57 % 452 MR OE T Ak Kk ¥ o W Vol.57 No.2
202542 H JOURNAL OF HARBIN INSTITUTE OF TECHNOLOGY Feb. 2025

 ERBEREAAZARNESE L

& MH ME B RAT,T B,IIE
(FETF R TR B 562 TREEBE , KL 300354)

W OE AHANAARAMARBET AR FMRARARER FhfbhE— HRER ZRFT LN, EET YMn, 05k 7 42
AW BB R AL — R BOR B &, I A A BR BRI — 7 i 3 ) & B YMin, O 18 b ) 38 3 X 4t & 8 K AT 4 L
5P FREMGRERRAN HETEAFEMERLE AN TERANWMREATEAENTRED R, HEAE
SARRNABRPFENGEREO ,THSATELRAN AN ERE AR EMENEANTR K6 KELNEHS
HA, BTHEAEL, 443D ZHE 3D TR AR IFIME T 2 K% A7 2 8 & (Mcaton) — KA B9 R A X &, 41T
FRF AR AR AT L AoE RS, B A AR T R AL AR T et AoE RS IR A A A R R, B
iE 7 Mcaton R T LI Pl B ENA M EL AT LD GE DENHERED,

KW HAMKE,; ZREMA EREERNAA; BEWE S/ EFH R

FESES. V19 XEAPRAERD . A XERS: 0367 - 6234(2025)02 — 0057 - 08

Application of mullite catalyst for air purification in sealed cabin

SHI Kai, WAN Xiang, WEN Rui, ZHAO Chunning, YU Men, WANG Weichao

(College of Electronic Information and Optical Engineering, Nankai University, Tianjin 300354, China)

Abstract; In response to issues of low efficiency, single purification capacity and potential secondary pollution
associated with existing manned spacecraft air filtration and purification technology, an integrated technology route
of man-machine coexistence based on YMn,O, mullite catalyst synergized with ozone catalytic oxidation was
proposed. The YMn,O, catalyst prepared by citric acid gel-sol method was characterized by X-ray powder
diffractometer and scanning electron microscope. The results revealed that the catalyst’s surface possesses abundant
active sites, which are conducive to the production of a large number of reductive substances under the synergistic
effect of ozone. This technology route enables efficient, green and low-energy consumption degradation and
elimination of volatile organic compounds, viruses, bacteria and other microorganisms in the air through the highly
active 0" produced during the reaction process. Based on this technology route, a prototype equipment integrating
air purification and virus elimination ( Mcaton) was designed and produced by combining 3D modeling and 3D
printing technologies. For different volatile organic pollutants and virus aerosols in the air, the purification and
elimination effects of the prototype on gas pollutants and virus aerosols were tested in a sealed chamber, which
validated the ability of the Mcaton technology to achieve rapid and efficient purification of various volatile organic
pollutants and elimination of viruses and bacteria.
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Fig.2  Fluid velocity distribution inside the prototype
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Fig.3  Prototype 3D model and physical schematic
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Fig.4 Purification effect and ozone accumulation of benzene under different conditions
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2.2 RE MEEIME

K Meaton $ A T 8 L4 TR 09 78 A8 KT
REJJHEAT T R4 A, 76 20 m® 25 PG P I
Mecaton HEAR XS Tk B B9 TH A BE J7 . 2 M 14K 48
TLEI B S e ICH AU H TN T3 8o B 5 IR

fi5 5 HCoV-229E #7308 2 1.2 5 Mcaton JR Y
BLXT PRI FR B 19 A0 S 3 25 5, 30 min BV AT X6 5e 4R 55
5 HINI JEOR 25352 99. 7% 915+ 4,60 min
WL >99.99%

