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Influence of pretreatment process on the carbonization performance of steel slag sand
Hui Wang**,Ning Li*,Shaowei Zhao,Yali Wang?,Yongchao Zheng*,Suping Cui?
1. Beijing Building Materials Academy of Sciences Research
2. College of Materials Science and Engineering, Beijing University of Technology, Beijing, 100124, China

Steel slag is the most difficult solid waste for resourceful utilization in metallurgical slag. The low
cementitious activity and poor volume stability of steel slag are the main reasons that restrict its large-scale
utilization in building materials. However, steel slag shows excellent carbonization properties due to the high
alkalinity. The accelerated carbonation treatment of steel slag is expected to solve the problem of volume stability
and make it safely used for building materials. It also can store and utilize a large amount of carbon dioxide in
industrial waste gas to achieve coordinated consumption of solid waste and carbon dioxide. Most of the existing
researches are focused on carbonized steel slag powder or carbonized curing concrete made with steel slag powder,
but there are few researches on carbonized steel slag used as building aggregate. In this study, steel slag sand
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treated by two different pretreatment processes of hot splashing and pressure-hot stew was used as the research
object, and the influence of two kinds of pretreatment processes on the carbonization performance of steel slag
sand were systematically studied, including the apparent density, particle size distribution, carbonization
efficiency, autoclave pulverization rate, autoclave stability and other properties. Furthermore, the influence laws
of carbonization reaction rate, product compositions and microstructure evolution of steel slag particles were
studied by the combination of microscopic analysis and thermodynamic simulation, and the mechanism of
carbonization reaction of steel slag sands was clarified. The study provides the possibility and theoretical basis for
the application of carbonized steel slag as fine aggregate.
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FREEC. FLIRGE MRG0, R SEILE T i M) R P R O . i RS LR S
FHIEBE AT PCEs TERE, TELSMMERE— A S A BRI A, R RS RS THRAE 1H
#

B02-24
AN R AT A PR A S 1 T A A E i S AR M R R RS

FEAYE. BRIEBL

V) EE BN &

bt R SE I L R BRI R SR, TR BRSSO ORIk T e, R
SEHLR R R 2r 0 R 5 BHEAL A T A Rog . SR, JREK S B bR e VE 22 . R R R
S, 2 7 AR BRI TAE A AOHE N o AR TUR A RaBaE AL PR B S AL R B s AL =Ry xR
A REAT AL, IR ORI SURAEXT L 1S AL AT R IR B R TR R, JF R GV 1 AN RIS A7 2xt e
PRI FRIR R LR e YRR, S5 S 208G o iarn 1 e L. S5 RERH: iE i Ab BT B3
BEAN IR S 2 T RELRE P2, AT 3 K 5 90 7 1) S T e i T AR s =i A 0 S e ST e 7 ORI R g
{ER B HEME AL 2 WS AR R PUARIERE T o AEREAF AR E VE DT T, = AhiE AL 77 SRR BLH SCERCR, K
TR AR T IR SN 3, FIk 65%. B ARMLLAMERE 2 HriEse, iU AC R SR el e 1Y
i ghitey, AL B3GR N o AT TTUESE, JRISOB S AL AL BEAMN SEEL 1 IR Tl 5 R e AR i
P FEIBRIEACAMI T, I REAT R DR IR A U 75 B GBSO Rl L, Dy HL AR i A i ML ISR A 17 Al S 1Y
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BORSCHE, BAEERTRER .

B02-25
BEK CuO@SiO2 Bkt i E BHl & 5t A
N N
I

A KA 0 B E A AR 2 T DR PR S B T S BH K B PR B A 3k DA e A ) OGRS Tt . TSR SR I, 1E
BRI BB BRI IR E T A BEEIIX — B Az . (HIRER TG S5 A RHE A Mt 25 2 WLk
REG gy, RBUREPIRTERE T B 2k A7t DL £ G (TEOS) A, KM 1H,1H,2H,2H-
SR HE = 2 IR N R, I Y Stéber YRR Ih &I K Cuo@SiO2 it akA kL, I
PR — P BHRIEI T CuO@SIO2 Bk iR)Z. Sia IS HTHA (SEM. XRD. FT-IR F4Zfil i) £t
T ARG AT, B USRS S AP R T I RART I T IR B LA ERE . S5
ZEREIR, Pl PR S B KR E U et R, A S 158.6S 4 30 IRMLIREE
TEIR G PRFF B RR M o 4328 T 3R HEB B KRR 540 2 T2 R P R R B 20N, 32 BB 10 B & v
PUBTERe, W RE IR R R, R BT 90%.

KA K CuO@SIO/PS BB /KPLH IR ZHA LM, BRI A, R R
710 PR ACATUR IR JZ B S 2 S 4 187 %8, (RN R 28 53 SR B IR AR P TR 1 68 L

B02-26
BB A AR AT & KBk CO2 HRRERT ST
RAEFE, R
b Tk

K Tl A2 M 2R () s FE R m HE R <P w47k, KPR AE PRt R CO2 BRI 3 B T AEBRIR 2R 1K) 7 1
IYfEIHTEAE ) CO2 K& H/KIEE: CO2 MHE I — 22 A7 R AR o7 [ 5 0UB ks, 7K e AT ks )
WERSIRIEA M) CO2 WA . AW FALT A ZEILPOETE, Hil& T ARG R E T (Ce3+) BARM
BRI KA Rl CoFe2-xCexO4 (E/R73% x=0, 0.05, 0.10, 0.15) {EMEALF], @it iE #uik e kit
JRPEIR IR BN CO2 ¥eAb N CO, FFRIFFL T 4l B T 5t o ad Ji I B el gk A AR i AL Ts PR (R 2, R A XRD.
SEM. EDS. XPS. BET %2 FiRAET-BO SN AT G BIATEHEEAT 1 RGEHIRAE, RITTEIENL AL 0BT IR
HLEE. 4500, IR E N 1000°C, S ALIRE N 800°CHT, CoFel.85Ce0.1504 Xf CO2 Ak R it ,
CO [12E At 55 e

