TN ISSN 1000-5013
4 " CN 35-1079/N
% i CODEN HDZIEF

s \J

%aﬁf' 5 15

R A F R)

J OURNAL OF HUAQIAO UNIVERSITY
(NATURAL SCIENCE)

%45 & E 4 W
Vol. 45 No. 4

2024

o - S T
CH]NA QUANZHOU | XIAMEN




(EFAEZEZFR(BAMER))
£ t B & B £ R &
The Seventh Editorial Committee of
Journal of Huaqiao University ( Natural Science )

F £ (Director of Editorial Committee)
7k =% (ZHANG Yunbo)

glFEE (Vice Director of Editorial Committee)
% & 4 (CHEN Guohua) #1# — (HUANG Zhongyi)

4% Z (Members of Editorial Committee) (Z¥IKEBENF)

7 & (DIAO Yong) F +3% (WANG Shibin)
x| # (LIU Gong) L7 5 (JIANG Kaiyong)
¥ % (SUN Tao) H £ 4 (XIAO Meitian)
Z Z R (WU Jihuai) KAFH (SONG Qiuling)
KA, (ZHANG Rencheng) 7K =% (ZHANG Yunbo)
4 B 4& (CHEN Guohua) 3 £% (YUAN Baoling)
JA % (ZHOU Shufeng) ¢ A1 #r (ZHENG Lixin)
# o mg (XU Xipeng) FKFHE (GUO Zixiong)

# 4 — (HUANG Zhongyi)  #4# (HUANG Hualin)
2 bt A (GE Yuehe) gk 4 (PU Jixiong)

3

323 % (CAI Shaobin)

F 4 (Editor in Chief)
%1 — (HUANG Zhongyi)



t F X 2 F |
(g %X #H F ®’)
2024 £ 7 8B 5198 HY

F45%5 F4H

B X

85

Z IRV

JEK P B TR R SR TR AT O R

- R4, A&, RAeF (423)

F A Cell SELEX # A # 4 5 15 e 45 o 9 11 36 77 4 9F 56 3t 2

- RER, KRN, AR, L F,

SERMIATH S TENFRIE

. ﬁF !l%}/?\ﬁ

FARIEX

AEFEFREWHEEN G N K%

MOHSAN Ullah, 7 & (439)

WEW, EMHE, E (445)

- MR A,. E3EF, EEL (454)

W& UM B A T A M A S AAE R A4 R

57 15

- EHZE, WAL, B, FRE (461)

DR YN AR = S R P iy

- REH, FIAR,

F G, kZ, RLE ATD



I 0% A% & 15 21 SBS BT B IR K B M L

SRR, R, FE, BEE, NHEF UT)
KB RN =AM K AR RN E RN
- EFE, R U8
Bk R KX KA BT B KT
C By, BT (494)
X LUCC Bty sk i & W R SRAE S £ 1F = TN
C AR TAR A - e A AR, PR AR A F - b L, WYL
Ak, W&, A, T, BAEM (50D
SRR e W BREREZT A, XTE
SR, HRT L ARIRAR, EHL, 4, KA (514
4 1 #F Gray-Scott B A By — I & AL Z 24 X
C S, BB, B (524)
3 %4 M Schrodinger 7 12 By £ 4% B 2 B & 4% 5\

- BB, BRTAL, MZ A,

2
m‘\#

% (534)

HFIEARSE . CN 35-1079/N % 1980 * b x A4 x 120 % zh * P % ¥ 10.00 * 1 000 * 13 ¥ 2024-07 * n



JOURNAL OF HUAQIAO UNIVERSITY

( NATURAL SCIENCE )
Vol.45 No. 4 Sum 198 Jul. 2024

CONTENTS

COMPREHENSIVE REVIEW

ResearchProgress on Degradation of Ionic Liquids in Wastewater Through Advanced
Oxidative Processes
- CHEN Xiaoyuan, JIN Chunying, LIN Jinqing (423)
Research Progress of Aptamers Using Cell-SELLEX Technology in Cancer Targeted
Treatment
. CHENG Zhiyun, CHEN Jiayi, BAI Ruyu,
YANG Huiyong, MOHSAN Ullah, DIAO Yong (439)
Research Progress on Multi-Landscapes From Multi-Dimensional Perception Perspective

-+eeeeeeee QIU Jianzhen, LIN Jiaming. LI Yating, WEI Tong (445)
ACADEMIC PAPERS
Numerical Simulation and Wind Tunnel Testing of Coach Rear Spoiler
- YANG Yongbai, WANG Jingyu, ZHUANG Guohua (454)
Probability Prediction Reinforcement Learning for Variable Impedance Force Tracking
Control of Robotic Arms in Unstructured Environments
- DONG Zicheng, HU Weishi, SHAO Hui, GUO Lin (461)
Modeling and Optimization Analysis of Energy Consumption in Rough Machining of
Robotic Stone Carving

- HUANG Jixiang, YIN Fangchen, HUANG Shengui, ZHANG Shunde, GU Lizhi (471)



Effect of Temperature and Humidity Coupling Cycles on Performance of SBS Modified

Asphalt Mastic

- TAN Bo, FAN Yuzhu, LI Qing, XIE Enlian, LIU Jingshuang (478)

Evaluation of Conservation Value of Historical Building Heritage in Hong Kong Region

Using Analytic Hierarchy Process

- LI Ziying, YANG Xiaoxiang (487)

Evaluation of Carbon and Pollution Synergy Reduction Levels in Atmosphere in

Guangdong-Hong Kong-Macao Greater Bay Area

- HE Sinan, SHI Longyu (494)

Spatio-Temporal Dynamics Characteristic and Multi-Scenario Prediction of Carbon

Storage Driven by LUCC in Ebinur Lake Basin

- BUWEIAYXIEMU ¢ Tuheti, ABUDUREHEMAN -« Halike, YAO Kaixuan,

WEI Qiangian, YAO Lei, TANG Hua, LUO Jianmei, DUAN Yuefan (501)

Weld Image Multi-Label Classification Algorithm Based on Multi-Feature Fusion

- NIU Dun, LIN Ning, LIN Zhenchao,

HUANG Kai, WANG Hejia, ZHENG Lixin (514)

Second-Order Linearized Difference Scheme for Nonlocal Gray-Scott Model

- CHEN Xinyan, ZHANG Xinxin, CAI Yaoxiong (524)

Runge-Kutta Collocation Scheme for Nonlinear Schrédinger Equation

- YAO Mengli, TENG Yuhang, LAI Yiying, WENG Zhifeng (534)

Serial Parameters: CN 35-1079/N % 1980 * b x A4 % 120 x zh * P x ¥ 10. 00 % 1 000 % 13 % 2024-07 * n



ERGE I R LR WO RB 2% MO Vol. 45 No. 4
2024 4F 7 H Journal of Huagiao University (Natural Science) Jul. 2024

DOI:10. 11830/ISSN. 1000-5013. 202407036

BERHETRAESRELERTARERE

e, AR, he R

(1. TR MBRLE S TR2pE. W HI 361021;
2. R L TR, M JE] 361021

WE: &7 Gonic liquids, TLs)J&— 28 B A R EEPE A B 2% A 8L (R ALK i R X B m L R 5
b BOKHE G AR A RGFE SR PR HH AW AR AR e M LB AE W B R W E M AE Ttk
oA b — KA Y) . R A A A (advanced oxidation processes, AOPs) J& — Flt 5 &% [ i xE & i &
BLTS G 0B B2 A, © 4 T 0 AR I 7K T B0 8 VAR o S v 36 3R 23 1 0 288 25 i 4 1k L BR AR S Ak L L 2F 4 AL
A AT SR A O I 4R Ak B2 R S 4R T S R R SR 5 AR R e AL 3R K v B VAR I 0T O O R 5 2 R
TG & Fh B AL T AR 19 A5 3h 1 2 R SR ATLEE | B A 3 A2 RV i o s DA R B R 45 8 1 S0 19 B PR 7 % £
JRE 45 DR Kk 8 A 52 7 P9 2 e R o A5 LRI T T A 3 o] R R B AR I A Ak 3 YR R 1 A SR 1 BIE 5T
Ty ) SR SHEAT TR

