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3% :{Microwave Ultrafast Heating on Iron-based Nanogap
Catalysts for CO2 Reduction Coupling with Coke Removal)
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The module had an integrated pesitive pole and negative pole
(Fig. 1b). As shown in Fig. ¢, B point was labeled as the core position of
the circuit board. Other 1,2,3,4 points were labeled as C1, C2, C3 and C4
with different positions, respectively. Set (x, y) represents the position of
the cell inmodule in Fig. le, then C1 at (5,1), C2 at (4,2), C3 at (3,3), C4
at (3,4) and B between (2.4), (2,5), (3,4) and (3,5). Meanwhile, envi-
ronmental temperature was recorded. The environmental temperature
and the temperature profiles of the whole circuit board could be ob-
tained with different C-rates.

Infrared camera was produced by Hikmiero (HM-TD2067T-6,/X). It
had a resolution of 640512, working at 50 Hz. Temperature could be
imaged in the range of —20-150 °C and in the distance from 0.6 m to 5
m. Images could be directly produced by the camera and treated by the
software.

Electrochemical test was performed with CE-6001n Battery Test
System (NEWARE, Shenzhen China). The voltage range was 0-200 V for
charge and 5-200 V for discharge with the accuracy of 0.02 % Full Scale
(FS). The current range was 1-200 A with the accuracy of 0.05 % FS. The
overall power of the instrument was 40 kw.
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Notably, despite the sample reaching 1990.4 K (Figure 3b) in the
process of microwave-induced coke elimination, the reactor wall
only remained below 800 K, where the temperature of the tubular
reactor wall is monitored by an IR camera (Hikvision, HM-
TD2037T-4/X) as shown in Figures 512 and 513. This temperature
difference is mainly afttributed to the microwave-transparent
property of the quartz material, preventing the reactor wall to
be heated by microwave. Its temperature rise originates primarily
from thermal radiation emitted by the high-temperature sample.
To quantitatively validate this selective heating characteristic of
microwave, a numerical simulation modzl is conducted by using
COMSOL Multiphysics, as shown in Figure 3f The details of
boundary conditions and key parameters are described in Section
54 of simulation, including Figures 514-5817 and Tables S1 and 52).
‘When a 10-mm diameter circular sample was heated to 1472.8
K, it radiated heat to the environment at an intensity of 25.4
W/em?, causing the quartz wall at 10 mm distance to heat at a
ramp rate of 150 K/min and reach thermal equilibrium at 633 Kin
approximately 4 min under forced cooling by flowing air outside

the reactor, as shown in Figure 3g. Upon increasing the sample
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B A :{A method for detecting conductive droplet deformation and
flashover using interface temperature based on electrothermal
synergistic mechanism)
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J. Bi et al

2.1. Detecting system

The test and detection system in this paper includes power supply,
FBG demodulator, infrared thermal imager, ultraviolet imaging meter,
leakage current acquisition device, surveillance camera and silicon
rubber-epoxy resin flat specimen, as shown in Fig. 1(a). The power
transformer with rated capacity of 250 kVA, rated voltage of 50 kV,
rated current of 5 A, the maximum short circuit current of 75 A, working
frequency of 50 Hz, short-circuit impedance of <2%, output voltage
waveform distortion rate of <3%, which meet the requirements of IEC
60,507 [25] for AC contamination test power supply, was applied as the
experimental power supply. FBG demodulator with the type of
JEME-iFBG-508, wavelength sensitivity of 0.1 pm and scanning fre-
quency of 10 Hz was used to detect the interface temperature of the
specimen. The infrared thermal imager with the type of HIKMICRO
TP96 and measuring range of -20 “C § 650 “C was used to detect the
surface temperature. The ultraviolet imaging meter with the type of
DayCor Superb, the sensitivity of 1 pC and the gain of 110 times was
used to detect the surface discharge intensity. The leakage current
collection device is a series resistance type device. The collection card
model is USB3106. The frame rate of the surveillance camera is 30 fps
and the exposure time is 10 ms. It should be noted that the sample in
Fig. 1(a) is represented in top view for visual effect.