B02-27
Bik Cl4@SiO2 TR FEH) ] % K I B /FRvKER /= K HERERT T
FRIMGE L R
IR

B SR UK ORI 2 22 4 FLAEH R . SCIBIS T VR RS R IS AT I PR R A B i R A B R
AR, JeiBHUKERERA SRR 5B EKRE, HBUKBRIKSUR R, EXREHKERZ 1]
/L 2BONE SR, R 2 A WLB K SO B & B K Sk, JF BAE TS B8 B Ol e A e
SRITHH . FET U, ARBFGIAAEMRL (FEAHARSEFE R BB OR BB RO, R R ALK A4 &
AR T (CL4) @ A EE(SIO2) R 3, RIGHARE. AN, Wi FmmiRE, BRI
1E5E Z HIEREEE(PDMS) AR, 2% tH BA RUFmT B 1, b2 Fe e vk B iE SRR p e sk iR 2 . it
T C1A@SIO2 R FE M R Ih & B 1824 0.2 PDMS 29 2h J5 B /A 142.3S IF4 25 REESR
JE N EA BKIERE: FERIURBHG &AL, 5 438 WA 30°C T2 106.7°C, ZEIR 50K [A] 2 3100 5.
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AHTFER AR ARAR A ok 7 ETCOGERISOE TOCRERERI AL, RANRIEINERIL T BUKRZE
i 2, N A KR 2 7K ER = BL B IR UK SR AL 1 38T BT T S8 s

B02-28
HUBRER BE B — ik PRl A pk SiO2 Bk
JEfR THIRE*
JUER A

SiO2 S EEI AT RL A L5 3 SRR e, TECRIEFRA . T REROR S i i S A R
UM AT S (HRAFMEEE S TR S, wS AR, A=A m S5, (N HZR. AR
SEA HUBER BE 4 B — 5 VA B i 3R e T8 (MAF) seil bl & sl g K 1 Sio2 Akl @it — &4
RIEFBRARGHAELT Si02 SERMH &L MO . RS RT: (D HHl& T
Si02 JKEHEIRIBAE S B IE Ot/ = I ETEE (TMCS) [RR G, K AUBER B 4 Bh K Bt 2 4L,
STV TR e R S T S ) (R R AT, I R TR A B A BK YRR Si02 B . (2) EEETER
VRIS IA) i R KR B = R St Si02 A IREHE S5 AA (I RENA o A5 3 P R 2 ) ) R % S 0% ke 38 sk s
AT FLAR S IR o 38 24 B 7K R AN B PR TR I B~ AR [ B 408 e, ICReIR T
BHABAA ZFL. (3) BRESHS BN 60 min, EREEFLIEA 400 rpm, n (TMCS): n (n-hexane) A 2.50 I, SiO2
AEBIREA S EER AR N 756.351 m2/g, FLIARA N 0.747 cm3/g, ~F344L4%0 3.861 nm. S5& &I TE
FHEE, ZAGK KM EA B 24 /NI 4a% 2 1 /N, BEKF R ERD T 40%. F 7825 SRRt 4 /N LA Si02
A B PR .

B02-29
fE N EA P EDRRAMGIE A KRS
ERMES Bl X5 M
Abs Tk K2

KIPLAK, KBHAE— EAA R — FE R TCTs A MIRENE, DR D 8 MRS R e i AN 8 A6 Ath RE VR AR,
I HA GG I . R0, KBARER B ARG HRIE IR Be2 B B eI = e 4. Ak, A
W EAE R R TR (PVD - RGUEAT R 0. EIXE, AT T P AR N A
JARALAFERERE . BRHEBORI S AR 23 5 T i A A IS . B4k, SETHEL T P AN N BDBRZLAH 1Y
REVR Y RFARIN (8] o ZEARBIF T, FRATVE T I Tl oK 2 Tl R H s B A A B K TR 5256 2 (9 4=
VPSS RE R, B T N BDGIRAF I L dn RIS AL BE)E, AT P ERE N B P AR
AT 1 Ao dm S VEAY o AT TR R G R AEAORL . KB BB R B A L A AL 1 A P IR
A EORHARAT B OCERKE AR . FRATTAIL, R PR e 2 i JEoRH I A2 P A T2 B2 e mh (& P
RAT N ROGARALPF REFEANIA ST 1 BRI B 12 L 210 A FL i, 0 AR e e v [ H g 54 P ) 2 et Ao
FECTOCRA BRI FEAIIA TN . K, X B Bos T E N B AR AR AR BR AR5 ] R
GG R RELE, 5 P BA N BB RAMALL, P BFI N BOGARA AR st A 7= B B R 2
%, MR AR BUIBRHEBCR B . N OO G AR AR RS T 1 REVR [P35 fie et o ANTR] A3 XA 22 e
KA P ORURL N BOGRALFRIBRHECE B . TRINRE, 2] 2060 45, N U6 RA GRS
PR DIIR