KW B FWR; SRR Kb AL R

FESES: X703.1; 0645.1 XHFRERD: A XEHS: 1000-5013(2024)04-0423-16

ResearchProgress on Degradation of Ionic Liquids in
Wastewater Through Advanced Oxidative Processes

CHEN Xiaoyuan', JIN Chunying®, LIN Jinging'

(1. College of Materials Science and Engineering, Huaqiao University, Xiamen 361021, China;
2. College of Chemical Engineering, Huagiao University, Xiamen 361021, China)

Abstract: Ionic liquids (ILs) are a class of emerging materials with special properties, but their solubility in
water is relatively high, making them easy to enter aquatic systems through wastewater discharge and accumu-
late in the environment. Their structure is very stable and difficult to biodegrade, making them a persistent
pollutant with potential biological toxicity. Advanced oxidation processes (AOPs) is a new technology which
can degrade recalcitrant organic pollutants efficiently and has been used to degrade ionic liquids in wastewater.
This article reviews the research progress on the degradation and treatment of ILs in wastewater using various
AOPs including Fenton and Fenton-like oxidation, anodic oxidation, electro-Fenton oxidation, photo-oxida-
tion, photocatalytic oxidation, photo-Fenton oxidation, and photoelectro-Fenton oxidation. The review mainly
focuses on discussing the degradation kinetics, mechanisms, pathways, advantages and disadvantages of these
oxidation technologies. Additionally, the impact of operating conditions, anions and cations of ILs, and side
chain length on degradation reactions are examined. The current challenges are summarized, and future re-

search directions and prospects for AOPs in the degradation and treatment of ILs are proposed.
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Fig.1 Most commonly used cations in ionic liquids
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PR o B8 5 TR R R A2 i T AR BE BRI TOC,

Ren 2570 SR H i S B R AN (PSR 1-J 3-3-H L mkm s £ . 45 R0 % 3 TR 7E 60 C I
2 h S T 50 A R — N R FR BB 2 T R PSR RN R UK pHL (B A 3 KT R K fEL) B
B X0 3 22 3R A 52 e AN W]

b AL A AR i L 32 R A A 3o AR v A T T U AR K KU . PR L, Rl Fedorov 2857 iF 58 T H
TR R B4 (Na, CO; « 1. SH, O Ho O, 224 B AR A 5 956 A 9 VR PR LG W okt 6 8 041 1 O
$e 7 pH A EAELH .

H e A 7R £ A ] ) 3 ) 2R AR ) A S A SR AL ) T B pH (B IS S L 9 e
TG YR I AR I AR IR S R BRI E R R T Z

Munoz %05 S A0k 387 1 FH A1 88 Ot 20 B0 0. 426 A0SR I o T B Ak R s 845 5 1 V14
I BB 2 . S5 R WA 90 C,pH=3 KAHF H, O, R RN, Y be FE8E 191 B
2 ANBRJE TS Sk 16 ASBR IR T B 576 B2 FEAIE CTOC B AR R M 44 % BRAREN 33 %) o LA B8 b 34 1 )2 i
HORT R H Fe, O /c-AL Oy BRE BRI R 1 LT Al LIZ S AT,

Mena 5576 Fe 7 287 8 128 15 7K 15 U8 #A % K AR Tk 3R A5 (9 e S b1t 1=, 72 80 C . pH=3 K fiifk
R EN 0.133 kg« h = mol ', H, O, HiE NIk i T AL FEfE 1- T 36-3-F JLoR e 85 2 iR 46 .
G5 K] AEIZAT 80 h A I ] SE 88 v L 1 FeCly #AiF il 45 14 44 Ak 751 22 B MR S5 ey 10 8 PR AR 1% . Me-
na ZE5 R ST T B S A R IR R e SE DN BE A KN Fe, Oy /c-AL O, AR M 1- T JE-3- B L R mk £
sE . 25 SR SR B 1 SR B B ARDBL = i H ol 19 35k ) 7k SV i ) 5 1) o — ol 8 B0 Ay
W I 1 25 5 Be SR 6 R 4~ 10 /i S 1 0T R WA 85 AR 19 2l ) 27 8 B AR AR AL AR A R B B
HHER RGN, TOC B ff N 40 Lo 88 m 50 %,

Zhu S5V S 4 A4 Fukui RS 10 a8 58 T T PP 35 DR ek 845 B0 7 VAR 190 245 ) 6T 25 1 ¥ £t S 17 1)
S RN B A A% . S5 SR AR i B B 7 AR L DMIM ][ BF, JFIL TMIM ][ BF, ) b it + 74 &5 7 1A
[HHIM ][ BF, JfIl HMIM ][ BF, 1% -OHYt & . X2 LR FERBEMITSE S0 f A H. 450
XFFRPESE N T EA HLER (TOC) I8 J5 1) b 38 48, = H BRI iy LTMIM[LBF, ] R e flk iy TOC %
R 0% R s 1% X AT BB TR Oy C2-HHR IR ROR | SS 1 C2 1y f A fH, 35 2 i W BRI 2 808 7 IR
A 1 25 s I P A 55 L R R AR AR 1 &

Liu 252 D) K & % MOF ([Fepyrazine[ NiCCN), D) 3@ 5Bk & B T FeNi 44 44 4 1k B 5k 76
e 4 K A (CND) Hh (i AR B AE 2 IS A Ak 0] OF F s Ak il | i Rk (PSR /K b 1-T J6-3-H1 3k
WK s S AL ) B TR . B SR T A B A AL R CERUAR TR Y b 2 3T B 0R (RSED = V5 Y W) R fift 128 7R
B/ A AR EE R E=0. 038 8) It Fe, O, HA B & i fL % M (RSE=0. 015 5).,

Jiang 5% DU I (CVDFE Ky Cu P8 78 He 1 17 B R 2 4K% HOR Cup SL il 4 17— F 3D 43 )2 i 7e 25 7
2 5 AL ) Cu, S@CM(CSCM) , 5 H i f& CuO@CM A Lt . CSCM 7 17 b 2o 48 Ak & 48 AL B i 1-
TTAE-3- R s R YA (LC MIMLD Hp 32 B W v A9 e A 0 1 o IR Dy G 3¢ 300 o O A g ol Ak 2
A& AN SR A s » H CSCM [ [ C, MIM 75 Ak fig E.=8. 6 kJ « mol ', bt H AT & R I8 A9 SCHR B #6/h. Bk
Hh, CSCM ik & 7R 5 7E NaCl A K A7 76 N 1 b i 48 Ak AR i L C MIML ) e 3 1 AR E 1

1% G5 25 W A A 12 AR C 7R A B s Y i Dy AR B T 52BN AR AR FE pHL(E B R B OR ZE IT
BEPEATRRBR IR T A R S 5 e A DL R K A RS R R RS AR R A BR T B R S L
PRI 0T AP R B 90 3 32 B SR AR 2R 25 W A 1 B 90, LB 28 T v 00 8 e 5 1 B 1) PH 2 1 (ELIE A7 A
Ak 2R 0 AIG LA B A A6 790 10 40 2 R AN 08 135 55 ] i
3.2 BEHsEiE

