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Performance and Mechanism of CoFe:04/Silica Aerogel in Activating
Peroxymonosulfate for Tetracycline Degradation
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(1. School of Chemistry and Pharmaceutical Engineering, 2. College of Energy and Power Engineering ,
Changsha University of Science & Technology, Changsha 410114, China)

Abstract In this work, a porous CoFe,0,/silica aerogel gel composite (SCF) with a high specific surface area was
successfully synthesized by using silica aerogel as a CoFe,0, carrier. The catalyst was systematically characterized by
scanning electron microscopy (SEM) , transmission electron microscopy (TEM) , X-ray diffraction analysis (XRD) ,
X-ray photoelectron spectroscopy (XPS) , electron paramagnetic resonance spectroscopy, Fourier transform infrared
spectroscopy (FTIR) , and nitrogen adsorption-desorption testing. The analysis shows that silica aerogel greatly
alleviates the agglomeration of CoFe,0, nanoparticles, and the successful loading of CoFe,0, enriches the pore
structure of the composite while retaining the high specific surface area of silica aerogel. The optimized SCF-30
achieved a removal efficiency of 84.79% for 50 mg/L. TC solution after peroxymonosulfate (PMS) activation with low
loading amount. Through quenching experiments, SO;~, '0,, and "O; were identified as the main active substances
in the catalytic reaction, and possible reaction mechanisms and degradation pathways were speculated. In addition,

composite materials exhibit excellent stability and pH tolerance. This work provides insights into the design and
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fabrication of highly stable persulfate-activating materials.

Keywords Silica aerogel; Ferrite; Tetracycline; Peroxymonosulfate; Advanced oxidation process
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R PP S B, A RN AR 4 T AR AR M 22 S AR AR AR A )

A SCPL AR A, il T — R A R R R T L T ARG R RS E T R R G R
KL, BISi0,/Coke,0,(SCF)EZAM KL, il —B 0o T HIG bt R 5L (PMS) B /K H U FR 2 (TC) i
Bk RE , FRIE T CoFe,0, 1417 kit RS I B % 52 G b B HIE AL A RE 1 iz, 1He T U655 PMS 1)
WREE IS YL | AT | TCHLIES - . U pH RS [R) 5 G ) X R A 1 R B S , 4R5% T AT g
(IR A AR

1 SEI8ES

1.1 RFIEEE

HIREK [ Fe(NO,), |, A4l iR, [ Co(NO,), |, 434l ; PUMER(TC), FEZIL(USP)Z; L milig
S (KHSO,) , & iE=42%; Bk — &40 (NaH,PO,) , 4l 98% ; #UT HE(C,H,,0) , 4 99%; L-4 % 1R
(CH,N,0,) , 3 Mrali; %} (CH,0,) , 4l ¥ 97%; B (CH,0H) , 4 & 99.5%; ¥ A7 & (CIP,
C,HFN,0,), 43#r4li; 2P B(RhB, CyHy CIN,O,) , 4374l ; XU A(BPA, CsH,0,), 43#74d, DA Eik
FEE A LB T AR A PR A F] AR AEREBE (Si0,) , 20000 nmx1500 nmx10 nm, JoEHFHELE
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AT AL AT BRZA w5 f8AR (HNO,) , 3Bl , s i BB b2 St AT BR A 5 BR 2040 (NaHCO,) , 434,
RHEH 2R FRA R s SN (NaOH) , A0 A2l Rt i Ak 271 il A PR A | &fk
1 (NaCl), Zr#ral, ik 27 )5 oK QBE(CH,CH,0H) , 43 Ar 4k, Kigtsoe fb 2= A BR A
H); 3,3,5,5- DU -1 -nk g bk V-4 468 (TMPO, C,H,,NO) F1 5, 5- = H B 1-AH 1% k- V- 4804k 1 (DM PO,
CH,\NO), Zrtfrali, EEETEA . KEF/K (A 18. 2 MQ-cm).