B02-30
BRI A S A 25 B 5 B A RS ) % L BT AL R - Atk REATT 5T
ZF i
NG BN
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ST BB SRR R K e B B A, AT LA S AR, TR S i [ A A . AT
M AR AL ) R 2L RSN AR TG 300 5 328 S Ao (s T2 AR SR P By S8 R v R ey o ) 6 B
o OB R, BT FUH 5 20 B AL IO JBREAT BH I BORL 0 SO 3= HH R PE AT 5
FERITAM o e, M8 2 DR SRR ) o5 Tl AL R - R T AR RE ST AVERE . BF TR
AR A Rk ) L SR AT ) LA

B02-31
F A B BiFeO3/BiSO7I 1A B R EXT PFOA T oG4k FEAR BT 72
ASSE . O, mAK. ZEERMx. IS
Jbmt Tk k2

&R ANIEEE (Metal organic framework, MOFs) & —2R4f I 2 FLA R, AT BRI R, &
PIFLBRZE . ShiThaenl @ i S 20 s, H RTCEPN IR A U FAR 10 6 A P4 A A0l o L HE ) R 2 FH T 5% o
AW LL MOFs #4 8} MIL-101(Fe) y = EE R 8L, JEIE5IN Bi R FRMEL BiOl MEE &R, &)EEH
IR IE R R T 4% T 2 A4k BiFeO3/Bi5071. i Xt BiFeO3/Bi5071 #47 XRD. FT-IR. SEM.
XPS %— RFNRAE, WERHHRIIG . %6 Ok B Rl i 45 a8 5 ae s s, A B s B3
Fl 5 L 2 B . DLATRERR (PFOA) A BARTS J i AT G AL IR, PO E &M BRI
PERE, FHmad FEAR= ) 3 M0 B ML B AT IR JT, f e R A AR e YA T I 25 SRR, Jd i Bke,
W 5E T AR SR S L, WG 3 55 E 700 nm, 35R T HE AN ERTAT IO R, [FIED T AR
(s BRTE, Ui B A K T T ERIT P R M RE &, J0UE T BiFeOs 5 BisOql IR E & K S HAH BAE
o B CEMRSEES, KRIZA BT DAZE ] WG4 R LB C AL SRR, 76 pH=4, f#1LAFH & 15 mg i,
SN 48 h JE Xt PFOA IRl 2 i, A2 T 91%. 1A BHE AL IR 7 A = B A e 1, &0d =ik E
HMALEMRIR)G, 5 PFOA 2B R AN RFFAE 90%. it [ d3EfliRsest, KIEMIL SRR EE
YER PSR h+ R E B2k . ARSCHIBE LSS R PFOA S R fR SRt 1B e mg, i R [FZ6 AL
MR MR R S 2 SRR % .

B02-32
IR IRALH] & Al203-Si02 B &S EBR
SESE, [P
I

BEGEAR TS RE R =R BRI Y, & Bes. B, B LAY A R, A R A
BEVERE SRS YD, K FT0 A AL BRI BT YR AR 2 i A R R R HE R . AN SR R A I A A | &
PEKE A (PB) 1E NI, DUZEIERE S (TEOS) Rk, 383t ¥ I it i 0 Al IS T b 45
AI203-Si02 5 &Sk, HMR L MR . S8R (D SHBKIHT BB R RIIR A B, $28R K -
WREREN: SRS 5 LN 5:4: LR A G TIBRE, BRI 5 Ha i s B Lo 501 NN R =R FE N 3%(T)
NaOH ¥R H » fEs AIN 5204 202 14, NaF Fll AIF3 B w64k A ME v PE I CaF2, 45 i FR R I% 36.59%.

(2) KA — @MW NaHCO3 ik 512 R IEAT /K I M i) & LK B A, B SEIRife 1 A& 1R MR
FE RIS [A] . NaHCO3 ¥R FE S5 I SLA A, il 4% H I POL K BE A IRV 1t e R, ROV R H0A 21 95.22%.
(3) LA AR U LT K 45 0 1 45 Y AIR03-Si02 H &S ER, S4B ERTHSMRALKN
0.046W/(m K), £ 1150°CHKAEHE 5 &L LR A 106.6m2/g, AHEE TR F AL K S5 A 1) 46 IR U3 IR

AR T 0 1 RN FAA 3 S A e R L R 0T
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B02-33
TR A i 2 B 5 B T EF SR MR
VPR, R, REFGE. e, X285, B
Abs Tk K

RRLXT A BRAE AR FIHES) P ZR OB R R, 7 ik 8 1B IZR T Fl N 4 3K B2 ) B 22 IR O B T A Al
AR R AR DL BIAZ O FE bR« TR N R REAE . SRR ML P i, LA 2 i ) 0k A2 308 PR R VA B
55 PP aHE X DX It €0 ) 3 A1 A 3R A3 V0 AR R W B B o AN AT DG 3 T S 2R TR
TFT-LCD NWFFEA 5, KA WIE (Life cycle assessment, LCA) X 4= A= i i BAKY BO AT 3 28
H .. WAL, RGNV E ARMR-TRIZ & - KIS R -k -T2 R L 2 - S AL =
SRR T Z IR BRI, TR I 2T Vs TS ™ i TG 5 A AL 3 T 2 R R R 2 S ¥ . 25 SRR,
— 3K 55 FET K TRT-LCD Y i FEAW ™ il 2E i Ji B IBCEL By 1482.15 kg CO2eq/ &« T4 1T HL ) 2544475
PLK R MR, ELR SR THAR ™ 5K I AT 38 B =y BEAE, A0 o B oA v s T AR 7™ o Tk A2 328 1) 2 R
(5 ERIE 87.91%) . AE =W B R B HEAR AN 2 Sk SF6 25 i K & 43 F Dk 77 3 2 B, Hodh 541 T
FEFIRR L T AR A2 FCHE A = BRI . B = Fh T2 N R Lkg HHAT 1t B3 pincHim e, 25 R0, [
AR BB T A AR R T TR S B e A R B HE RO B 3d T 2 38 23 ) FEAER T 48%-.80%
55%. HLAT (Al T2 00 A 28 PR AR HR AL, MBS el T2 B3 . @SR e e A 7 v By FH 33
TR [FTUSC IR PR R AR 72 DU B2 R A AR