Electrie Power Systems Research 218 (2023) 109212

Fig. 8. Surface infrared temperature of the hydrophobic silicone rubber in electric fields.
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1.x~12.x 4R
B B AL BREL. 4O, RS, M. B4
T
¥, USBType-C 0
¥, HDMI-D 0
HHEF 10 5 ME. 5 NE. 1 LR

X4, BE Inspector FF i fHERA

[ 01 = 5K

(RS
MEINEIBZ R
NETD (REFNEE)
RMgs D PR
=V EERS
A

BT R

BFTME

BEAN
MESEE

RAEGRT
S)aparzEs
WSRO PR

by
EGE
BenE
ACEE
MEEAN
BOWER
UVC 5%
N
WIFI/4G
EfIThRE
BYFHE

B T ERYE]

RIFRFFEENEREN (TPT R)

FFHIL BN MES

7.5~14 um

<0.03°C (30 mK) @ 25°C (77 °F) , F#=1.0

384 x 288 (110,592 5% ) 480 x 360 (172,800 142 ) 640 X 512 (327,680 4% )
0.1m 0.3m
25° X 19° 19° X 14° 25° X 19°

255 (0.5X: 50°(H) X 37.4°(V) {255 (0.5X: 35.4°(H)x26.2°(V) 125 (0.5X: 48.2°(H)x36°(V)
2X: 12°(H) X 9°(V) 2X: 9.3°(H) x 7°(V) 2X: 12.3°(H) x9.3°(V)
3X: T°(H)x5.2°(V)) 3X: 5.7°(H)x4.3°(V) ) 3X: 7.6°(H) x5.7°(V))

FiE, 1.x~8.x &L

Bah. ELEE. BUCHE. AIERE. F

o o6 - - -20°C~150°C - - -20°C~150°C
-20°C~150 -20°C~150 C-EEEE -20°C~150 0°C~650°C

0°C~650°C 0°C~650°C  3ngec-2000°c @80 500ec-a000°C

3264 X 2448
1600 x 1200
1600 x 1200
4.3" LCD FEAf#EEEF 800 X 480
PR, AIYE. A, EFRE. Blending
SRR /UERE / KERE / ORHZN
EREEE: 50m; ESMEE: 15m
SRS, RR DR 10 MR 5ME. 5B 1 /LR
%HF, 768 X 576 (44,2368 &) X, 960x720(691,200 &)  2hF, 1280x960 (1,228,800 &)
4, UVCAlarm Client
<5
<
FREBH 2580 GPS, BDS, GLONASS 5% GALILEO {iiZE kiR
2o
4h, FIIZER, AIFEE

24



[ 911 = 2K

feRkaaaE
WEISEIRZ R

NETD (IRFEEICRE)

RAEGRY
PR TRARREE
B
BFTME
g7y
F&E
MESEE
BE
HBOTRE
RAEGRRT
Sapagz=d
RO PR

BRas

EHERER

AT
HER | R
fReR
WIFI
&
TEREFETE
DiEiaE 22
FRER

T BRI FHFIEm (TP2 &51)

e BRMISR
7.5~14pm

<50mk (@25°C, F#=1.0) <30mk (@25°C, F#=1.0)

192 X144 256X192 384 X 288 640 X 480
6.9mm 9.7mm 15mm
18.75°X14.1° 25°X18.8° 37.5°X28.5° 41.9°X33.3°

1.0~8.0 ESHFL(E
25Hz
F1.0
-20°C~150°C, 100°C~550°C -20°C~650°C
+2°Ca £2%, BmAME
25 Al KRS SZHEHNEB S
3264X2448
3264X2448 1600x1200
1600x1200

3.5" LCD BB B 640X 480

mﬁmz f@m‘:ﬁ;‘b jﬂé‘ RIS, ARG FLRE. EFRE ;yfaf; @?lﬁgga o
H¥
H
S25)
SH¥
16G( ASZHF 128G) 64G

-10°C~50°C, <95% -20°C~50°C, <95%
P54

2m

[ r1 = 2

femgszen
SYE
7]
BITRT
M 5K B
NETD (BRFEZFRUEE)
RABGBRY
PR AE R
MRAD (Z=[a]53##K)
RACEE

5

Bk

WEseE

MEEKEE

freE
FEANETUEIREE
BRI A
R ICL iR
R
EGAE - BREEREM
TEREMETE
hEiae- 22t
SN
T
R~
B8
Emae

TELETUNLE B RSN
SRR BRI ZS
640 X 512
50 Hz: 50 fps
12 ym
8~14 um
<35 mk(@25 °C,F#=1.0)
640 X 512
25mm
0.68
F1.0
2X,4X,8x
B B fE 1. B Rie 2. BREL 1. BRI 2
AMEE. B 1. B8R 2. KA M. 4R GAR REF 155