RINT2000 %4 X HF £ A7 4L (XRD, H A Rigaku A H] ) ; Regulus8100 5 73 HE K 37 A& I 414 Ho 7 2. 3k
Bi(SEM, HAH 2 F]) ; Titan G2 60-300 5 43 HE 4835 S L 0. 58 (TEM, 26 [ FEIZA F]) 5 250X ADY
HLT-AEIE (XPS, ZEEFEER KR BHE A A, [l C,=284. 80 eV 454 RE N HLVEHFATHL M I, Al Ka
RNERBRIR, S ERES LT 5. 0107 mPa) ; Avatar 360 B{# B - 28 27 /M EHEY (FTIR, 35 H
Je i SRS T, IRALBRL T, 4000~400 em™) ; EMX PLUS U 7%t 45 33 {1 (EPR, 26 [ Bruker
25+]) 5 1290UPLC-QTOF6550 # g AR 431 - B3 43 B (LC-MS, SE[E Agilent 22 H]) 3 U-3900 UV/VIS %
AN IEIERET(H A H 3728 H]).

1.2 LIeiE

1.2.1 A B & SCFAEE R : SCFEAMBER R ERIABEEITHI % . 45 1.0 g A bhE
SEERIMA 60 mLZE 7K, FE4HE 30 min fEHI 5] 080, FRI0A—E B EE/R LR 1: 2 (DR FR K 5
ERAS , B4 30 min LSS 2R, A &8 R TP R S AP EIR)G , & 95 CRIBHR Lk
PP B R AR OB, KB E T 105 “CHEAS TPt T 24 b, 15 3 09 28 6 A YE — & IR B2 (400, 500,
600, 700 “C) MR 2 h, ARG FIRY A £ B S7KIR A TG P IR PE R 31k, IF7E 105 CRHET24 h,
138 Si0, TEEAL/N K CoFe,0, 5 KH(SCF) , ic 4 SCF-10, SCF-20, SCF-30, SCF-40 F1SCF-50, 10~50
'3 CoFe,0, AR T HL/TEL. CoFe, O M BHA AL : 755 SCFAPRHFEIRERI 20 T T, ASINA Si0, <5k
Jig, BRI 152 B A CoFe,0,41 K} .

122 Wrseih BAEFREL 2 BEARSCIOTE 50 mL B0 e T, 8 RS A A48 (0. 1 mol/L)
PRI pHAE (3, 5, 7, 9, 11). K—&E BAFEM (LI SCF-30 R4 A F 30 mL—E W (25, 50, 75,
100, 120, 150 mg/L) TCH#FH H, F£ 5 (SCF-30) ¥ B 435124 0. 10, 0.25, 0.50, 1.00, 1.50 g/L, gk
20 min DAIK B B/ . RS, B O TP — W EE (0. 5, 1.0, 2.0, 3.0, 4.0 mol/L) ¥ PMS
W . RONIFIR)E , R E R Z0(1, 3, 5, 7, 10, 15, 20 F130 min) BUH 2 mL S8 A, 5 1 mL B
RA, TP R AR SN . R AN E B T A =355 nm " 078 WK B Rt S TC IR MR B . ARl
TR RGN EBRER, %)

R=(c,-c,)/ c, (1)
X o Fom BARTG Y e R SOV IR E] (o) T AR BE , 17 ¢, Fn HA AR BE . Ry 1 DA Ak 5] B A 38
(BT RE , B4 Y SN I A AR R BRI K (50: 50, AR ) VAW S e 3 Uk, FE8 T 105 CHEAS
WHET 24 h, FIF NUR N . IBE 2050 1 2040 0 - 4R A &0 0. 50 g/L, $hR DU IR Uk i oy
50 mg/L, IEIRWILA pHAE R 7. 0, 3 —#ifRE: (PMS) FHE A 1 mmol/L.