LA B AL R B TR AR T 2 L R B 05 e W 9 RO s © 0k — Tl R A i3 1Y
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B AL BB K A BRAHT B o BRI A 7 3500 PR 2t H AR o KA PR 26 1 R A SR AL
7 AR 4 0 1 T L R P HE A 10 S ) ELAE B SR A R ik AT RE IR S R L S R S
AL J5T 33k 2 S R ) TS R 408 T4 ] S A R A 0 35 e . R DG S K

H.O—->-OH+H" +e (D
2+-OH - H. 0O, (2)
H,0, - O, +2H "+ 2¢ (3
0, +:0 — O, €9

P S8 A 7 o 0 5L K o 2 S SRR 5 o R 2 5 B0 K S A A
AR A B o A e R S MR LR R

2CI"— ClL, + 2e¢ (5

Cl, + H,O - HOCI+ H + Cl” (6)
HOCI=DH"+ OCl™ (7

2807 — S,08 +2e (8
2807 +-OH — S, 0 + HO +e (9

FL A AL ST 15 W] DL B A B AR R R A . 32T R 1 BB AT DA T AR X R A Y Y
Wy, WA FAR AT LA™ A i S AR & iR Fe® ™ b J5 T DL g1 & 2580 N, 8% 0E B J& — A B & s s A
BEFR A F SR SR A IR o A SRR — 2 (P 4R A 2 S SN A B R B Fe (TID 25 45 W) B 3R - T %
R G ISR A AR L A RO R B AR L A 35 Pt.T1rO, , £ 8L PO, . SO, , TiO, FIE i 4 R A
(BDD) , & FH F B 7 70 M 1) A0 S AR R A . BRI, % B8 1 IR 43 CRH B 7 R B 8 1) L Ha A b
RE R DA H A T 2 TR R R S I R AT T RO

Siedlecka &M F 2012 4E Rt i T UL PbO, E Ky BH % (145 cm®) . Na, SO, 1E N H i i (87
mmol « L"), 3 s2F BH A 42 Fho A fife K 1 28 1R (AR 0 QP TV . 45 R 3 I, wkomse P85 1 BB 0 ok o6 42 25 B
b2 5 S (COD) 1 5 BR AT LK B 69 %0~ 97 %0, g JEAMBE A9 K B2 AN 4 A B S 1484 i 1) 8 A JiL 1
23 B A AR WA 00 6 b 90 AT S 2 (1 B MR T M LB A P BB R EE TN 4 A e h e L'
JnE] 8.5 A+ he L', Mena " ffi i BDD fEFH#K , H, SO, fERHLfF (3 g« L™ FEA# 4~10 ki
T 11 e B0 1 R e VAR L R AR T 2R 2

Pieczynska 25" 1 1 i Fl BDD PH#% \Na, SO, B G (3.5 g « L) X 4% Fh B 7 B0 7 e ik it
A — B R R, 25 R R, R R A FE AN 4 B SR -3 2 6 AN S I HE n (FE 25 C M
pH=6 T,0.019 7~0.022 2 min "), BRI B 1 {4 B 55 Eb nlk w15 V00 o e o8 fip ookt 3 5 50l o
0.029 6F10.034 9 min '), JAb, KK pH {E B P I B 5 800 1 B A 236 e 5 I 7E 25~60 Clg
BBl P 12 5 i T O A o I A 5 A5 B B I A R

Fabianska 25" BE5E T 6 FfAS [m) BH 55 1 X6 WK 088 845 35 7 1R e ik 1) B2 0 . 285 SR 6 I, B i A &) 1 g
R 5P Ay« S8 A 00 = V5L ) = U S B IR e = 7S Ut R > = U P B R T > X W OR B iR k. AR 1
FEAE S T WK 85 BH B3 - 1 R i 1T B2 A6 F i b A el AR v OB Al T 5803 IR IR SRR B T 55 00
BILT5 Yo 0 8 Sk EL AT 05 2 %) vl T 7 0 T A PR A i 2 6 B 5 1 el 1 2 5 4 S A % A 1T BELAS: T FH S 1 11
R A . Mena 555 AE DL 1- T 56-3-F R mE Oy BHES -, 4L £ 1R 4k m3O00 = 350 R R I 35 ) 19 0 e Ay B 25 T
R B YO0 PR R SR AL B A R AT T 2R 25 2R . TRl B9 38 R IR TE WA FEL AR I I DL F - el 13
PEAAAL - TR AR B S 7 10 5 fige 30k SR e 22 1T 00 C = 9 P 6 P i ) T STV ) 5 7 PR A 11

Siedlecka % W 5T T N [a) BH AR A4 AT 85 F WA 1) BRAR 0Pk B A i g . 45 SR 2 B, IrPt AN Tr O,
PHAR SR 45 2%, B BT T A iR T 4k 2238 M s M R, PO, % B il 85 T A2 30 R S g 52 4 LR 5 &
W B4 » 1 BDD AR (1496 P Je b o] SEBL T 8538 80 %6 19 COD £ BR 3 . Bouya %/ ffi F§ SnO, il BDD
VE PR , W52 21 BBD BAAR AT 25 1 10 1A 14 Fif it Jue A5 %80 COD R BR3EL T 85 %,

Mena %547 %6 e A2k I 75 5 (US) 32 3 B AR AL ORI BE 1 b AT iF . &5 SRR 0, FEAR Bk 4
B LA P RRE AR R AR B 5 2 AR PH S - 10 R A R R S 5 US A& B 1-T JE-3- 1 Rk e 55 &
FRERET T A R A R AL — P R RO 1.80X10 ° min "B in%] 1. 15X10 * min ',
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Garcia-Segura % L BDD Ry B » 25 4 B AR Ry B30 o B A8 T FH AR 4804k« R 25000 0 O f 25
1= Je-A-HY L bt 0 845 S0 AL ) A 1- & -3 WY LR e 835 S AL 0 O R A o 2 SR 3R WD 3 = b 7 125 0 Wik I 15 1
TR B V8 A M A DL (DOC) 1 86 figp 25 8% 5 A R ARL o 7T 0T K A8 B85 VA o #2300 R1 ' Pl 251 1) Ak 3380 2R
LU BRI AR AL T A R, PRI WA 1 R P AT A RCR T y « H AR <<H SR <D ML 2R . S P
Tk BR T BCAALSN 8 At H O, g AR R A S otk . i T Fe'' b Fe' " B4 S 5 R
b AR v AR A R R TR TR BSUIC 45 400 T 52 W) P, 2500 A e R 8038 3 R TG 5 ) T 5 A BRI 2 TR O
2o PRI Ot FL -5 e R B A AR B

Peziak-Kowalska % 38 0028 3] , W 2R 00076 0F 28 56 — W1 3L (4-S-2- W R RS 30 SRR i 1k
J3E 376 15 T B BH AR A P s R A% BH AR SR PR 7k (80 %6 X 25 %6) . Bocos %57 Fil BDD BH #% Al ik £ BH A% BfF 5%
A E i SO = AR P R 1T R -3 Y K ne S5 H S A A s e . 4 R T Y R R R R 1 Y HL A
BT, FUE i TR A . B AE B AR SRR B0 T L S B AR Y B o B I b T
SR EL B iy B A AR A Dy R R RN SR R T AR B — BB A R AL B el DA BH R T Y A D
B R R R B S B B S E (0. 075 mmol « LT NaNO,) , 5 bR 1] 15 3] 99% . Arellano 20V 1 #f 57 45
RELH].BDD 78 1-7 Fe-1-HT bt w6 e 1y v, 25 9 je fige ob 1 T, Oy 38 BH B SE A 20, LT ] DA B8 - 1A
e k. Arellano %5 FE 1-7T 3~ 1- B 3 nit 0 Jo 845 516 40 1) PR AR R b, 25 0 484k vh i T T b 40— B 1R
th(PMS) G5 R R W Fe* ™ REE BB A9 1E 11 .

