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The System Factors of Rhodamine B Degradation by AlICoCrFeNiCu
High — Entropy Alloy Electro — Fenton Method
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Abstract; To investigate the variation patterns of the degradation effect of Rhodamine B via the electro — Fenton
method when using AlCoCrFeNiCu high — entropy alloy as the anode,and to improve degradation efficiency , this
study employed UV - Vis, FT — IR, SEM, EDS, and XRD analyses to investigate the effects of different voltage

levels, electrolyte dosage ,and reaction solution pH values on the degradation rate and degradation reaction kinet-
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ics,as well as changes in the microstructure and morphology of the high — entropy alloy before and after the reac-
tion. Results indicate that voltage exerts the strongest influence on the Rhodamine B degradation rate , followed by
electrolyte dosage and pH value. When the voltage increases from 3 V t0 9 V and the electrolyte dosage increases
from 20 mmol/L to 50 mmol/L,the degradation rate and reaction kinetic constant of Rhodamine B gradually in-
crease. When the pH value increases from 2 to 5,the degradation rate and reaction kinetic constant of Rhodamine
B first increase and then decrease. The electro — Fenton degradation of Rhodamine B by the AlCoCrFeNiCu high
— entropy alloy follows first — order reaction kinetic characteristics,and increasing the voltage will change the re-
action order of Rhodamine B degradation. The degradation of Rhodamine B by the AlCoCrFeNiCu high — entropy
alloy occurs via hydroxyl radicals ( -+ OH) generated from H,O, produced by the electro — Fenton reaction , which
disrupt the C =0 and C =N bonds in the conjugated structure and the benzene ring structure of Rhodamine B.
The AlCoCrFeNiCu high — entropy alloy is composed of regular dendritic crystals. The electro — Fenton reaction
induces intergranular corrosion, increasing the pores between dendrites. The phase composition of the Al-
CoCrFeNiCu high — entropy alloy does not change significantly before and after the reaction , maintaining a dual -
phase structure dominated by FCC with BCC as a secondary phase. Optimal process parameters determined by or-
thogonal experiments were a voltage of 7 V,an electrolyte dosage of 40 mmol/L,and a pH value of 4 ,achieving a
degradation rate of 93. 98%.
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VRS BB AT R B AR S ARGE . S I , AR SCR DB A 17 6 35 1 5 19 AlCoCrFeNiCu #5455 4 4 electro — Fenton
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4G, Lk Al Co Cr Fe Ni Cu mlifi R (4R 99. 99% ) i J5UkE, R AT R 16 4212 % AlCoCrFeNiCu
G A RS IC ] 20 me/L B9 B FEI] B JU, LA AlCoCrFeNiCu 47 45 48 i BHAR 7 85 O 4% . B K
Na,SO, Jy HL I, Y H, S0, Rk 2K R BCI ) pH {EJS B BERR A 30 C AR IRKAR s e, 3T A
DA VT PR T S Ol PR i 2 SO AR A B, WL IR i 2 P WD B KRR S h, SR B AN IAT 1
Fi7R.
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e C, i C, 43315 electro — Fenton 52137 i Rl J ¢ Fig.1 Diagram of the electro — Fenton reaction device
20 % PH B VAR

I VWO B KBr Jr |, A5 T4 5 F TENSOR27 i B 2L MG 1% A I A5 A [w] B gk 1 ] T 24 7+ B
LA

AR F RISk ZEISS Sigma 500 1937 & 534 Hi 455 ( Scanning Electron Microscope , SEM ) & RE %1%
( Energy — Dispersive Spectroscopy, EDS) Wi%X electro — Fenton J i {ij i AlCoCrFeNiCu BG4 B OTIE 5
FITCER /317, R MiniFlex600 X 52 A7 55060 B 250 /2 7 Hif fi AlCoCrFeNiCu =ik & & dE AT AR WS, 49
FTEHE S 20° ~90° , N 5 °/min.
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AlCoCrFeNiCu =i £54x electro — Fenton 32 [ ff# %/ PHU] B 2 M/ 5 4 19 Fe 78 BAB 10 A 1
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K& fit A R T R S H R L SR FR 22 B0 T 35 0 &5 S k47 Tab.1 Orthogonal experimental factors and level table
I3 GE SR L 2 SHFS A/ (mmol - L") B/V C

" ' 1 20 3 2

HIZE 2 B4 SRl i, 45 I 2 PHI] B R A R 1Y ) . s A
AR g - W AR (B) > HL fif B B i (A) > 3 40 7 6

R pH {E (C). AlCoCrFeNiCu /5 /& 4= electro —
Fenton 15 [&f# D FHH B (W EAHE T2 : B3A3C2, B KA R 7 V., HLfF Al 40 mmol/ L, 52 W% I 1
pH (B8 4 32550 % P B B REAf R iR , o4 93. 98% .
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2.1.1 BEXT A B REERNFID #2 EXRBERSH
K 2 AR HL &R electro — Fenton 7 [4f# % F}H]  Tab.2 Analysis of orthogonal experiment results
BIOKERCE S R R, i A B e v