-20°C- 150 °C 8% 0 °C- 650°C

-20-150: 1 FEIFHW £1% EERAE), 9% £1 HEIFHH £1% EXRAE)

0-650: £2 SEFHM +2% (BmAE), HIM =1 SERHH £1% ERAE)
35um
15cm
17.5°(H) x 14°(V) x 22.3°(D)
4.3cm
17.9°(H) x 14.3°(V) x 23.0°(D)
10 DUlE, 10 MEWE, 1 NELNE

-20°C~50°C, <90% RH

1/4"-20 UNC
138X 79X 80mm (KFm=)
1kg
&&E X1, WA X1, BIREALEE X1, 3KME X1, SRETUPLEEE X1

26



g At = X g 01 = 5K

b —
1280 =i, R~ 121.7x74x72mm( KFES )
IR & IhFE DC12V~24V&<4.2W
Rt ES] FUAIES) SRR -~
TEFRERE -20°C~50°C, <90% RH
DR 12801024
PSR P42
g7 50Hz
BITRST 12pm .
HM-AHBRO1 DV B F#F B R 5~ a2 E8
NETD (REFMRE) <30 mk(@25 °C,F#=1.0)
AR 15mm LA ek
MRAD( ZS{a]43 34 ) 08 R~ 380mm x 260mm x 367mm
AR GRS Im L 2750g
MEEFRIZTEES (0.1x0.1m) 20m Jr—— BEHNE, $RkpimiEEhsrERmaE R EE
— 6015047 5° & 0.5X: 0~244mm; 1X: 0~252mm; 0.34X: 0~250mm; 0.85X: 0~252mm
MEKERE 0~150°C #% +1°C 3 £1%, -20~0°C 4% /0-650°C £ +2°C 5 +2% BRI 1/4" REVRET
T EEE R 20~150°C £ £1°C 3 +1%, 0~650°C 4% £2°C 5 +2% RAKE 1900g
P ZATE] 12ms

1000MRJ45, 485, EfufE. IRERED (13 1 1 ). OB L IA—2= N [N=!
HoMED = INBUMETE EENBAEH
4% ISAPI. SDK16/32bit 1280*1024 G5B EEEML, FFREIMKEISTE AR ENY

o il SRR BIERMIZS
R~ 115x 55 x 55 mm
DR 384*288 640*512
IR & ThEE DC12V~24V&<5.5W
b7l 50Hz
TRINEREE -20°C~50 °C, <90% RH —
BITR 12um
Vatiaesssd P42 -
ME N 57 B 8~14um
| PR GER LR 3mm 4mm 7mm 10mm 18mm 5mm 10mm 18mm
=R Ea \
%@%}Eﬁiﬁ%) 0.15m 0.25m 0.46m 1.3m 5m 0.35m 13m 4m
ERRIRR R SRS RIS - BRI SaCm
DR 640x512 MESRTIEES (0.1x0.1m) 4.5m 6m 10.5m 15m 27m 7.5m 15m 27m
g7l 50Hz. 100Hz( FF&EZEI 640*392 53¥AE ) )= 90.0°x65.0° 60.4°*44.9° 41.3°X31.0° 27.0°X20.4° 13.7°*10.4° 90°X70.1° 45.2°*36.1° 24.2°X*19.4°
BITRYT 17um SRR +2°C SIFERAY £2%( BURA(E )-20°C-150°C 8 0°C-650°C HiE;
FAMmREE] 4ms MEESEE 45 1 & CVBS RIS ; 33 1 B USBtype-c EOMSMEILE, 3% UVC BhiY, BITEE
NETD( '¢EEXCEE ) <80 mk(@25 °C,F#=1.0) M AgIEED -20°C-60°C,
ARG RRAREE 15mm TERREEE <90% RH
AR BIIREE 15cm
MEEFRITEES (0.1x0.1m) 15m
Ehop=:| 640x392: 45°x27.6°640x512: 45°x36.1°

MEEREE 0~150°C #4 +1°C 8% £1%, -20~2000°C 14 +2°C 5 +2%
MEESEE -20~2000°C (-20-150°C 8§ 0-650°C & 300~2000°C)