2 GRS

2.1 EUEFIRRIE

i1 SEM AL TEM SHEALFIATE SR 25001 1 1 AR . I S1OIA S 575 8. FR 4l CoFe,0, /R HHAS
TRy PR IBORE , 18] CoFe,0, Hi BIL™ B AT SR I GE , A SCF-30 1Y SEM & AT LUE HY, CoFe,0, UL,
D e A AR BEC R T, BRI R E 1(A) ], XF SCF-30 #RHEFT T ICR B /38, 4n
B 1(B) i, nLAMEL S Fe, Co, O LRSI A A ALRE B R M, R A bk BERAEN
FAXT CoFe,0, FURIE R T A /8 . B 1(C)FI(D) A SCF-30 i TEM B A, B L CoFe,0, ik 4>
B RAF, RSP S nm 247, dbk&A80E Mo WL, AhIAITAEE R 0. 210 nm, XF1 CoFe,0,(400) A i,

K FH XRD XA A 2R A3 A AR AR SS F R T T 3RAE . QNIE 2 IR, CoFe,0, 2830 H B B I FEIEATT
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Fig.1 SEM image of SCF-30(A), EDS image of SCF-30(B), TEM(C) and HRTEM(D) images of SCF-30

S, I35 CoFe,0, AR UE PDF & R AHXT i, AR AU iR SBEIC 7E 20 =21. 18° 4b H BRAS 2 BU G 06, T
SCF-307E 26 =21. 051 35. 85" &b KRB i 2 MFAEAT U, 435I XTI A 92 (101) f 1A A CoFe, 0,19 (311)
Fh 1A, PE—2 W CoFe,0, AR I 282, & S2(A) (WA S (5 B0 M AR [R) F 2k A 57 B9 XRD 3%
B, AT LR, 53R AE 20%~50% NI, 7E 20=35. 74° kb ¥ P CoFe,0,(311) i 1 A ERAERT
Shige TS AR N 109% B, HE AR WL E] CoFe,0, BIFFIEATEFIE , X &l T CoFe,0, & AR, AT4HE
SORERES, INTAEGIIEE . [ S2(B) A FMB R N 1 SCF 2 A4 BHY XRD 15 &1, AT LAE
B BRI L LT, CoFe,0, A fh RS #4 BB (5, Ui BBHBEIR B 7E— EFEIE 23520 CoFe,0,ITE
R, AHFEAFZ M BRI LR A RE , X T LU PR PR R A 0 Si—O 8, ARl T A4k
SR, MRS ERE A E B CEEAER . AN, I I XRD 35 & 4 1 I B R
S0, FRITCZ AR .

3% AR ARE SEEIL . CoFe,0, FlI SCF-30 & M RHEAT T FTIR VG, W3Rl LIFEH, =
HHE 3430 em™ 22 A7 YOI A —OH AR IR ), 16 1625 em™ 2247 BRI IE S —COO A4 B 55>
IM7E 1100 F1467 em™ A2 47 (AW MSCIE AT A DR F — S0 AR SRS P 114 Si—O—Si 8>, 75 802 em ™ b AW UK

e CoFe0, Si0, acrogel

¢ Amorphous SiOz. 1630.59

05.22

3427.61

. A . . ¢ COFGZOA 2
ettty L L VTS S, NG 110821 e
Lo
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g o
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Fig. 2 XRD patterns of CoFe, O, SCF-30 and SiO, aerogels Fig.3 FTIR spectra of CoFe,O,,SCF-30and SiO, aerogels
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W] DL H R T — AR A RS B h 24 B 0 Si—O—ALEE ™. 5, 75579 em ™ FiE T A4 W i s vl 05 P51
HAMEIH Fe—0 8, M T CoFe,0,7F —FALAEBEI i B Mah 48>