B02-34
AR HA TR AI-S| &SRB R K ERBIE
5. BRak*
FERGE R

B TR AT REEE R R R ) H 25 A, FRAERR & 4 R L5 AR AH LU REFEAC . BRHREAE A 4 52 %
o PRI, TEERPERHREEA R A A, SO AR FP gk i AR R 2 B BRI G S Lk It R . FRAT TR A
5T CALPHAD [MEn@ s (HTC), 7E w4k sy 2 i) N PRus U R B 0 gk & s oy, AT i e T
R IE BRIGFE 2 K R AR S B EY . N T IIETmIEZ R, KM &EES (HPDC) TZHliE T kit
ME4, AT EEMMMERFAPIERE. SREH, G E5SEZR TREGEN®E (Jrhisms
380MPa) Fl MV AT #252 [P B2 (4.82%), fEonH HEEp R EEA .. X siRm, HT2R
FETHE AP RIEE T2 3 S R R RO A g, A B T SRR R 5 R 1 Tl A AR

B02-35
ET MOF ) SERS ZJRME K HAEWHIE R A VLRI KR
SRR
TRV TR

WHEHEREAIY (VOCs) HA R SR MIEN, HOUMr=ne Rk Z APV R HT
WAk, Bl RKAE GG, fEEESHBEMAMMER. R, Wit VOCs mirEae. BiEMk. Hsct
HIHZIEE R, SRR Pl & se it K. NI A AR B, BT E
BRI DA S I A A 5 1) 7, AT TR H —Pod@ T 7 B T VOCs 1 J5 A7 PRI IR 7% R FH 3R T 3
SRPLZHE (SERS) AR, S5A M58 i, LI WIT VOCs M miiibi. £xff% 4 SERS FEJK
XPAAAT ISR Z 8, ASCOFR T —FRIIRGOKIRER (AgNPs) 5& @ APHEZEME (MOF) B4
PRI Y SERS JEJK, fif Bl AgNPs FI2RTH 46 5 TR ILIR N 5 MOF 1SR B & £ g 71 P [F) 3 ot s 2
5. W IS Gttt AgNPs IS INE:, 2553880 30 pL I 7E ZIF-8 FRIMII &) 73 A H T oK B 74
Mo SEUUERARE SRR XA RRIMB MR EE M SREt, BTN EE 0.1 ppm, FFRIIE
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EINFFWHTE VOCs H FHIZK LD 6.871 mglem HIF 7T B R Dy 588 U5 e ML e A B, B stk
%0

B02-36
TEA/EDTA-2Na BBk R T CCCW HIHERERF T
G RN
Jb Tl K2

IKVEFEIBIFE LS B KAMEL (CCCW)D BB /K18 B R0RE 52 IR T-4% Geid M 20 43 6 B AR PR & A 2
BAFAE R 08 B 5 KA AT G . AL = ZEERZ (TEA). L&D 4R —48 (EDTA-2Na) At
%, WREAMERE. SRR E . XRDISEM WA T &I @ittt (pH>10) FHI%KAEIT N, 45R%K
W, fE/KVEIEMA TEA &% & Al3+,1 EDTA-2Na fE564% & Ca2+. [AIN, AHF7EHI4% 7 — %% CCCW
KPR BEAT J1 22 v S AMEINR, SZ36EM, 1%45 5 T TEA-EDTA-2Na Elitfk R (1:1) T, 3d 5%
F1 28 RYUEREHRE BT, 28 REE T HREONIEEIEC, 28 RIUSME RIS . AT AT
BEiE N CCCW [T T BRI, 7RI TAR S N Bt b B T R B FH A 5o

B02-37
B IR RN C3A-C4A3SH A1 R/KAL SRR BL
BPAR . A =T
Jbmt Tk k2

B IR 3 -TRARER B R A /KR MR, EEAEH TR Y BRI =8 A0 KRR RS
(C3A 11 C4A3S)) . JRTT, A1 B I IR FF X B R SR W) K AR 2 1 AN 48« A SCR A S IR B U XRD,
TG-DTG XM ARG A T4 KAE . Z/AKABHNIKAE X C3A-CAA3SE G R /KR K520,
5T Krstulovic-Dabic #1 Kondo #AITHE T /KA S B & B B BN 15 280, S5 RRW, ABEMIAGiR T
ZEEERANKMIESTH, Hb, PRABENESIMEmER, KRR ZKAE, TKAENESHM
MR /N e MKW 12 BEERE, S K /KA BMESE R, KUY H5U SIS, 1S K

FENEEEER, AN A -5 8- B -3 5O R ).