Bocos 855 {1 F 1 35 IR 42k Bk 058 Je R R ATk ™ - 3R & o Tt VA 98 TR 6 B A M 4 A 790 AF 5 ik B I A
H1 BDD BHAR (14 3F X5 A0 H 25 00 5 A R o 5 1R AR . 45 SR R T ke B VR R LT 8 e p T Ak (H Rl A
BESEMIBE A BE N 2 A 5l 7 3 m B 6 A Bk 5 - B R R BRAIK, 43 90 O 9026 A1 80% . SR, Poza-
Nogueiras U FEMMAKTIREEN 5 g« LBEE 1 g« LGRS T HAFIETR H D Fe'™ S &
HWEBEEAmEREE THEAFMEI R, Arellano 2PV B TR B0 9 . 035 80 & 20 F
WEER T FE L Y B A PMS B90G AL, IF H T REAR 1-T 8- 1-H SE b g e 85 S Ak 4 45 SR 28 WA B2k 0 0% 1 e ey
HREE .

Diez 457 DU KB Bk A 3R 4 7 & Fe A1 TiO, XU A 0 HL 25 10 A0 6 A A S AL AL 750 L 98 T 1%
fift 1-T HE-2,3- T HURL DR AL W B TR AR . SRR BT L2 h X B IO R 2 BR AR 4 h X TOC 1)
EBER,UV/TiO,-Perlite 23 9l B4 40% F1 096, UV /Fe-Perlite B 251 43 51 7] L ik 2] 80. 8 % F1 64 % ,
UV/TiO,-Perlite Yoo 25§43 ek 2] 82. 0% M1 61. 2% , UV/Fe-TiO, -Perlite Yt i 251 W) 43 51| fiE 35 2]
93. 2% 81. 0% . ULHIE Fe F1 TiO, WL Iy AE G L 25900 4 Ak 77 9 84K e 17 L RB 6% 55 AR = 1 07 1k
o KSR R U R A v Ak AR B TR S T ' A Ak A U R 65 0 — 2B S R A F 2 A fid )
(6] 77 4, - HL G 55 BE A% R 3 4y i 4 5 R 8] 7= 08 S 4 A L 8 Fe ™ 13 28 A, SR R 6 L R 3
e AL BRI G — Y W L.

Arellano &5 L BDD 8, Ti, O; A B4R , 5 B R B A Fe®™ 21 B L 25 4 Ak Ak #1 1- T 3-1-H
FE b e STAG ) SR IS 8 P 240 T R R BB A X G Ak B S 0 2 K AT A A AL B 2 R SR H S
Ak B RE A (81 28 T IR AR 1 S BRRR B 9800 5 i — B AE AL IR BE AR RS . TOC FFRBR 1Y) 25 B 43 ik 5] 784
H67 Y0 i R FH A A A R (R 8 o S5 4 Ak 3R BF TOC JL-F- B AT BRI o A 4G T 21 45 PR 1R AR i .

MEL EWEFE A U ) BB S8 AL BE 08 A S50 B A 25 R . TE R Z R B0 L B B AT DA o & 25
Bk 0 AL 3R AR & T BDD FAAR © B E W2 5 A0 o DKW 2 A L I g 28 1 VAR B AN ) e
i 3 23 Wi e R O B B A G TR B . el T R R B R B SE 4 A WL B R AR AE S R R B AR FH
BT RS 5 A A s UV SRR US (1941 6 RE 2 5 35 0 BH AR S84k 19 % i e
3.3 XkBEME

Ot B A I R R AR SR AR /T LG R (O A AR A B A A T 7 AR R BR Al % 4 A fl 2k DA i
YR AR . AT DU T AT 0 o U R A AR AR R R S R AT 40 28 SR AN R R A 5 AL
(UV/H,O,) AN G50 H R (UV/PS) (EIMR R T 5 R (UV/ 50 %,

£ UV/H, O, 1L R, 95 6E i 19 28 S5 G RE B3R 1 AL &0y 7 7= -OH H i 5607 . 78 UV/PS
PR SETE BB BR AR [ R LR BB K A RO AR SR R . RE Y R 5Tl
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S, 0f 4+ v — 2 -SO; (10
-SO, +H,0 — SO; +:OH+ H"' an
SO, +HO — SOf +-0OH 12

FEHE AL EAL T B SRR R O TIO, . 78 SE AL R R b M i SR R R IR B S
Sl AR PR LA R R A X (U707 h ) SR DA e B b S VA R R R A — AR SN AR IR
B R B RE A B AR PR AP 4 TR AR S

TiO, +hy — e +h" (13

h"+ H,0 —>-OH+ H" (14

e + 0, >0 (15)

2.0, +2H,0—- 2 -OH+2HO + O, (16)

= — @)
h Photoreduction Degradation byproducts
\4
/ Recombination 4 N‘)imerization

)
g
‘ & 7 Hy05 +e” > HO+HO-
b Excitation Dimerization
v Valence band (+h*)
& + 4 4+ y Photo-oxidation Degradation byproducts
H—0

B4 G AL B T AR L R
Fig. 4 Schematic diagram of photocatalytic degradation mechanism of ionic liquids
¥ 4 8 R (P, Au 8 PAZ5 G 3] TiO, Fim 1, T LU &5 H AR5 Yo 10 56 4 1k 43 i 550 3R sl B IOk
AT

O By A 1 32 B STE T IR R AR AR A5 G0 R 2 R IR EE N g o i G B 5 A A R
P18 J AR A 8 33X B AR PT LA 2ot fofF D A PR SHe BRI {HL 7 2 45 3 1) 4 Ak ) -

Stepnowski 5 H A T =R 0L E 6 S AL S B CERAMR SR AT UV/H, O, #il UV/TIO, Jefifb) 78
FR T S0 i DR S5 B TR AR . S5 R E L UV/H, O, B a5 A R - AL b o i F 5 4 ks A
R 1-2, KL-3- 2 KLk e 85 B ME [ A . Banic 202 BF9E T Ti0O,/H, 0, ., TiO, . Fe/Ti0O, /H, O, 7F 5 % f1 48
AN R BT 6 R e L B TR B R AR . 45 R R, UV/TIO, /H, O, B RER Be &  T 16 35 58 5 60 3 F2 vp
Fe/TiO, H,O, (3 B & &, UV & By 1k & 9 ¥ 66 51 ¥t UV/TiO,/H,0, << UV/TiO, <
UV/Fe/TiO,/H,0,<< UV/H,0,<<UV KI5 FEAK .

Calza & W58 & B, % F A R) (4 ML E 28 7800, B4 0% 19 sk T DA Z0 W6 AS T, SR T 24 4 200
mg + L'y TiO, X AH [R]85 W0 AR 2R 47 A Al AL B nik e 85 FH 25 7 T AFEAS ) 2 h (1 B[] N 58 4
B, da Silva &R 45 R R W] LR UV/TIO, 78 TiO, 44 700 mg « L "B, &4k 1-T %&-3-H
B R A 11 8 fipe 3R T 3R B 50 00, 1 AN FH 5% AR S I R A R LR R R 700,

Morawski % 0F 58 1 0 E 85 L WK IR 85 R 63 0 S5 AN [l Bh 2R 88 IR I BRI 00 . S5 SRR A S
e figp 118 2 IS 2 L K e R e A 1 0 WA T R R R 1) 2 B S VR R LGRS 2R ) L B Tk
1) M AR 5 2 B S e 5 0 WO AL R A (85 Y6 ~ 97 %0 ) T MRk ISE 545 71T IO e 45 285 - VA A7 1 o fe o
AR 451 (33 %6 ~ 73 %) i 5+ .