3 2 R B B S50 (BET) 43 Hr T AL 700 ) e SR BRI LA 4341, anEI S3(A)FI(B) 5 ST
ASCZHRHFEE) PN, SCF-30(192. 312 m¥g) HA 5 A b AEEEL (197. 205 m*g) ML LR THIF, &
HISCF-30 2 A M AMRE R T —FALrE B RA M 2 L4540 . AT Ak B, SCF-30 Ao
FIFLIRFRRIFLAS , X2 T CoFe,0, T 5 T SCF-30 BIFLEREEH , X3 hin 1 AR5 i M B fih (1) 2
PNEIETENLE . AL, B MR SRR LR Y S B R AU TV RI AR 28 | JF 5o B, BV IR 3R, RO TR (R4
B AFLA R

R T 2R JC ARSI T b, MR RS 21T T XPS RAE . XPS 2% 4n &l S4
(ARG EO PR, AT H, SCF-30 H1 Si, O, Fe fl Co 4 M EMIAL. Si,, XPS T EI & 4(A) B
7, AT 103, 7 eV AL I v — AR AL E S BEIE Si—O B, 0, XPS ¢RI 4n & 4 (B) iz, 7E532. 98 eV
AAELE 1A B2 HRRAE DG, AT LAV DR T S A AR (GRS SRR BT 40 . Co,, XPSTEEIH 21~ ATERLIA
RUGERFIEWEZE R, I RIS S & TR IE[1#14(C) 1. 2T 781. 03 F1785. 18 eV ALAYIERT I T Co,,, , T
{7 F797. 30 eV AL IEA F Co,, . BLAN, 177 789. 40 F1805. 80 eV Ab (At T 1 F Co,,, Hl Co,,
G 2 TR IESY. Fe,, XPS & h 2 LI [ K1 4(D) |, Fe,, W] HT A P> (711,59 eV Al
714.56 eV), ML ERELIN 725. 56 eV AR IGUERT I T Fe,, . MO, A 14 TURIE(E H 719. 80 eV
ATLAVE Y, FEfHRTIG , SCF-30 &4 MR 4 b 250 R M IEE DL 5 43 HEE h Co il Fe Hfb271K
WA REZN, BRI T e e v, X 5k Si—0—Si S R %A G .

(A) 103.72 eV (B) 53298V
Fresh Fresh
Used JL Used
| | | | | | | | | | | | | | | |
110 108 106 104 102 100 98 96 94 540 538 536 534 532 530 528 526
Banding energy/eV Banding energy/eV
© e D) 725566V 71456V,
Fresh B Fresh 719.80 eV 11.59eV
05,80 o 797.30 €V789.40 &V 781.03 ¢V e é Y 25 ¢
725.67 6V 714.56 ¢V
5 785.23 eV 719.83 eV 711.59 eV
3 7789.52 eV
Used g5.49,6v797.34 6V ¥ 781.03 6V Used
| 1 1 | 1 1 | | 1 1 1 | 1 |
810 805 800 795 790 785 780 775 735 730 725 720 715 710 705
Banding energy/eV Banding energy/eV

Fig.4 XPS spectra of fresh and used SCF-30
(A) Sizp; (B) 0, (c) COZI,; (D) Fezp.
2.2 TCHIFEfRIERE
AT B RS, RTE T AN 2 D B S AR B TE AR A RE I 2 . P S5 (A) (AR ST H
5RO TG 3G SCFEAMEHYTERE, £ 10%~30% 1951 2 Y, SCF &2 4 bR R
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PERE 5 Mgt S EA DG, MR B — LT, T CoFe,O, A K BRI HI R E & , LA F 1
AR B ALBRE B, S TG RRE DT, TG TR AR BORBEAR . MBI B X SCF &6 b4 L 5% 1w 4
FIS5(B) 7N, Al LA B, JBehe il Xt & 5 MRHR TG FL R A P RE LT e . i T e 1 il £
MR 30% ks, BBRRIRE A 500 °C.