B02-38
IR SRR & A VRS TR+ /R R LERRT 5T
Al 2=, SOk, B¥ . REE
e Tl R

AW T H G HEE A% (1 PVC. BERs. PVDF) 5A% 5 (41 PE. PP) MLRLZE ki i 4
JEMEAAE F R BIERAT NS HLE . AR S B E, K ReaxFF 43 T8 1% 5 DFT ik e ol i
SIRRM ERAMRRRGE, SGREHTESR TR ERIKC-C 5 C-HEMlRae, it H B lmEER, I
PN FP=r=4 . 1E Cov Niv Cu =Fi& @, Cu MR N T . Py-GCIMS SEIRIGIE T 1
PR #F 460°C 415, Cu {4 T PP (1) C1-C10 P*#IEL il 1 23.37%4R T+ & 41.84%. X T4 widEkl,
PR, S R AR A ] PR X [ i RE %2, PVC M BERs fE Fe. Co. Ni f#
16T B B BE L2 FT 8 2 56~75 kI/mol. i IE 4 @ %T PVDF (it AL R A R, A7 o i i) T-H s
B HF. SOt — 80, 1 48 v A Bus b EACTIRACEI M AL G, 3R T IN 172, b Cu JEBI
LS I SR RE )T . R T4 R RoR, I 4R AL P S R T REE N SR fuT
BERSs-Cu /4 R 7E REAE 1M #6510 2= SUAHEBOT TR AR AR R 20 51 R I 70% . A FiHR7R T PIEE 8 XT
BT RGNS, N A R AR A WL 1 i IR A R AL R F SR AL T B AR
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B02-39
AN PET B} E T i B A: i JR ST VEAR RG24
BRI BARx RF, P, 3RS
Abs Tk K

W E A ERIER T B AN, REER A E B PGER, AROO e TERHRO AR R R . A R 2R
BHEWSOT VR AT R AP A BT 20 Aot LEE AT AR S RIS RIS A 37 5 o ASHIE TR 2B i A JUIPE 4 (LCAD
JTER T UL A2 [RTSAN AE [lWs =FhAS o) SR PR AR BOR IO SRSV AE S 2 AT HL e A o 6
o G5 RRH], HUBIEISCRA B AR AP BT A B A, A RO R R A B R D)
R B A AR BRI SR O (BB B PR AT Rk, Rl gl iR 2RI S R i TR
SRR FEL e BRL K e B AT AR Il 2 i VPR SR B T S5 N4 . IR R BURE et BT LT
ORI B AT FF A A AR AR

B02-40
TRER B T 4R FH LBk EE SCR LTS Btk
AR RN EWW. R
b mt Tk K

KPS AE (TD thBL ™ EEmAER (VT £ SCR MALFIRIPERE, SEURALFITGHE 35 .
JRRRAX — ) R, AT A R BR R A (Ce(S04)2) REMESHIE LA (Ce02) 1EAIEHER], HH4R
ERMEART) (VCeST) HEATEME, MifnE IR mHPietERs. bt R, 75 5 wioehifRali iEE ~, %
PEAEALT I SR PT T EBARE ST, 24 TI fkE <4 wi%lf, VCeSTi HEALTIFE 300-450°C 5 6L FE & 11 A
YERF T 90%LA [Py NOX b2, HeillAAE 450°Cnin N, Tl 285 R mIA 98.52%, Hzit # fif i
TR o PR RESE IR T B B Bl R O B FIAE AL . SO & [l i Ak 22 W B B PEE e TIVES -, A AL
TR T ORERN Vor=0 JEPERL AL, FFYERF T Ce¥/Ce A IE IR N MBS T AT . 2 REEFRILIESE, fRBRA It
Al T AT BN FLES R, $emm 1 U R IARFIFLEY , HAE B 5 A R B T R R A7 s S8 AL S A
ATV SRR T1 H 8 SCR AL IS UL 18 SRmE AR AR, TE/KVRSE &1 TS JAT R = i
HAEZENHE .

B02-41
ZnO@TIiO2 #BHi/K X ThRe h FHL E 2 I H1) & K H AL R 52
AT, R
IPNES

FALEE (ZnO) PRI B BRI & J8 B P I BT B L], B 515 R AN 257 . 6 IR 2R
YR EFPEAR, T2 R T HUE AR {8 ZnO AFE7E ] WG R A R AR S IR B AR e 1 22 55 1) il . AT
I VA B - VE ) 45 ZnO@Ti02 4K ik, LA PDMS fEARE &R, SKAmEIE— B Hl & B A U T RE K
K ZnO@TIO2 HAWRE, LI T BH/KPUAN BRI Yot AN &8 B 7 R WA S, & B B P s A X
FHEHFRNBEMEILI R (1) LUEFIPGER] 1 ZnO FIAKERIY T Re N IE R, B AN 2= 5 T /K A I
- % ZnO@TIO2 GKikL, NI EZ K, BRIl & HIEEEIN Tio2 522, (2) @it
Zn/Ti BE/R L AT DA 4% A [F) 558 )2 B FE B ZnO@Ti02 4K ik, Tio2 582 T 43Ik Z% Zn2+ BRI (3)
LA PDMS Jyli & 7l £ (1) ZnO@TiO2 & & 2 H AT BB /K PERE ML 7 (1) B 1S P RE, B /K M AT iA 151.3<
A, &2 BA RPN E LR, 20T 50 KEEIRT 10 K ERBIA IR it J5 05 B mik v
REo il 1R 2 RS H AR T B K M SO S &8 B TR RIPT E 75 SRS 5 mT L6261 T XF
SO ABRE . KIAT & 6 S S B 2R I AR = 1 R B B
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B02-42
ETRRBNE SRR S YR KRS
e

