Figure S11a). On the other hand, we found that the GO/PANI electrodes 

resulted from high-shear-rate spray printing appeared to show an oriented internal 

microstructure as a result of the GO-endowed shear-thinning under the high-rate shearing of 

spray printing (Figure 2a, Figure S11a and 11c). Compared to the disordered structure prepared 
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by drop casting (Figure S11b and 11d), this oriented structure facilitated the ion transport of the 

resultant electrodes. As indicated by the electrochemical impedance spectroscopy of the 

microsupercapacitors, the microsupercacitos prepared by spray printing showed a smaller-

diameter resistor-capacitor semicircle in the high-frequency region of Nyquist plots (Figure 

S11e and 11f), indicating that the formed stratification structure showed a lower ion diffusion 

resistance.[32] Therefore, in our case, despite the loading of the active materials is high, the 

ordered structure formed during spray printing can facilitate the ion diffusion in 

microsupercapacitors, leading to the ultrahigh areal capacitance.  

 

Figure 4. Flexible wearable microsupercapacitors through spray printing of GO/PANI gels. a) 

Photographs of GP-0.52-0.34 gels-based microsupercapacitor array on the columnar surface of gloves 

prepared through spray printing. The scale bars is 5 cm. b) Galvanostatic charge-discharge curves of GP-

0.52-0.34 gels-based microsupercapacitors at 10 mA cm-2 connected in serial/parallel manner. c) Cyclic 

voltammetry curves of GP-0.52-0.34 gels-based microsupercapacitors at 20 mV s-1 under different bending 

angles. d) Photographs of integrated devices of conductive foam based resistive sensors (index finger) and 

GP-3.6-2.4 gels based microsupercapacitors (middle finger). The scale bars is 5 cm. e) Current-time curve of 

the integrated devices during finger motion after charging the microsupercapacitors to 0.5 V. 
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In addition to enabling a high areal capacitance, the spray printability of GO/PANI colloidal 

gels offers another key advantageous feature that is usually difficult to achieve with most of 

other printing techniques: printing high-fidelity patterns on non-planar flexible surfaces. Owing 

to the fast elastic-like recovery, GO/PANI gels can even retain high shape fidelity when printed 

on the curved columnar fingers of gloves (Figure 4a). The as-printed microsupercapacitors can 

be combined in serial/parallel manners by connecting the square Au electrode junctions on the 

rear surfaces of gloves, providing tunable voltage and the capacitance for practical applications 

(Figure 4b). Moreover, the spray-printed microsupercapacitors showed no capacitance 

degradation at a bending angle of 90º and 180º (Figure 4c), suggesting the flexibility of the as-

fabricated GO/PANI electrodes (Figure S12 and Movie S3). We have also integrated the printed 

micro-supercapacitors with a flexible resistive-type strain sensor to demonstrate its potential 

application in powering flexible electronics (Figure 4d). The strain sensors on the index finger 

were successfully powered when the microsupercapacitors on the middle finger was charged to 

0.5 V (Figure 4e). The integrated devices were used to monitor the finger motion by recording 

the induced currents and kept working under the bending states of microsupercapacitors (Figure 

4e). Such non-planar printing of colloidal gels for microsupercapacitors is cost-effective and 

scalable, which can promote their practical applications in flexible/wearable electronics.[33] 

We have combined our colloidal experiments under different pH values with the scaling model 

previously published[34] to shed light on the mechanism of the fast recovery of GO/PANI 

colloidal gels under high-rate shearing (see detailed discussion in the Supporting Information 

Section 2 and Figure S13-S18). The formation of a dynamic 2D network under a GO mass 

fraction of as low as 0.25% and the strong interactions between GO and PANI nanofibers is 

believed to play a critical role in the observed extraordinary rheological properties. The 

physically-crosslinked GO network not only facilitates the gelation but also serves as a highly 

efficient backbone to transmit the external shearing energy during the deformation and recovery 
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of GO/PANI gels. The mechanism is further manifested by our successful preparation of 

colloidal gels composed of GO and other nanomaterials, including carbon nanotubes, Fe2O3 

nanospheres and Ni-Al layered double hydroxide nanosheets. All the resultant colloidal gels 

showed fast recovery (within 1s) and high recovery ratio (𝐺)* /𝐺+,.* >94%) under shearing of 

103 s-1 (Figure S19), and are spray-printable. 

In conclusion, we have demonstrated that colloidal gels containing a dynamic network of GO 

sheets can display unusual elastic-like recovery behaviors, allowing the use of the conventional 

spraying technique to print colloidal gels of polyaniline nanofibers with high-throughput and 

high fidelity even on non-planar substrates. Graphene and other 2D materials are being 

extensively explored as nanoscale additives in a broad range of composite materials. Previous 

research in this field has been centered on exploiting their electrical, optical, mechanical and 

thermal properties. This work demonstrates that the addition of 2D materials into colloidal 

dispersions, in conjunction of proper control of colloidal interactions, could render new 

rheological properties to facilitate cost-effective and scalable processing of other nanomaterials 

that are otherwise difficult to achieve with traditional rheological modifiers.  As the rheological 

properties of materials play a critical role in commercial processing of many materials including 

nanomaterials, we hope that this work could stimulate more research into the unusual colloidal 

and rheological properties of 2D materials and their composites to underpin their on-going 

commercialisation effort. 
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Experimental Section 