B S (A)FI(B) 37 T AN [F] TC AR 2R 1 82 o6 e A o 4 R 2 B o AR L, AT UR B, ZE A PMS
J& . BT PMS 1Y B fVE T, X TC B — & REMVER] . 26 — S8 A BRI AE 30 min AT 100 mg/L
TC 75 T B B A% 37. 4%, T 28 CoFe,O, M BHE 30 min N R 62. 7%, W4l CoFe,0, 41
BEEA LS 00 LR R RE 77 . Il SCF-30 52 & A1 FEHE 30 min I TC HFEFFRCEIRE] T 78. 1%, 25 3%
B, 1E CoFe,0 MR BRI BL T , S230 T 0 w5k B TC 19 s 38R Wi, 200 SR TR AL ek B . ST
PURF LR R (1) A AR SBEAE 0 3, A5 850k % T CoFe,0, 94 K UKL 1) H 3 I 5
(2) CoFe,0, 4 ARIRL 1) 7 2k A PMS HITEALER AL T 5 Z2 BTG PEA7 555 (3) SCF-30 HAT KAy b R AL
R, ATLMESE TC A F I E 4, FEmBRRReE.

100 100
i) = (B) [ Degradation
S0k ! S g0t [ Adsorption
i &
- : 5
S 60f | ——Blank g 60
$ ! D s
= 1 o1 acroge o
° 4p 3 —~—SCF-30 5 40
81 °©
2 g
20k §§ &’ 20
il
YR 1 1 1 1 1 0 N §
=20 0 5 10 15 20 25 30 2 o o o
N & $& cs
Time/min he Q‘;pmrz’ e S
100 'E(C) = o o5 = 100 (D) [ Degradation
H = (1 = 4 = = 5
ok : g % .- g S 30 | [ Adsorption
& & & & %
=
S 60 2 60
3 b 5
S a0t Al E s 4r
:\\ : \\ 5 2
' ' ' ..
20k é - ' —|! '~ &) 20
I:i 1 1 'li 1 1 :i 1 1 :i 1 1 O
0 15300 15300 15 300 15 30 o Y &7 P
Time/min Time/min Time/min Time/min ® g R

Fig. 5 Adsorption degradation curves of TC in different systems(A) and adsorption degradation bar chart(B),
recovery adsorption degradation curve(C) and adsorption degradation bar chart(D) of SCF-30

N T REM AL B RR e AT AT [N, X SCF-30 (547 T IRl 8 42 S5, [l i R o o8 £ bl 2 AR
BB E 5 (CO)F(D) fitzs . ATLVE M, FESE T 4 R DR A 5256 )5, SCR-30 473055 95% LA - i B
B, FETE B9 XPS SR 8L T SCF-30 M BMIE i fb2efee v . B A M kR 5 fL 1A N kiR
BAORE DL EATE NS S RO, MHEA S TS 5 RN, e T 408 & T b s s gy, 27 b, i
PMS 232 H1 SCF-30 R/ —F AR e . A8 %50 HL o] S04 (50 FH A L 22 AR AL 59 FH 35 e P iR A B
23 RMNALIE

N T AW SO R 1S A, SR EPR B E T AR R T BEAEAE AR e IR . 4l PMS
FISCF-30/PMS ) EPR 1 I 4n & 6 (A) F(B) iz, fi H DMPO FITMPO /34857, 4540 OH L SO,
ML A (10,) . BAR, PMS/DMPO F1 PMS/TMPO 14 2 2 54 H B AL , 17 7E SCF-30/PMS/DMPO
FI SCF-30/PMS/TMPO HH 43 31 H B0 T 5 35 i 58 3k [t SRR AR 04 | BR AR AR B P JE R AF 06 iR 2 8 A 4
fiElg , FH] SCF-30/PMS AR R 164k PMS 72 A2 T F & (19°OH, SO, F1'0,. {HAFER M, FETF 1 min, 7E
10 min J7 SCF-30/PMS/DMPO #l SCF-30/PMS/TMPO {4 2 H B R RAE I 5k FF i — 2035, DA &Ry 2
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A) DMPO/PMS B) DMPO/PMS