Pati ZE1 BT AN [R) Bl 28 169 B0 —F T 1R (o ma 845 . itk e 845 A DR BE 85) 76 HL O, , PS G I 58 41 4k i B
TR . 5B EPLTE 1 mmol « L1 H,O, SE8rh, B BRI [ by 5L 02 O 9 F ., 78 B 20
min Ji . 1- T 3E-3-F ZEDRMR 84 70 1- T FE-3-FH BE ik 84 (10 mmol « L™ AL BR R0 514 43 %0 F1 14 % 5 1M
f£ UV/PS(1 mmol « L' K, S, O) 255 o, (i TARBR A B e L0 VE T, BHES TV B MRS s, BHES
TARES 5y 5 8 FEFNBR R AR SN » — 0 3 3 R E43 ) Ry 1. 22X 107 ~ 8. 5X 107 Fl 0. 08 X 10° ~1. 7 X
10" L« (mol » &) 7' $Jg . 78 UV/ G SZ 50 v al DL SR 51308 5 [ p 35 o 1] 0 5 i 25 58000 B R vl ATE i &2
Fh &3 H B YR (CL L CIO™ %),

[4]
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Pati 380 E T UV/H, 0, , UV/PS F1 UV /G [ AR 1- 1 3-3-H JLmkms 85530 2 vh 38 3 i 3619
AW UV/H, O, REAE 8.3X10 " ~2.2X10 " mol « L' Z[i],MMi7E UV/PS fil UV/GARYIEH T
FRIE B R PR B R (430 2,510, 7.6 X10 Pmol « L),

ot b AL B b AR R S B E B AE . 7R IR R R A R, TIO, 2 B R A AR
Gomez-Herrero % IF 53 45 J W1, 76 0. 25 g « LY TiO, F1 600 W« m® K BH 58 55 R k47 64 4k 4k
LA 1T A H IR e SR RN S AL 1-C S5 -3- H SE DR E 855 FT LUAE 24 h N SE 4k, TOC £ B 243
Sk 28 Y61 35 V0 o Wik e BH B - b Bk i BH B8 5 45 5 B A

Spasiano Z 5 FFGR 45 KW, UV/H, 0, 78 pH=8. 5 B 86K M 2 Pk JE 3 m 3] 4 A5 T 1
T R RO 3.69X10° Lo (mol ) MHEANF] 5.52X10° L« (mol + s) ', [EEE,Pati 27y
WLEEH] B FERE R A 2 A JE -3 i 3 10 AN e I - B 0 R0 R H B 2. 57 X107 L+ (mol -+
$) T UHENE] 8. 47X10° L+ (mol « )", Calza % BFFT T 48 Ml A6 X 0tk B $55 28 B8 V81 19 K 1
GEILRWY B AR N 2 AR IR RGN E] 6 AN e SR B L BHES 58 A B R T AT A B TR 120 min 47 5 3
30 min AT DL S HR s T AR B 4 v ] A

BF S 1 X6 85 T AR G AL B e ) s2 i 5 L T AT 26 . Morawski 8857 (1 F ¢ 25 B 26 B L ik
MR 2H 5~ YR A I S0 23 198 Py« == 35 Y i 2 R << W SR P 5 <N U PR h << L-FL R $h <<DL-ZL PR %
Calza 8E° [ AF 55 45 S 2 W, S0 1 s D 600 52 6 [F) 225 - 1% M W 848 133 7 V0 04 30 o 6 i 0 g it 1) R 3 A
oL AR IR B8 F WA (1T 1Rk nk e 85 38 1- T 26 -3~ R 0 £k nlk g bk 885D L B AT B ME P % . Bedia
FUR R A R R A = (RO S ) = U R BH B T 1 R e 845 B VR AR B A STk A R Y A R
B AR E A S (30204 802D,

Ahmad S5 BFSE T B 2% 4 RV RORL TR B A 1L 1- T 36 -3- B IR BRIk SR L AT 3R TiO, 1
AL TR TR 25 B W] L 7E 60 min (14 5 B 18] 7 . TiO, / Au @G AL K f He 3B 38 2% TIO, 3 T 7 4%,
H TiO, /Fe #8m T 3.3 f5. TiO,/Au MEALFIE AL SOR 1932 55 2 th T84 Au i) TiO, 1) 14 7 3L 5l G
WG AR AR T Y R B A S BT A KRR - O, il -OH A 3.

Kaabeche % ™ 53 T ZnO Fl TiO, (P25) %R Ak 1- . 3 ik e (4 6 A4 AL B f . 25 R W 7€ 120 min
W UV-ZnO94 %) 0 4k 38 B2 b UV-TiO, (88 Vo) P 4545 Wk — G I 8l J 2 A, V-ZnO 1 3 55 %
TERRME S R i (£=0.096 1 min ', pH=11),UV-TiO, £ MR & T i 8 25 5o & (k=0. 128
min ', pH=3),

da Silva ZE5YBFSY T A8 Ak 97 28 00 BR A Ak R0 (ST 78 2 40 R AT 0 BRSO i Ak B A Ik noe 545
M ATEWEFE T8 86 (100 ~ 25 %00 % — S Ak ik B Bk 1R 70 (Mg/SiTD 1 52, 25 5 3R B, fi k7] Mg/
SITi FeRE e TiO, A Ak i 7 M 5 i  FLRE S i AL 70 Mg 8 2% 5 i 30 B8 7R 7E 60 min (4 1) 25 BR
KM 50 % (1201 Mg/SITD % 65 % (25 % 1) Mg/SiTi),

Rauta 57 LL Ag #8244 SnO, il £ T 90K F AL Ag-SnO, , I FH T M AR 225 56 85 1Ak . 25
BLH G B ER Y 3. 92 eV FFKF] 3. 05 eV, 5% Ag-SnO, HELHI (0.6 g« L HFELAM-A] L
J&F B 300 min BB A5 KM% BT A 15 e . Zhang ST LUFE AT L X I EL A JR) B3R 1T 45 R SR 4R
(SPROMFE F1A G 8 Ag 5 Pd & M T 5450 I G AE AL ) Pa@ Ag, i 1k 3o i B2 B A 18— Pl 84 1
FEAE IS A A I T T R 1T S6-3-F S mRmk R L . 25 R B, 7E 420 nm v] BB R RS 12 h, B
TR RE R T R 5 74. 210,

Guo ZE W FE T R FASE LA BH X CRUAT » X 6 Ak @ R £k (KTO, , PD, AR A 1-C0 3-2,3- —H 3%
DRy ALY (CHMIM [ Br), 25 R R E /R sk & M A A CHLE FIE L AT HE T
(CHMMIM ") 1) 2B 2 AR RE IS 5 90. 0% LA b H IR B 7 A 9 EL o BUB W IR IR 48 BrO; . Xe 4T/
P1 Z4 [ HMMIM | [ KA A5 DU Rl & 42, 4045 C— N /st C— C #2452 34k L o 480 F X485 7 I
N, Hop g2 PICPT < )R BT EMIMEM . PLx A7ER -OHA 36 PTx B4 50 A58 40
di[HMMIM ] R fig ) 73 % F0 21 %, B4 M sk LA 6%,

