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1 Supplementary Figures
2

3
4 Figure S1. The bulk density of single-density carbon nanotube sponge increases with the 

5 increase of the carbon source solution injection rate.

6

7 Figure S2. SEM image of the transition part between the high-density layer and the low-

8 density layer

9 The light-colored arrows refer to the small-diameter CNTs with smooth surfaces, 



1 while the dark-colored arrows refer to the large-diameter CNTs with amorphous carbon 

2 attached to the surfaces. 

3

4

5 Figure S3. (a) The relationship between the thickness of the CNT sponge and the injection 

6 rate of the carbon source solution under the same reaction time of 5 hours. (b) The 

7 relationship between the thickness of the CNT sponge and the reaction time when the 

8 injection rate of the carbon source solution was fixed at 0.4ml/min.
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10 We tested the relationship between the thickness of the CNT sponge and the 

11 injection rate of the carbon source solution under the same reaction time of 5 hours, as 

12 shown in the Figure S3(a). It can be found that the thickness of the resulting CNT 

13 sponge decreases as the injection rate of the carbon source solution increases. This is 

14 due to the increase in the number of CNTs tube walls, the number density of CNTs and 

15 the increase of amorphous carbon in the microscopic view. Afterward, we investigated 

16 the relationship between the thickness of the CNT sponge and the reaction time when 

17 the injection rate of the carbon source solution was fixed at 0.4ml/min. Because the 

a b



1 thickness of the sponge cannot be observed in real time during the reaction process, we 

2 conducted four experiments which were reacted for 1h, 2h, 4h and 5h respectively. The 

3 relationship between the thickness of the CNT sponge and the reaction time is shown 

4 in the Figure S3(b). The thickness increases with the increase of the reaction time.

5

6
7 Figure S4. Compression stress-strain curves of the GS-CNTS, single HS-CNTS and single 

8 LS-CNTS.



1

2 Figure S5. The schematic for the entire sensor structure including electrodes

3
4 Figure S6. ΔR/R0 of the GS-CNTS as a function of compression strain.
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1
2 Figure S7. ΔR/R0-time curves of the GS-CNTS at various frequencies under a 40% strain.

3
4 Figure S8. Response time of the GS-CNTS. The insets are the enlarged views during the 

5 loading and unloading stress stages.
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1
2 Figure S9. I-V curves of the GS-CNTS with various applied stress.
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1 Figure S10. Working stability test of the GS-CNTS under high stress conditions. (a) 

2 ΔR/R0-cycle curve of the GS-CNTS with compression stress of 2.99 MPa (55% strain) for 1800 

3 cycles. The insets are the enlarged views around 300th and 1500th cycles. (b) Stress-strain 

4 curves of the GS-CNTS with compression strain of 55% at the 1st, 300th, 600th, 900th, 1200th, 

5 1500th, 1800th cycles. (c) Under 2.99MPa, the height change of the GS-CNTS after 1, 300, 

6 600, 900, 1200, 1500, 1800 cycles of testing. H0 is the initial height of the GS-CNTS, and H is 

7 the height of the GS-CNTS after test the compression-recover cycles. (d) ΔR/R0-cycle curve of 

8 the GS-CNTS with compression stress of 5.51 MPa (60% strain) for 1800 cycles. The insets 

9 are the enlarged views around 300th and 1500th cycles. (e) Stress-strain curves of the GS-CNTS 

10 with compression strain of 60% at the 1st, 100th, 200th, 300th, 400th, 500th cycles. (f) Under 

11 5.51MPa, the height change of the GS-CNTS after 1, 100, 200, 300, 400, 500 cycles of testing. 

12 (g) Stress-strain curves of the GS-CNTS with compression strain of 60% at the 1st, 300th, 

13 600th, 900th, 1200th, 1500th, 1800th cycles. (h) Under 5.51MPa, the height change of the GS-

14 CNTS after 1, 300, 600, 900, 1200, 1500, 1800 cycles of testing.
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1 Table S1. Comparison of the main parameters of the pressure sensor in this work and the 
2 previous work

Materials Detection 
limit

Max 
stress

Sensitivity Film or 
sponge

Type Refer
ence

MXene/tissue 
paper

10.2 Pa 30 kPa 0.55 kPa-1(0.023-

3.036 kPa),3.81 kPa-1 

(3.036-10 kPa)

Film Resistive [1]

CNT/PI 10 Pa 61 kPa 11.28 kPa-1 (0-5  

kPa),0.33 kPa-1 (15-

60 kPa)

Sponge Resistive [2]

Carbonyl 
iron/

PDMS/AgNW

2 Pa 200 kPa 0.28 kPa-1 (0-10  

kPa),0.02 kPa-1 (50-

200 kPa)

Film Capacitive [3]

AgNP/PDMS 4.1 Pa 200 kPa 50mV kPa-1 (4.1Pa-8 

kPa),1.8 mV kPa-1 (8 

kPa-115  kPa),0.8 

mV kPa-1 (115 kPa-

200 kPa)

Sponge Piezo-
thermic

[4]

rGO/PVDF 1.3 Pa 353 kPa 47.7 kPa-1 Film Resistive [5]
PVA/H3PO4 0.08Pa 360 kPa 3.3 Pa-1 (0-10  

kPa),671.7 kPa-1 (10-

100 kPa),229.9 kPa-1 

(100-360 kPa)

Film Capacitive [6]

GO/rGO/PD
MS

500 Pa 450 kPa 2×10-3 kPa-1 (0.5-10  

kPa),3×10-5 kPa-1 

(10-450 kPa)

Film Capacitive [7]

TPV/Ni/
PET/ITO

1 Pa 500 kPa 1×106 kPa-1 (1Pa-20 

kPa),3.1×104 kPa-1 

(20 kPa-500 kPa)

Film Resistive [8]

CNT/PDMS 10 Pa 1.2 MPa 0.01-0.02 kPa-1 Sponge Resistive [9]
Graphene/

PDMS/AgNW
250 Pa 3 MPa 2.05×10-4 kPa-1 

(0.25-500  

kPa),9.43×10-6 kPa-1 

(500-3000 kPa)

Film Resistive [10]

Gradient 
stiffness 
cabon 

nanotube 
sponge

2.2 kPa 5.47 MPa 0.765 MPa-1 (0.1-

0.49 MPa),0.027 

MPa-1 (1.97-5.47 

MPa)

Sponge Resistive This 
work
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1
2 Figure S11. The ΔR/R0-time curve of the GS-CNTS when attached to the throat.

3

4 Figure S12. The ΔR/R0-time curve of the GS-CNTS when attached to the elbow.

5 Supplementary Movies

6 Movie S1. The process of falling the ball on the SS-CNTS. 

7 Movie S2. The process of falling the ball on the GS-CNTS.

8 Movie S3. The mechanical fingers gently pick up the fragile hollow fries.
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