DMPO/g(;IIZf 0/PMS TMPO/SCF-30/PMS

. . 3 2 . i ’! 0 min

p DMEGISCESUIEMS TMPO/SCF-30/PMS

b ) 10 min . + * 10 min
- DMPO-OH
+ DMPO-SO, +« TMPO-'0,
1 | | | | | 1
03460 0.3480 0.3500 03520 0.3540 0.3560 03460 03480  0.3500 0.3520 03540 0.3560
Magneic filed/T Magneic filed/T

Fig. 6 EPR spectra of SO;” and "OH(A) and 'O,(B) of EMS and SCF-30/PMS

TGV TRt [A) i — 20 AR, AR08 AR S, iR 28k A T
WAL, T 320 S At B TS M RN S, X SCF-30/PMS A R 4T T H R SR SL 00 .
CZEE(ECOH)YE N SO, - BB KA, BEFERUT B (TBA)WERR OH, X 2KHR (p-BQ )M IR 4 A H3E (10,7 ik H
L-AH R (L-His ) X 'O, A 7R S5 F A S6 (WA SCZHEF B PR, IABUT B)5 , BEff: 50 B
Bk, UL OH A& R N 2SI . TN I L2 AR A 2R, R R I b PERE
ERAWH, BT SO, -, 10, H 05 AR SO b S S PR A
HRAE 3 A S 06 FEAF 45 S A DUAE 9 Sk [ 36~38 141 , 4N T SCF-30/PMS 14 2 19 145 AL B i AL i
(Scheme 1). 4%, BEMBIERIEM Co™ Tk /A UG LR IE , ZEAEALTRI 1A = (Co—OH )",
SR JF = (Co—OH)*" 5§ PMS #E— 4 J2 i A= i SO, Fl CoO*, CoO™ 55 H FZ i A= i Co™. b4k, Az i) Co® AT
Phitt—20 5 PMS i, ANTTITSEERE Co™/Co™ Z M AN S AE IR, N (2)~3K(5) Rt 5 —Jrii, PMS A
IR reAE 07, Fer VLY 0 e i A il Fe?, :"r""l
[, Fe 0] L5 PMS 2 i, S23H Fe*/Fe™ 2 ' SID S @ . |o&e-a
B B A 05 28 [ =X (6) ~5X (9) 17 1o, i; : &J
FE R T S0, 5K O 7 A [ 2L (10) F
KD 5 AES A R SLRERT,
SCF-30/PMS & 2 S B T X} TC 1) =5 %5 R fidk
(X(12) ], &5, LSS0 AR k- Tk
FH (HPLC-MS) 43 T T SCF-30/PMS 14 £ 14 [%
ffrh AR (RS2, WASCZRGF R, Hik—
A HEI TR BB AE LR 1Y R A RN AR AR AR,
Bl STA SR 5 B R, TC o F1E4
i —RAN AW AL, JFIR AL, FRILEFIR
NG, 5, NS Y s e
PLEF, w4 bk, 7K. NO; VI N NH;. Scheme 1 Possible mechanism of SCF-30/PMS system
=Co™ + H,0 —> =(Co—OH)" + H* (2)
=(Co—OH )"+ HSO;—> CoO" + SO, + H,0 (3)
=Co0" +2H" —> =Co™ + H,0 (4)
=Co™ + HSO; —> =Co™ + SO, + H" (5)
(6)
(7)
(8)
9)

2

@)

HSO; — H' + SO2~
SO:"+ H,0—> 0, +SO0; + H'
=Fe” + 0, —> =Fe” +0,
=Fe* + HSO; —> =Fe’ + SO, + OH"

7
8
9

Chem. J. Chinese Universities, 2025, 46(9), 20250107 20250107(110/112)



. P4 s Hg g R

L cremicausournac oF crmest unversiTies
280;"—> S,0:" + '0, (10)

2S0;” + H,0 —> 1.5'0, + 2HSO, (11)

SO,” + 0, + '0, + TC — Intermediates + CO, + H,0 (12)