Wang 5 W58 T FREUR BROE RN B RO6TE 1 PS FEff 1-2 36-3-H SEnkmp b . 25 0 76 25
CHI A h NE TR MFREE T 99% ., DFT 455 K. [C,MIM |Cl 1 5o pl v s i 35 5207 5
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JEPRMERR b C IR HUOR e S M4 [Co MIMCL g i fiff 32 B2 38 2o ok s B0 480 Ak . C— N gk 7 288 A
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Abstract:  The characteristics of cell-systematic evolution of ligands by exponential enrichment (Cell-SELEX)
technology as well as the application progress and challenges of screened aptamers in cancer-targeted treatment
through this technology were expounded. And the research progress about cancer-targeted treatment applica-
tions of aptamers as drugs or drug carriers were reviewed by consulting relevant literature in recent years. The
results show that the aptamers screened based on Cell-SELEX technology have significant therapeutic effects
and can be developed as potential drugs and good drug carriers in cancer-targeted treatment.
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Numerical Simulation and Wind Tunnel
Testing of Coach Rear Spoiler
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Abstract: To investigate the effect of rear spoiler on the aerodynamic characteristics of a coach, a combined
method of numerical simulation and wind tunnel testing was employed. This study examined three types of rear
spoiler for mass-produced coaches in terms of design schemes, positional arrangements and variations in incli-
nation angles. The results indicated that a rear spoiler positioned on the rear wall of the coach body, with a
smooth transition to the curved surface of the rear wall, an optimal distance from the rear wall, and an appro-
priate inclination angle, achieved significant drag reduction. Specifically, it reduced aerodynamic drag by 11.
8%, produced energy-saving effects and facilitated dust removal in rear window.

Keywords: coach; rear spoiler; wind tunnel test; aerodynamic characteristics; numerical simulation
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Tab. 2 Variation of drag coefficients of three rear spoilers
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Fig. 10 Side view of rear spoiler 1 before and after modification
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Abstract; Taking the machining processing of white marble using ABB1200 type stone carving robot as an ex-
ample, the energy consumption characteristics were explored through modeling and analyzing of the energy
consumption of stone carving robot processing. Firstly, based on the Taguchi method for planning experi-
ments, using Minitab nonlinear fitting to establish a regression equation between grinding process parameters
and grinding specific energy, an optimization model was constructed with grinding processing parameters as
variables and the minimum grinding specific energy as the optimization objective. Then, the processing param-
eters of the lowest grinding specific energy was calculated using a simulated annealing algorithm, and the ener-
gy consumption characteristics of rough machining using stone carving robot were analyzed through experimen-
tal data and algorithm optimization results. The results show that to remove the same volume of materials, the
energy consumption employing the optimal grinding parameters under the goal of minimizing grinding specific
energy is reduced by 38. 4% compared to that using the empirical parameters.

Keywords: robotic stone carving; processing parameters; Taguchi method; energy efficiency; simulated an-

nealing algorithm
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Tab.1 Orthogonal experimental factors and levels of grinding power

K 2 Kk a./mm a,/mm n/r* min ! u/mm * min_ '
1 1.0 1.2 7 000 700
2 1.5 1.6 7 600 800
3 2.0 2.0 8 200 900
4 2.5 2.4 8 800 1 000
5 3.0 2.8 9 400 1 100

2 BHIIAREIE SRR AR

Tab. 2 Orthogonal experimental data of grinding power

iR I 4H = a./mm a,/mm n/r * min ! v;/mm * min~ P./W
1 1.0 1.2 7 000 700 327. 363
2 1.0 1.6 7 600 800 333. 254
3 1.0 2.0 8 200 900 339.219
4 1.0 2.4 8 800 1 000 345.739
5 1.0 2.8 9 400 1 100 353.070
6 1.5 1.2 7 600 900 332.939
7 1.5 1.6 8 200 1 000 340. 794
8 1.5 2.0 8 800 1 100 349. 957
9 1.5 2.4 9 400 700 349. 227

10 1.5 2.8 7 000 800 341. 828
11 2.0 1.2 8 200 1 100 340. 749
12 2.0 1.6 8 800 700 342.073
13 2.0 2.0 9 400 800 354.129
14 2.0 2.4 7 000 900 348.596
15 2.0 2.8 7 600 1 000 363.296
16 2.5 1.2 8 800 800 342,045
17 2.5 1.6 9 400 900 352.790
18 2.5 2.0 7 000 1 000 359. 003
19 2.5 2.4 7 600 1100 367.908
20 2.5 2.8 8 200 700 363.021
21 3.0 1.2 9 400 1 000 352.761
22 3.0 1.6 7 000 1 100 355. 343
23 3.0 2.0 7 600 700 352.629
24 3.0 2.4 8 200 800 368.912
25 3.0 2.8 8 800 900 379. 087
i3 Minitab JEZRPE LG 5 5E Fir E 2R 50 AT A58 11 S R A AN
P.=0. 0590, 7 40 778 g 1011 g0.875 (7)
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Effect of Temperature and Humidity Coupling Cycles on
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Abstract: In order to investigate the performance changes of SBS modified asphalt mastic under the joint ac-
tion of temperature and humidity in the natural environment, indoor tests were carried out to simulate the tem-
perature and humidity coupling cyclic environment. Under the cyclic conditions of different temperature inter-
vals, the cone penetration test, the softening point test, the ductility test, Brookfield viscosity test, and doub-
le-edge-notched tension test were used to evaluate the macroscopic property changes of SBS modified asphalt
mastic; combining with the infrared spectrometer, the mechanism of the performance change was studied from
the perspective of chemical composition. The results show that: with the increase of the number of tempera-
ture and humidity coupling cycles, the SBS modified asphalt mastic appears to become hard, brittle and other

aging phenomena, and its macroscopic properties declines; under the same test conditions, the higher the tem-
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perature difference between the intervals of the mastic has a greater impact on its performance; the sulfoxide
index of SBS modified asphalt mastic increases after the temperature and humidity coupling cycle, and the bu-
tadiene index also decreases.

Keywords: SBS modified asphalt mastics; hot and humid environment; coupled aging; micro-analysis; aging

property
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1 1‘# *45 jj_ii Tab.1 echnical index of SBS modified asphalt
I HA S A WRBl B Rk
L1 #HERIE BFAJE(25 C,100 g.5 $)/0. 1 mm 46, 1 40~60 T 0604
K1 SBS St L HERFE AR Bqk i/ C 85. 6 =60 T 0606
% 1R, e JTG FA0—2004¢ A B8 I WEJE(5 CL5 em * min ') /cm 24.6 =20 T 0605

TS THEARAE) . 78 A KAk R RS HR . i3 2 Fron W 2 JT) E42—2005( 2 % T #E4E
BHR K BEE )
2 W R AR

Tab. 2 Technical index of mineral powder

HARIEI WIE MEE KRk HARIEI WIE  AEE KRk
FMHEE /g« cm™  2.706 =2.50 T 0352 | @i CFREHE<0.6 mm)/%  100.0 100 T 0351

HKE/ % 0.4 <1 T 0332 |38 a2 F& (kL 7 Fl <<0. 15 mm) /% 91.6  90~100 T 0351

FIKZREU 0.4 <1 T 0353 |33 % (BRI SE I <<0. 075 mm) /%  81.7  75~100 T 0351
TR/ % 2.8 <4 T 0354

1.2 hEREERG &
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CHBEAE NI 4 b DABR 2K 3 RIS WS R Lo 1 1 8. A i Z 0O AW s R R3S 0 4 1
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Fig.3 Shear strength of SBS modified asphalt mastic at 15 and 40 C under different conditions
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Fig.4 Softening point test results
of SBS modified asphalt mastics

under different conditions
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Fig. 5 Ductility test results of SBS modified

asphalt mastics under different conditions

AT T SBS Sk I 75 B 3% (19 A FQE % B BRI 45 0 Wi 6 fron . &1 6 e HRHBE .
Hi 1 6 AT 7R A ] U0 R B - B IR PR R 3 22 . SBS BUIE U 77 503K 66 B2 8 1 52 B 3 494 1Y
A TR A U B IR A ot R W A I A a0 TR 3 P 0 B B A S o T R Ry L R