Jbm Tl K%

W o (R FEHEBD AR PR BEIRAE M I A, xR BRI R B, 3t — 2D Inal T & s B B0 B
BET R ING SAT I BETEAE . IBERSIE A& TR T 22—, EAEE R P RER IR R BT
MREZ . WL, SR ESEENYIRIEFGAE0S. R, HATE Rk iis 5 o & 7 5
RALTHED S BEONER =, BRI 7 XHBIRA SV RERCR MHER VAL 5 0L -

AW T IE A (e R IRA R SRR T B T BHRRAL T i, MR A & T E I RER ALK
BIHRALNER, B AENGRTHA SRR RERCICT 1R SR A S0 5 B IRTE

B02-43
BREEA BIHXTWFWAAERE K VOCs HEBRMIBT T

BEEA PRIEDL

V) EE BN

A A= (HG) 1B A i TR AE I DhRe A Rk, B AL AE =R 35, Ret il 2
MRS TR ARG HG SRR IS I 77, A5 E S0 HG IEL R T T R AE, 3t
Ml 7 AFEBEREEA BIESEE (HGMA), It H B, fEfEFa g AT NI E g
HERIEAT T RGH T, FINERSNT T HG BEXSIEDEIEREANEY (VOCs) HEBURF M5
M. WAL SRR, HG B R ZFLEM, X PR T 5 P08 45 (8] 1) S T Rl 5 5 I PR e 5
FHECTZE TS, HGMA [ R 25 58 5y FLIR L BUBME B 2 F-AIK: 24 HG BERIE TER 1.5%HH, H
TEPIEER R RIS HORES . HG BB AT REE T It I R PERe R PL A iRe ), (B PR
PUIR 57 MR B G IR MEAL R . A B AR 2T A ETE TR B, HG IR AR S8 I 5 (WRRE B R A1 45
Hy, UESHECMENLED B R . EAAVER I, HG XiH VOCs HHIE SRR IEHEFERR, 4
B EIEF] 1.5%I, VOCs ()5 K BEFNER E WL 73 I PEAI T 58% 1 60%. A 78 Mk 25 A S ks 72 0 75 44
B TREN FH R AL T R AR AR S8

B02-44
SUTY e LS B AR A P SR B T
D5
S| N

B ERRAAEAAL IS H 2608, BRSNS (EEE) {ENMSKERIRNEDRL —, HAeE
I e 52 8 1z K. EEE A an AW, (R P BOs A ERERE IS BEE (GWP) [WDTHR & i s, ik
NIEM VAP B PRI A AT AL PKAE DAL 2SRRI ML BCHE RO T FEAIG 25%. 140%.
128%. 313%. 70%. &I S W& TEREZER B REIVER R, TitiT 2040 A2 HIALHL. VKR BeAHL.
25 R AN SN LAE A3 T B B 23 990 /D B HETC 948 kg CO2 eq. 920 kg CO2 eq- 464 kg CO2 eq. 1698.42 kg CO2
eq. 311kg CO2eq. A& NI LA HTRI, Ak dn A Wb R AR BOR B340 T — T fifh, 3
s A I B R DTk %2 0% 500604 F.

B02-45
PIRIR IR BAERD A8 AL A O RE BT ST SHLELER I
TR >

FSCHR B TR 27
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WEEABEES. REEE. SRMREIEE L TR, ARG EAS AER, T
—FIPIBIRES I (CAS) MBI EFEANLEE, FEU A A%, M Ir2ateae . AKELPE AT A =4
D5 CAS RIFEIRDRCR, 25 & Bk MO 45 S5/ WL, 48718 18 M R 5 AL D LB o 45 B0 .
sEEMEREIONIL B CAS 45 & 1 7 b v 75 60.58%. 7K 38.46%, AP0.96%. CAS i At — ik #t
i, SIRFIVER TG B R, AT RISCR S K 5, =4 IRRIR S5 0 mT DU i A A B 30k,
i RARRD AT ARISE R L i (R AR R /KR e P o b o 6] 2 SR i b 5 R W5 R R 1 R 4 K
Fy— 77T CAS [AFLE ] LA [ bR R I R AP (P i it SR A A M . SEM BUR R, CAS I5RAD A7
TEW M- Se- 58 . BRI S LR R E =R EA LS. BT CAS THLHE . BBEVELr. JRE Ay 45
IHPESRPE . KR VR, DRI mT DUME A —Fh AR5 RO [ DA K

B02-46
B SCR EFIMBEEA

TR, BN

Jba Tl K2

T R PR A AR SR I fE 5, HLHER — B A AT SR 1 ) L, e 381 (i ALk 5 (SCR)
72 245 I B O b R A B AR R T 1, AR E A SCR JBLAE R G Z L, FLAERE IR B 3%
KRBT AR E & KA G, R AR R SRR, HaMEREAZT SCR HAH
HREEENR, HASEMTINIITG . AR PERIE SCR AL AL 8 i 8, {8 H T AN E R
FIEEFAIRHEAL T HEAT B AR AL T, 3R 7RI . XRD. XPS. XRF. ICP-OES. BET 25T Boik T R 1L .
SRR, AR, k. JEAELREE, AGIE TRRE SRR AEES] T 95% LA, R s
HRE TR, HREARRFE 7 EGE. AUV R AT SRR AR TR T BRI SRR, (R
BT AT R R R