24 NEEZEMEN

TESZBRIV AT, 9 7 A RN A [F 3R 48  & XF SCR-30 AL PERE RS20, BIF9T 1 ik 0] i 4
PMS . TCYRJE | BR8% pHAE . FREETCHLEH B 7 A [R] 75 Y ) 6 PMS i Ak B fige P RE (R 52 i . 4
IS8 (A) (WA FFF B) iR . FiE TCH R ET, R R0 PMS 4> FIMFEH R 5, BRIERCR L
WrREAR . (HAERREE TC (150 mg/L) T, SCF-30 4134 e 24 1 R A 8023 (70. 9% ). Ak 57 FH 5 70 PMS
HEX SCF-30/PMS 14 2 [ 5 R AU 52 ma An i S8 (B) AN(C) B, S AL 7 FE M 0. 1 o/LIRTFZE 0. 5 /L
J& . TCREfRCRE R & . SR AR St — 204 S i, 8 S ERRCR R L, X ]
RESE 1 T o AR 5 L A8 B 0 R BRSO . HEAh, 24 PMS US4 A, TC R R4
XA LAE R T 5 2 A PMS 2045 0T

F£ SCF-30/PMS R R H, TC AR5 S WA 4f pHAEZ VIAHSE . AAEISO(B) FI(D) (WA S F5(5
SO IE 1, 24 pH7E 3~ 11 IIFE I NI, SCF-30 BB T AL b BE . TERRIESF R, TCRE
i RS AT T B, MAERRVESRIE T, A PR B S i e A i . HEIUZE B S5 E T, [ fi
HORPE I E AR . (1) pH 25200 PMS 20 F 1050 il FAEAETE S, HSO, R A48 FRRPE A iR 2R
o, T AEBRE 251 R (pH>9. 4) , HSO; 2354k 3 S04, (2) TC4» THEAIE pH F LA L R AETE,
TE pH A R PERT , TC A LA TC TR RAEE. (3) ZEh RS itk 25, SCF-30 52 & pHRkY R 1
W IE LA, AT LA S b W B A 6 B 7 6 HSO5 /S0~ AT TC 4311, bAbh, BF5E T BHLBH &+ (H,PO;,
HCO;, CI7)XF SCF-30/PMS 1A 2 [#f TC A 520 41 SO (A) FI(C) PR . 25 %M, ZEAFE - T4
TEOLT, SCF-30/PMS & ZARELR UL S OB fEPEBE . ST XA ETS 424 (BPA, CIP, RhB, TC) W7 T
Y (E1S10, WAL HEE), LI SCF-30 % TC, RhB #l CIP ¥ AL S @ RE , %) BPA 4
FEMRSCRANE . BILR] UL, SCF-30 & A M RHEA DL i BR8N A e o, - HHA T 12 1% pH i 32
Pk, HHA A SZBrR A .

3 & it

DL ARSI R B AR £ 3K CoFe,0, MK}, il T — BB (1) PMS TG fb M4 K} Si0,/CoFe, 0,5 A 44
BEHSCF). #5817 iz im AVBobe IR B ) HOE AL MERE RO =2 MR, B0 5 1 eI A Tl 45 2514 309% 7 28 45 il
500 CHEEEIRFE . SCF-30 FEMIR AR B L T SEB T X TC 1 = 3R, 30 min PIXT 50 me/L TC Y 2Bk
KIRF 84. 79%. {ETHALFEMRFEA, SO, 'O, 81 O; EH) T HEMERT, A AT BEAEAE 135 1k P fift
MU, Ak, SCF-30 HAT W5 A Fa e MR pH TN A2 1k, 78 4 RAGFR [TSCSE 6 A 32 (9 pH YL Bl N, SCF-30
PIRe IR RE R AR iR R ) . R SE TR B A, $EH T TC I ERE RS . AAWFSE A il —Fh
e pH R A2 M FgsUE M A 2 A7 PMS 15 Ak AR B AL 158 i) SIS

X #4138 Whttp: //www.cjeu.jlu.edu.cn/CN/10.7503/cjcu20250107.
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