000N —— OUIEIRAB SR
12 000 | —— SWIR IS TR
—— U A IR
10000 |- —— OWIMBAL S FH
= —— 2RI A TER =
£ 8000 |- s
z =
S 6000 <
4000 |-
2000 |-
0 Il Il Il 1 ]
130 140 150 160 170 180

o/°C
() IWEREHN—20~60 C

14 000
12 000
10 000
8000
6 000
4000
2000

0
130

—— O IRIBHE A AR
—— 3WIRIBHE A AR
—— GUKIRIHE A IEIA
—— W IRITHE A IER
—— 12K A TEA

140 150 160 170 180
6/°C

(b) \JEX[E] R —20~40 C

Tg B /N o A —20~60 C IX[A] T SEAT IR 0 0 U0 75 T 3K 20h 38 A0 A e . 35 S 0 i 2 X 1) ) i 2 22 7

https: //hdxb. hqu. edu. cn/



482 K ¥R (AR R D 2024 4
14000 - S 14000 - s A
000 —— OUCIL A R 000 e ORI 5F
12000 - —— 3RS AT 12 000 - —— 3R A EER
—— G AR —SKIBIBARA AT
. 10000 - —— O T 10000 —— O S T
£ 8000 —— 2RI 5 sool —— 12U AR
= s
S 6000 - S 6000
4000 - 4000 -
2000 - 2000
0 1 1 1 1 ] 0 1 1 1 1 J
130 140 150 160 170 180 130 140 150 160 170 180
oc orc

(o) XA A 0~60 C

& 6

(d) WX R 0~40 C

A LBLT SBS st I 77 e 4 19 A1 FRiE % 3 B2 il o 45 21

Fig. 6 Brookfield viscosity test results of SBS modified asphalt mastics under different conditions
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Tab. 3 Calculation result of visco-flow activation energy
T [X 1] N/¥& lg(())-1/0 [l 7455 7 R’ P E,/k] « mol™
0 y=3923.8x—8.674 18 0. 990 0.000 3 75.13
3 y=3 965.9x—8. 744 36 0.993 0.000 1 75.94
—20~60 C 6 y=3 978. 1x—8. 737 47 0.994 0.000 1 76.17
9 y=4 011. 8x—8. 790 68 0.995 0.000 1 76. 81
12 y=4 062. 6x—38. 886 64 0.994 0.000 1 77.79
0 y=3923.8x—8.674 18 0. 990 0. 000 3 75.13
3 y=3 941. 0x—8. 691 52 0. 996 0.000 1 75.46
—20~40 C 6 y=3 955. 1x—8.697 30 0.999 0.000 1 75.73
9 y=3 983.2x—8. 740 42 0.999 0.000 1 76.27
12 y=4 005.6x—38.770 71 0.999 0.000 1 76.70
0 y=3923.8x—8.674 18 0. 990 0.000 3 75.13
3 y=3 945. 7Tx—8. 695 62 0. 997 0. 000 0 75.55
0~60 C 6 y=3 964. 8x—8. 714 20 0.998 0. 000 0 75.91
9 y=3 981.6x—8.733 65 1. 000 0.000 O 76. 24
12 y=4 010.3x—8.780 18 0.999 0.000 O 76.79
0 y=3923.8x—8.674 18 0. 990 0. 000 3 75.13
3 y=3 939.0x—8. 687 76 0. 997 0.000 O 75.42
0~40 C 6 y=3 944. 9x—8. 686 74 0.999 0.000 0 75.53
9 y=3 964.4x—8.719 90 0. 998 0.000 0 75.91
12 y=3 981.5x—8. 748 41 0.998 0. 000 0 76.23
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Fig. 7 Load-displacement curves of SBS modified asphalt mastics with different ligament widths
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T s Ao TG 1 5 5 2 B BEAE 30 58 i AR Ao 3% 05 S SR LA L RS RS I 0 {E A AR M TR 2R 3 B BLfr
AR TR R . XA RER SBS Btk I B3 N R A B2 B IR 25 R B Y
REEHRECT SBS ot Wi 5 i3 (9 DENT  # 4 RIEEFRKECT SBS s I 75 55 i) DENT 25

sER oME AR, HEA 7 ME 404, lEHD Tab.4 DENT results for SBS modified asphalt

O TR R 1 B0 L 5 T R 3 e AR TR AR L i mastics under different cycle times

(ELAT N D6 DRI RS & 0B RS . SBS ety N wokemt R CTOD/mm
0 17.673 0.996 2 17.03

JE e A5 T S JEE AR 22

H2 4 ol LA 1. SBS B W 7 I 3K CTOD
W 5 ek YA A O B BRI 38 i i 9/l . CTOD i
K 7 e 0 e 3 e M RS S 25 5 8 2 K A5 A TR B 0 PR VR 0 559 T SBS e U i K
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Fig. 8 FTIR spectra of SBS modified asphalt, limestone Fig. 9 FTIR spectra of SBS modified asphalt
mineral powder and SBS modified asphalt mastics mastics in different cycling temperatures
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X I A A UG FR T LS 0 SBS WU T B A2 o AR AR AT E R AT B RN SR 5 R
5 MEIATE SBS st F S FITR B REAE B RE A1 48 B0 T B 45 1
Tab.5 Calculation results of characteristic functional group index in FITR spectra

of SBS modified asphalt mastics before and after cycling

1 B2 X 1]

R B e 1 8 8L A A P
e —20~60 C —20~40 C 0~60 C 0~40 C
I, 0.006 86 0.002 82 0.004 35 0.003 85 0. 005 48
Is o 0.016 32 0.031 71 0.024 95 0.024 54 0.024 99

SEL IR 9 FNZE 5 AT IR AR A TR IR AT LS 9 SBS MM T K AE B 1 700 em AR A K
e B W WS U L T DR Dy I A O S A A A T A Bk B AR B R AR D R BRI B 7E AN [
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Abstract: In order to study the factors affecting the conservation value of historic building heritage in Hong
Kong Region, a analytic hierarchy process is used to construct a judgement matrix through 5 criterion levels
and 18 sub-criterion levels, to calculate the weights of the indicators, and to carry out a questionnaire survey
taking Hong Kong Pavilion as an example. The results show that the weights of the criterion layers in de-
scending order are historical value, aesthetic value, social value, environmental value, economic value. The
highest values of the weights of the sub-criterion layers are scientific investigation value. the promotion of the
local tourism industry, the scarcity of the heritage conservation level assessment, the integrity of the structural
preservation, and the composition of the cityscape. The comprehensive score of Hong Kong Pavilion is
3.828 9, and it is rated as “good”.
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Tab. 3 Score and comprehensive score of Hong Kong Pavilion

H bz D 2 C. TE JZ W, G, Si S
Al 0.025 2 3.483 3 0.087 8
A 3.696 1 A2 0.066 5 3.875 2 0.257 7
A3 0.057 2 3.5417 0.202 6
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Abstract: A framework of the integrated GMOP-PLUS-InVEST model is used to dynamically analyze the
land use/land cover change (LUCC) and carbon stock change in the Ebinur Lake Basin, and three alternative
development plans in 2030 are provided: the scenario of natural development (scenario S1) ,the scenario of rap-
id economic development (scenario S2), and the scenario of economic and ecological balanced development

(scenario S3). The research results show, between 1990 and 2020, the cultivated land, construction land and
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grassland increase, while wood land, unused land and water bodies decrease. Driven by LUCC, the total car-
bon storage has shown an alternating fluctuation state of “increase-decrease-increase-decrease” with a total in-
crease of 9. 79X 10° t in the past 30 years. Compared with the continuation of historical development and rapid
economic growth, the carbon storage and its economic value of scenario S3 present the most gradual reduction
because the disturbance of the regional forest and grassland resources in this scenario is most limited.