20 T 53 e FH 2 O R WL 28 R AT I DL
T (O ZIER A ( Staphylococcus aureus ) ATCC 6548 1
hy 4 RSB AR b Ak e PR Bk AR 3R R AT R
( Escherichia coli)8099 A 4H A 254 4 1 fi73 1 T 1Y
3 AR A ER B (Staphylococcus albus) 8032 1EH
28 ST AT A T A Y T R TR i AR
55 YL TR EBOE I B ) AR e S8 B I [ %) 5
PHSEE0 A0 N AT 55 YL B, P IS Mcaton JRRYHLIZ 1T
60 min, 7E 30 min A1 60 min B2 AT AR N SR
R, 9250 d I 3 U, 2 ST B K R I3 IR
R IEAE R R R . 23 4.5 73014
B (O BR A | (0 2 BR A B R A T K T
AR, AR 3 R TEZ SR,
Mecaton JEURIHLT AN ] Ff 28 20 3 ) K 78 2 30 min
iK% >99.99% YRR

*®1 BEIRFE HCoV-229E 41k illizt

Tab.1 Coronavirus HCoV-229E purification test
o Xof B R R E SRR TR L N .
Ty M wigl gk WA s T
(10°TCIDsy -m ™) (10°TCIDg, -m %) /% (105TCIDsy -m =) (10°TCIDg, *m =)
1 6.43 4.68 68.23 4.45 3.16 99.78
2 30 4.25 3.16 60. 00 5.34 1.70 99.92  99.79
AR 3 5.34 2.14 72.96 2.50 2.14 99.68
HCoV-229E 6.43 3.23 78.07 4.45 0 >99.99
2 60 4.25 1.29 83.74 5.34 0 >99.99  >99.99
3 5.34 1.07 86.48 2.50 0 >99.99
%2 HE HINI RBRSSELR
Tab.2 Influenza A(HINL) virus purification test
- Xof HRZE g #E R T SE AR R R N .
SR ;\g gfi:: WAL/ 2874 BPS=21 WilhHe R/ 2/ 'g?:k $2?:JC
(10°TCIDgy -m ™) (10°TCIDg,-m ~*) R/ % (10°TCIDgy -m ™) (10°TCIDg, -m ~3)
1 5.34 1.480 72.33 6.43 3.16 99. 82
2 30 5.34 2.140 60. 00 2.50 2.75 99.72  99.78
PR 3 5.34 2.140 60.00 2.50 2.14 99.79
HINI 1 5.34 1.070 80. 00 6.43 0 >99.99
2 60 5.34 1.290 75.95 2.50 0 >99.99  >99.99
3 5.34 0. 849 84.11 2.50 0 >99.99
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Tab.3  Sterilization rate of Staphylococcus aureus

it B 2 SR
S YR Y& B ]/ min SRR HE/ o WIUR U EE/ LR, KA/ %
HARET R/ %
(10°CFU-m %) (10°CFU-m %) (CFU-m~?)
30 1.18 5.12 0
1 1.28 >99.99
60 1.10 11.43 0
30 1.18 6.55 0
2 1.29 >99.99
60 1.10 12.61 0
30 1.99 9.88 0
3 2.35 >99.99
60 1.72 21.98 0
x4 AEEFKEKNEE
Tab.4  Sterilization rate of Staphylococcus albus
X HEZH SCE
SEHEL & FH A E]/ min ER P E R o WA/ b5 &2 37330 PR
HARIET R/ %
(10°CFU-m~3) (10°CFU-m %) (CFU-m~%)
30 1.17 6.13 0
1 1.28 >99.99
60 1.05 15.50 0
30 1.99 9.88 0
2 2.35 >99.99
60 1.72 21.98 0
30 1.11 11.21 0
3 1.23 >99.99
60 1.03 17.15 0
x5 KBHEREZR
Tab.5 Sterilization rate of Escherichia coli
popiisE:) SEER
S HUEK A IR i/ min PR R " PRI/ TR/ KB/ %
HARTHT R/ %
(10°CFU-m™%) (10°CFU-m~%) (CFU-m %)
30 1.29 6.33 0
1 1.34 >99.99
60 1.21 12.19 0
30 1.21 4.99 0
2 1.29 >99.99
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