1000M RJ45. CVBS. 485. S, REZEO (1# 14), FOMHMRAE
2§ ISAPI. SDK16/32bit 640*512 R ERELUE L, FIRE ML IE AR AEMY

MEO



[ 01 = 5K

ERIEERACH]
(RSl SRS ERTIES :
Palzi=S 384*288 640*512
LB 50HZ
BT R~ 12um
Nie) 7 552 B 8-14 um
RPESRAFEIE 10mm 18mm 10mm 18mm 25mm
R BOIRIERS 0.15m
M7 25.0°X18.7° 14.5°X10.5° 41.7°X33.3° 24.2°X19.4° 17.4°14.0°
MEESEE PSR, -20 °C-150 °C8X 0 °C-650 °C
MRS 2 °CIEsE £2% (BNRALE)
P STRPRFERRFIRE API, SFHRATNY (ONVIF). SZisERE
SDKME=AEEFEN; IFRIURAL; S4F 1 B8 CVBS B
TIEREEEE -20°C~60 °C, <90% RH
B mEieA
BgeER SRS ERIEE :
Palzi=S 640*512
LB7] 50HZ
BITR 17um
N RzR7ES 8-14 um
AR IR TR EERE 15mm 25mm
Ty 41.5°%33.3° 24.8°x19.9°
PR BOIREERS 0.5m 17.4°14.0°
MPRERZEFEES (0.1x0.1m) 16.5m 27.5m
MRFEE +2% (100°C-1800°C),+4 °C (0 °C-100 °C)( BXfiAE )
MEESEE 0°C-800°C % 600C-1800°C

I FR%wtE ¥ ISAPI. SDKRE#IEHL, RUMAASTE AR, 215 ;24 1 8% CVBS AEIsms H A , A -
N AR EEi BRI, FREMBISUEOIREDY SRREER; 2R 18 ISR W :E 2 Efﬂ = -t HE
TEREETEE 0°C~50°C, <90% RH | & @ L%kglﬁ e nn % E u

i ‘ G, iy, il i

e = AR 1155

| i
Y I
TR i

4l




LAETSMAR SR AR 9 Bt #a R A SN0 57 e T %

=i UN= &I=E E\Z —-—’ HQ Hi~ 2’5.:':.:/ ,\\kﬁ 2 =}
EERTLUARGEARER, FHEMIE MEVS, XSSENERERA, WUBE. Fh. AR, MISSEBHEN, 58 Sl s ST kT e S e el T
e N 12000n7, SRS 1048, RELR— MRS, VEMS i, MEvs/s T FEMARGRS:
oo : e HEEF R, MARSFEREERSEN. AFNESE-ERERE 3 A4, 5K« MEMS el
AR RRAEENATRRE, TR, RO, HERT. T, WHERES . i ialpdicng . SNABEEE

2025 &#H17x17mmR S NELTSETLUALS

2024 ZHeEIIEsUEM, AERE. K7, . Y
2 RIMURFR: 4719201080 8um AR 2R

2023 x#HiE-REMHE T LRSI M LR

2022 IS E AR HEMIER = ARAT S FREALSIER

2021 1280*10242 K5I Rk, FNBHEHBL005+HERE— BN

B, ABEHFRE A 200002, it 28 REHEFE, 9 RSAHELE, wanEs 9 %
BEEFBA 300 FA. SSenETERREaREERETHENeN, me  wnes 284

TS BIRAON, BHABR Erm i, AR BE R, FRRESEE  Bass 20000m?
ERETMEERTSRE. BENEEEEEENR. K. SEEsEmst  srexes 39054
HEE, FHR SRS ATE.

2020 “stura” AEUE=SNARIRTEEERT SN HE

2019 iR TFrer =R AR EM R EEAK

A S RN o

RSB

e 3
i "'»" e e
Jdi ‘i
b5 ER S )
il . 5
T 5 1o 4 ?
TR 7 S cf‘f;b LA e
Efg EiE . mgEL B BN ®wit BRE HiE BEAl S
gt e A | TR SEHREIRH TSR
= N ) . e | WA AT FRA U E R KM ETHIRE
PR - s, O G ES A BIPTUBEE SEBFTLS
AL
3 !:_ = e

B2