Keywords: carbon storage; coupling model; land use/land cover change; scenario simulation; Ebinur Lake
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Tab.4 Carbon stock changes due to land use transition in Ebinur Lake Basin from 1990 to 2020
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Fig.7 Spatial analysis results
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Tab.5 Land-use requirements under different scenarios
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Tab. 6 Comparison of carbon stock valuation under different scenarios
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Fig. 8 Changes of carbon storage distribution in three scenarios compared to 2020
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Weld Image Multi-Label Classification Algorithm
Based on Multi-Feature Fusion
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Abstract; In order to achieve accurate classification of welding defects, a weld image multi-label classification
algorithm based on multi-feature fusion is proposed. Firstly, feature information of images is extracted by a re-
sidual neural network (ResNet-50), and the graph structure is constructed based on the obtained feature
maps. An algorithm named relation degree guided neighborhood propagation (RDGNP) is proposed to optimize
the graph structure. Then, the feature information of the graph structure is extracted using graph convolution-
al neural network (GCN), and a feature fusion module is designed to achieve the combination of image features
and graph structure features. Finally, multi-label classification results are obtained. Experimental results show
that the proposed method can effectively realize the multi-label classification of welding defects, and its per-
formance on the X-ray welding defects dataset is significantly improved.

Keywords: multi-label classification; global relevance; image feature; graph structure feature; feature fusion
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Fig. 1 Framework of multi-label classification algorithm for welding images based on multi-feature fusion
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Tab.1 Performance comparison of different traditional algorithms on WELDX dataset

GRS P/% R/ % Fi/% Pur/ %
ResNet-50 72,5 57.6 64.2 72.3
ResNet-101 71.7 56. 4 63.3 71. 4
SqueezeNet 71.6 55.8 62.7 69.7

VGG-16 71.5 56. 1 63.1 70. 1
SCConv-R50 72.2 56.7 63.5 71.9
RefConv 72.1 57.2 63.8 72.0
GCN 73.3 59. 2 65.8 74.5
A 76.7 67.1 72.0 78.1
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Tab. 2 Performance comparison of different multi label image classification algorithms on WELDX dataset

ik P/% R/ % Fi /% Pon/ %
RMIC 72.6 64. 2 68. 2 76.3
MIL-GCN 74.4 65. 2 69.5 76. 8
F-GCN 75.3 66.7 70. 8 77.0
FAN 72.9 66.5 69.7 77.2
CFMIC 76.2 66. 8 71.3 77.5
ViGh 76. 4 66.9 71.5 77.7
SO 76.7 67.1 72.0 78.1

F-GON Bi5 I F GON R 208 7 i W2t Ak 8 R MS BRAR & i A5 BTG . 25
T2 38 33 vty B iy AT IS5 MR ST ML-GCN B3k, o5 R AR 25 08 S5 B MBS AR IR A5 8 A 304 4
DA $E 56T G R AE bR 2518 LB 5% 3, FAN 78 ML-GCN SL8E 5] A —Fh R fdng U 7 22 4k, UOE
S TR AE L T B 4 5 PR R S AR MR R AE . SO 3 51 A RDGNP B33k, B3 A [] 2 51 42 Bt
{1 PRI CREAE AT LA SE i 280 1 i B BT 45 4 R AL o DT i — 25 3R FHBE R PR RE . Bl kL AHER T F-GCN &
B RN F M P BIRE T L 2% M1 1%, AT FAN S SCR BN Fy F P B3R
BT 2.3%A0.9%.,
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CFMIC 53 , SO vk 1 52 24 B oA U Sl it b 5 2 09 AR 0 B 20 R 0% W0 4 b i 52 o T o ] v 52
PRI oK By R Poa 2y SRS T 0. 7%/ 0. 624,
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T4 R e FR . SO R A GCN Hil RDGNP & g 7 BGRAE (9 F F 3¢ 56 2 i IRl B f il 4
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Tab. 3 Ablation experimental results of different modules of proposed algorithm on WELDX dataset

L ER P/% R/ % F /% P/ %
ResNet-50 72.5 57.6 64.2 72.3
ResNet-50+Res2Net 71.3 60. 8 65.6 74.6
ResNet-50+GCN 74.2 61.9 67.5 75.1
ResNet-50+GCN+RDGNP 75.0 62.5 68.2 76. 4
P RE 76.7 67.1 72.0 78.1
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W A ResNet-50 %t 19 UG RFAE AT GON %y i) BIZ5 K RRAIE A 30045 & X TR AR 4% B b 1 JRy 36
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FRIERLA PRSRL F R Poa 20 3R TRy 3.3 %0 R 2. 8%,

TE /IR AR 4R s — JBOR T KININ B30k T A At T 45 4 B 108 T 4l 0L it R 2 2] I 2% L L XS 2K
JE 4 PR T AR AL 3 M S (5 5L FLRRSE I G 09 40 A B BL W] RE S e A TR A AR 1k . @ik 5] A RDGNP 5%
s R FH G B B A3 Dy 9 DA i A T A R 45 A el R AR AR [V DG 3R 1 B HT BE 7 R 6% o o ) b el R R A
Z R PAR I R . AT ResNet-50+ GCN ) 45 fill 5 8 Y . ResNet-50 + GCN+ RDGNP ## ] F,
P43 4 TR 0. 7% 1.3%.

B L AT LAE A Res2Net 3 . GCN 8 F RDGNP #1He 3 25 48 7t 457 4% KR 2 4525 7 2511 4
ASTEHT 8B o X 1 b fife A AR 4 PN 308 0 B 7 6 1 RO /S S S5 4 52 2 L 43 A B ATL R IR 45 5 468 [ AL, 138 P
SC AR v ) A5 R R R A 1 AR AR R 2 AR 4 S 28 0 S B, O HL A B AL [ R sSOR T R B O
H, ResNet-50+GCN @il & 155 71 14 1 5 52 i e K .

T 3 5 5 B TR ) 5 A 7 TR 5 A T A ASE B e A o R AR T A e AR T I B () iE AT T
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Tab. 4 Influence of different neighboring nodes on model performance on WELDX dataset

k P/% R/ % F/% Pon/%
3 73.0 63.5 67.9 74.7
5 70. 8 66.5 68.7 75.4
7 76.7 67.1 72.0 78.1
9 73.4 66.9 70. 1 76. 8
11 70.5 64.9 67.7 74.2
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Second-Order Linearized Difference Scheme for
Nonlocal Gray-Scott Model
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Abstract; An efficient numerical scheme is proposed by studying the nonlocal Gray-Scott model under periodic
boundary conditions. Based on the idea of operator splitting, the original problem is divided into a linear nonlo-
cal subproblem and a nonlinear subproblem. To linear nonlocal subproblem, a spatiotemporal second-order
difference scheme is established by combining the complex trapezoidal formula and Crank Nicholson formula.
To nonlinear subproblem, a linear solution format is established by combining Crank Nicholson formula and
Rubin Graves linearization technique. The results show that the second-order linearized difference scheme of
the nonlocal Gray-Scott model is stable, convergent and efficient.

Keywords: nonlocal Gray-Scott model; operator splitting; stability; effectiveness
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Tab. 1 Spatial convergence order (T=1, M=3 000, §=0.5)

N U-E. Rate U-E, Rate V-E. Rate V-E, Rate
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N U-E.. Rate U-E, Rate V-E.. Rate V-E, Rate
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Tab.3 Temporal convergence order (T=1, N=1 000, §6=0.5)

M U-E._. Rate U-E, Rate V-E .. Rate V-E, Rate
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