B02-47
o B - TR IR B AR WA 7 T 5
it
A TR

bt R AV B PR R R SR S BRI S A P 2 T W DT 7 S5 A B kR T B Ry
FESBORTT RARAC . BHESE S REORY BEE 2257, S M I P BRI F SR I ER G PRI R &R . R
WAL GEVPAG T VRGERE B — FRPESR IR E de AN R, $R Hh B 1A A LA ) P ) - mXUR R ER 51
FHESE, thiE] SR B S . I RIRGEE . RIEAKF St ARG A DU 4R PP A2, AT BOR
FHIESIE- 5, AR R T R IR MA@ T R S IR EAR I S PR AR R, R B rh ) oK 32
%5 BRI R I R G RIS -

B02-48
BTN BBHE AR SRARCR AT LR
8 I 1 St NN L
1. APRHEAMGER AR 4 B sk =
2. Tl R N BOAR E X TRESE I =
3. R T RARRR S TRE AR
4. AERT TR AR AR R EAR E e

B ol A ki = A HEBUN ORI, FRRRIRHRSAR BB U5 B T Se R4 5F H AR 2 R 2
IR T IREEE TR BRHEBEIVIR, 5 H 2000-2020 4E (8], 48 Tl A= [F RERERI B HEBUE & 28 BT
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FErb AR I B OB B e e HLASWTSE N o AR LR b, R AR i 0 ARD B TP R AR . AR R
By BRI RIS AR S B Yo A 2 -5 A0 A DU A U OG B Se 2 17 BEDRHEBOAR AT 125338, XS DURh 4z
PARIEAR . IEETF AR IEAR UL AR TR IR T EBAT 7RG, F0 A FRHRA B R IR
RBEAT T VPN, 48 LR G2 H 2 MER T BU SR TR FE BRI A RO, 8a TR AR %
AMBCHA e S T S 508

B02-49
TR SRR 48 V26 i A 3940 it B SRR 9T
Eoth. R
st Tk K

FE X BART . BRI SACE I iR K Je 28 < i) — A S B AT T, O AT LR
PR (K B 25 7)o BRI, IR AE A i A J A RO BA B S DAl 1 SR = R GE 5k, JCILAE KR ik
TR SRR 2> 5 i R D W . AW R AR IR TR TR H AR, BEXTBRI SR RS S TR R
e, SRAGFY . L5 0B R B SE 2 FhE B Fo 5%, RKJeE 5 B dh 2 — AL A 85 0
TFREAT RN 5 o I BURME BT R 2 LG, RIUTE A EOER TR ARREE R, A4
il BTZNRT%R, ARG RAERITERAH R BOR K & Loy I (LCA), HAE SRR /KT8
TEA R BRAl SRR T 23 PR R = S I A BB BE 7 5 (GWP), (HHLESHR . it A S d 5%
Ei=gaNESEi i E SURERIDEWAR s R L b erilla e e e B2 A Nt

R

B02-P01
Current Status of Material Recycling from Typical Decommissioned Power Equipment and Evaluation of
Its Carbon Emission Reduction Potential
weiging zhou*, Xiaoxuan Bai*,Chao Li*,Peng Li*,Han Cui®? Ning Ding*?
1. State Grid Jibei Electric Power Company Limited Electric Power Research Institute
2. Research Center for Eco-Environmental, Chinese Academy of Sciences
3. University of Chinese Academy of Sciences

With the continuous advancement of power grid technologies, the variety and quantity of decommissioned
electrical equipment are increasing significantly. Many discarded power grid assets, such as transformers, contain
metals like aluminum and copper, which can be recycled as secondary resources. Their reuse is critical for
resource conservation, environmental improvement, economic efficiency enhancement, and the achievement of
carbon neutrality goals. This study focuses on typical electrical equipment, including transformers and cables,
analyzing the current status and potential of material recycling from such devices while evaluating the associated
carbon emission reductions. The findings reveal that existing disposal methods for decommissioned transformers
exhibit low recycling efficiency, primarily recovering metallic components, with a metal recovery rate of less than
50%. Material recycling from discarded transformers demonstrates a carbon reduction potential ranging from -1%
to 10%. The research outcomes provide a theoretical foundation for optimizing the management and recycling
systems of decommissioned electrical equipment, promoting circular resource utilization, and reducing carbon
emissions.
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B02-P02
AR B K B T K AR PE PR Fi A B AR TR 9T
i
Fa A 2B R AT IR

UTAER, R P I B R P BN 7, ARSI AT B K B T DA ORPE LS SBAKCRR BT PR 2
RIF . GRS A W TR Wi X, 2B K RIS, 7K R KRR E M2 RO,
(EARSRIEAN T3 B M BT T AU NRBE i B RGE S s8Rk h . IR as RIP Fabniti £ KAEsE
PEVEUT AR HESE T T, ARG B RS R AR R E PRI VP 535, i RHIHET 38 4R BEbr AL AR T -

B02-P03
Whole-Cell Biosensor Films for Heavy Metal Toxicity Assessment
Jie Wang,Sha Chen,Hanbing Li*
Beijing University of Technology