Preparation of GO/PANI gels: GO sheets and polyaniline (PANI) nanofibers were prepared 

using the methods previously reported.[17-18]  The phase behaviours of GO/PANI colloids under 

pH=2 were investigated through mixing GO dispersions and PANI dispersions. Typically, HCl 

solution (6M, 10 uL) was firstly added into PANI nanofibers dispersions (1.5 mL, pH=7) with 

certain concentration. The resultant PANI nanofibers dispersions were mixed with GO 

dispersions (1.5 mL, pH=7) with certain concentration, and shaken in a 5 mL plastic tube (inner 

diameter 8 mm) by a vortex mixer (1800 r min-1 for 120 s). The phase states of the mixture were 

then visually examined. 

Measurement of the viscoelastic response of GO/nanoparticle gels: The shear-thinning of the 

gels was measured by steady shearing between 10-2 and 104 s-1 (Anton-Paar MCR 502). The 

modulus recovery of the gels was measured by combined transient shearing. Before applying 

shearing, the initial storage modulus (𝐺+,+* ) of the gels was recorded by an oscillatory shearing 

(1 rad s-1 at 0.2% strain amplitude for 100 s). Two procedures were adopted to monitor the 

modulus recovery of the gels.  First, a large shearing strain was applied by a constant shearing 

to disrupt the gel network (104 % strain, 10 s-1 shearing for 10 s; 105 % strain, 102 s-1 shearing 

for 10 s; 106 % strain, 103 s-1 shearing for 10 s). Then, an oscillatory shearing (1 rad s-1 at 0.2% 

strain amplitude for 100 s) was applied to monitor the modulus recovery. The storage and loss 

modulus were recorded every one second interval. The recovery time is defined by the time 

from the cessation of shearing until 𝐺* > 𝐺**, indicating the formation of gels. The recovery 

ratio is defined as 𝐺)* 𝐺+,+*⁄ . 𝐺)*  represents the equilibrium storage modulus, which was fitted 

from the modulus recovery curve by using a modified exponential function of 𝐺*(𝑡) = 𝐺)* −

𝛽 ∗ 𝑒<=.. Three samples were tested to obtain average values for the recovery time and recovery 

ratio. 
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Observation of shape recovery of GO/PANI gels by high-speed camera: The shape variation of 

GO/PANI gels after deformation was observed by a high-speed camera (Trouble Shooter, 

TS1000ME, Fastec Imaging Corporation). During the measurement periods, in-line 

illumination was provided with a high intensity illuminator (Edmund M1-150). A 200 uL drop 

of GP-0.43-0.43 gels or PVA/PANI colloids (3.0 wt % PVA and 3.0 wt % PANI) was casted 

on a glass substrate by a pipette. An air blow with a pressure of 100 kPa and a diameter of 4 

mm was provided by a compressor, and horizontally applied to the drop for 2 ms to cause 

deformation. The air outlet was 6 cm away from the drop. The deformation and recovery 

process were recorded by the high-speed camera at 1000 frames per second. 

Microsupercapacitors prepare by spray printing of GO/PANI gels: For the fabrication of 

current collectors, 30 nm Ti and 150 nm Au were sputtered on the polyimide substrate through 

a stainless steel mask with 25-finger interdigital pattern (100 μm finger width, 200 μm 

interspacing). GO/PANI gels were subsequently spray-printed onto the substrate under an air 

pressure of 0.2 Mpa (Technodigm, SVC1000). The height of nozzle was kept at 10 cm away 

from the substrate. The moving speed of the spray printer was manually controlled to be ~ 1 cm 

s-1. The mask was then carefully peeled off after scraping excessive gels from the mask surface 

and keeping them at 25 °C for 20 h. Finally, gel electrolyte (1g polyvinyl alcohol, 1 g H2SO4 

and 10 mL water) was drop-cast on the microelectrodes and dried overnight. For the fabrication 

of microsupercapacitors on gloves, a flexible polyimide mask (900 μm width, 900 μm 

interspacing) was wound on the columnar surface of gloves. Other procedures were similar to 

spray printing of GO/PANI gels on planar polyimide substrate. For the integration of 

microsupercapacitors with resistive sensors, a piece of conductive polyurethane foam (4.5 cm 

long, 1.5 cm wide and 6.35 mm thick) were pressed onto the sputtered Au electrodes through 

covering a polydimethylsiloxane film (~1 mm thickness) and winding around the index finger. 

The resistive sensors were integrated with the microsupercapacitors on the middle finger by 
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connecting the square Au electrode junctions on the rear surfaces of gloves with conductive 

fibers. 
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Supporting Information is available from the Wiley Online Library or from the author. 
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Spray printing of GO-containing colloidal gels is achieved with high throughput and high 

fidelity by exploiting their ultrafast elastic-like recovery endowed by GO network. Flexible 

wearable microsupercapacitors are fabricated through spray printing of GO/PANI gels, 

displaying 4~6 times higher areal capacitance than the conventional spray-printed ones. This 

work highlights the hidden potential of two-dimensional materials as functional yet highly 

efficient rheological enhancer to facilitate industrial processing of nanomaterial-based devices. 
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