The rapid advancement of industrialization and urbanization has led to increasingly complex mixed heavy
metal pollution in environmental media. Heavy metal pollutants exhibit persistent accumulation characteristics
and induce toxic effects through bioaccumulation in the food chain, posing significant threats to ecosystems and
human health. Traditional toxicity assessment methods focusing on single pollutants fail to reveal synergistic or
antagonistic interactions among heavy metals and cannot accurately evaluate the toxicity of combined pollution in
real environments. This study constructed an eco-film sensing system using Vibrio fischeri, optimized bacterial
immobilization conditions, and validated applicability in complex environmental conditions. Dose-response
curves were established for single and combined heavy metals (Zn**, Cd*, Cr®") to investigate their interaction
mechanisms. Raman microspectroscopy was employed to analyze molecular characteristics of phenotypic
responses in cells under heavy metal exposure. Results showed that the toxicity order for single metals was Cd*
(EC50 = 0.33 mg/L) > Zn*" (EC50 = 8.28 mg/L) > Cr® (EC50 = 30.52 mg/L). In composite systems, Zn*"-Cd*
exhibited an additive effect, while Zn**-Cr®", Cd**-Cr¢", and ternary systems showed significant antagonistic
effects. Raman microspectroscopy revealed characteristic molecular vibrational differences in Vibrio
fischeri under heavy metal stress, with increasing Cr®" concentrations reducing the intensity of the phenylalanine
breathing vibration peak (1003 cm™) and nucleic acid base vibration peak (1310 cm™), indicating protein
conformational damage and potential oxidative stress-induced DNA strand breaks. PCA-LDA analysis confirmed
that spectral features could effectively differentiate toxicity exposure groups. This study immobilized whole-cell
biosensors within an agarose matrix, achieving a portable sensor design while maintaining cellular activity. By
combining luminescence inhibition assays with Raman microspectroscopy, a method was provided for assessing
heavy metal toxicity in complex environments.

B02-P04
T 5 R ) 2 S o0 7 B B A F LI OB
WRBE 2. RAZ T RE S, SRS BRRERA . pRart
1. HARGHIRHEE =R AL
2. MK
3. iR
TSR, EEIRE LT RIS, CiRHR RN ERRIEERE, E R SE5
RIEFER 24, KRN RT HEm)— A FEEn i 7%, BB AR 0 w5 FE DT M Ak
BEAY, 55l RIKERSI FEEER IR, TR - R B IR . VLT —Fh R SR T i A 2R,
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HL LA LEE T, A RO A, 2R NBEARR T2 — . AT RS N5E =
NFET S REREBIRFNRER], BRI AR T R AER, Gl AR T RRIE AL TR, SR K A% 26
AT TRGER A NI ZEE . 2B A SR R K . Hg/K rh RES DRI P AR Ae € 2t (10
min, EFRFE>90%), ZUEERTEERE pH 22N T 0.2, MUEZH/NT 1, KEIEIT (50 rpm) ZUBHA LR FRAS
SE o AT 2% B 2R B BR AT B, SN %R, ZE TR 2R 7 AL S FRAEL, A B T2 ke
EBRGNRE SR

B02-P05
ETHBTARARKERABHE T AU R 6
Tkt HEEER 2. VIR 2, Bkt
1. JEHE R

2. AL MTENTR K

HAT, HESREHE S AR REFERI LB EE T, EFRE AR W A4 B v A8 00 BRIR o 468 4 [ s e
FEM 30% LA I o 7ELRRRE 2 AP SEETIE FE I RTHE T SEILA UM 51T RE N T RREE R R I B R, 2
SRR H BRI AR 2 — o EFRHX— Pk, AW 73 T B AR R B R T — R AR R 45
HBEBETRRRY, ARG E THELHIETE (DPRW) FIk 1 5h A48 4 #1755 52 (SDRCR).
DPRW R 5 A S 1 15 K PEGIE k%, H o ml D 0 18 1 i 252 T 35 ~92%, 3T 21 41 isk B 114 18 i 1t P55 A ~82%5
LA R ST SEELE )3 (A e=~0.6). X{E1545%, DPRW RSt = MR8 % {k~14°C. SDRCR
TERBEIMAZI S, WEERE TS, W IRUEERSOEHE (8-13 mm, 16-23 mm) P 116 £t i i e 1
T (A emax=0.6/0.64), VLBHATEIRNAIZIEHET ., SDRCR LI T 4854 SRS RIEIR S IO U) e, 7
B[ IE~50C, ToiRk TG HASESHHIA K RIRYE. SDRCR (R il #H4T R Ak i e ], F3RE 74645 A
O S 1) VA SR SUA R 26 226 . EnergyPlus BE4ULTHEL SR B, 78 28 S S 2648 T, 5%k T DPRW 1 SDRCR
MRS, HAETETRERATIA 99.5 MIImZ Hrh A HIGEFEN /D2 80%. AHIF 7T & VoK B 348 L B R 5
NERMER RS, FHiEd 2 B BOGE RN fe S gt 7 — P BT &, SKBL T RERL. R%ER
TG PR RS I I 1 2 [B] P4

PURRRL
A AR A K B T K R M PR T I 5L
RG>
e B SR A B 2 7]

AR, AR N IE R IR T ™ 7, A SR A S K B T R R U 3K K, B PRl
FUF . RSN RS, WA TR Wi WHIX, SZ2ah/K RIS, 375 /K B T K R e 52 396,
{EAHRVEMN T VE M T Tt e ARSCRIR T3 AR I PR FRFRIESRE . VR bRiESE T TH T
WEFE, 58T AR A KR e MEIE A R R IR 1R RS 2R B0 VP AR &5 SR 28 7 i
MELMHERE, WAFERZEN 100mm, JEEE 50mm; eI NPTh B ReREE , TN PR N KRR IE 3R
JaBS R FEA /T 1.0MPa.
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