A, R TE R B P B e 8 2R 0 i iy 7E e g T (mmol - L)
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107 VROV EE T MR b A S TR 4 30 34 5330
AN AT LA th B R RO, B B g S 30 5.6 848
PR AR LA S b O V iy 0 " Ly
WEf% A 95.96% , 157 VAHILIUIUR S T 1.98%. 1 4 40 s 5 8 51
W% e B GEFE A8, LR R 7 VBRI ATH 2 AlCoCrFeNiCu 9 40 7 4 93.98
%hﬁ%i\ﬂggﬁgﬁgg* Ka 71. 81 49.89  75.08
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3G, A S 22 L F15 8 , electro — Fenton 2 HEATAHEEPR, B P B A 8 At 2 ARG 5 24 KA Ak 10k 1)
5 h iF,50 mmol/L Hfif FRASHCER A REAR Ry 96. 7% , A1 LE 40 mmol/L IHANUALR 5 T 2. 72% . % JE A Al
A LS ST B 2 40 mmol/L BV 5 L A A 5K

100 — 100 ——
o e e e
— 80 - / " / -
/ ./g/././. = 60 A /‘/ /. //
o« ‘Fva' hd /
[ S Sl L0
o—o & /‘/ . " —aA—40 mmol/L
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T T T T 0 T T T T T
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A /h i Ta]/h
B2 BEXNZ A B EFEAZIT B3 RERERMEXNS B EEREZIT
Fig. 2 The influence of voltages on Fig. 3 The influence of electrolyte dosage
the degradation rate of Rhodamine B on the degradation rate of Rhodamine B
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B A IR AT LU Y, 2SRRI 1R17E 2 h DL I, pH Oy 3 592 FHIT B At A e e 5 4 fige o)
[l 2 h DU pH O 4 BYRERERIE S 08, 1L 1 pH Oy 3 BR#fgR s R SEE I 22 3.5 h J5, pH 3
4 PR A T A2 HAZEAI FEMFEI N 5 b IF, 1 A g 3 23591 0 94. 69% Fil 93. 98% . [N I % J&
#1224 EGATH AR, pH B 4 B AL AR 280K
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2.2 AlCoCrFeNiCu B§& £ electro — Fenton ;x4 T F18 B R M Z1 H 55T
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tro - Fenton VFEAR JHUT B BORRLALE, XRRIKR AR & o] i
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IYBIRAIE G — % O B SR BRI A, LA, )
In(A,/Ay) 1/A, —1/A, AR E R AR IS A BUR REh ls 10]
LR FHDGCHE 5 R LI S FIZE 3. fi 3 AT, — S By 1 2 3 4 s
R 5.5, 58 AlCoCrFeNiCu &4 4 electro — Fenton 1[4 N/

I B (LA G — B, B n(A,/A,) S B PHEXISAE B REERZE
SARHE T HARRRR N AN K, g gy e The influence of pH valuc on the
e e In(A /A,) = —0.617 S6r. degradation rate of Rhodamine B

Reefit /%

0.6 = BB 0 1 . BB = ZFHUIB

— BT R . — R A 01 e LTE PRSP
0.4 = .
4 -1
=) & -10 1
<, I = s
= 2201
0.0 3 5]
0.1 . . . . : . . . . .
1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5
M a)/h s a]/h I a)/h
(a) BRI 8 J1 = A LR (b) —ZJ WL 8 4404 M 2k (¢) ZH B gl 1= A 4k
& 5 AlCoCrFeNiCu 5% 4& 4 electro — Fenton ;%[ 5 B R B A EFH & 2k
Fig. 5 The reaction Kinetics fitting curve of Rhodamine B degradation by electro — Fenton
method with AICoCrFeNiCu high - entropy alloy
2.2.1 BIEXZ A B MR R B 3h 1 F B 2200 & 3 AICoCrFeNiCu 5154 & electro — Fenton
Kl 6 Fie 4 HAFHEET AlCoCrFeNiCu S & 4 ERET A B HREAHSHEXERY

H 25Uy fe i 2 P B 1 — R e i o 1A £ F1 Tab. 3 Reaction order and correlation coefficient of
MESH 34 5 JHHFEN 3.5 f17 Vo R? HWKRF Rhodamine B degradation by electro — Fenton method

0. 90 , 7582 L W B 12k s E N 9 V i R? g with AlICoCrFeNiCu high — entropy alloy
T 0. 90, BEMI AT A — L R 3 Sy 2R, B SR fYy R Rt % —%
WK, SRS 1 0 K L K T LU LS K Q80D 098 0B

WA 7 VA, K B0E 4 0.29649 h™' [ H3 V|5 VA
(O34 0. 101 22 h™" c, Uhd B A R X J5 o7 oK 3R ) S IR B 4 5 XM L Rk 7 VOB, KRR B ERc R, U W I e sz 7
S/
2.2.2 HERIHEN TR B EER R HF AN

B 7 132 5 AR A TR A5 T B PR B R AR B N Bl 12U A - R OGS4 th3k 5 v]
1, DU AR TR R, B T B RN A R HR T 0. 90, AR EIRF A —G R R Bl 12 AR s Bt
i AL A (R B 0, S2NE B0 ) 2 8 0 KBS R (3G A A2 2, Y F A ST AR50 F 40 mmol/ L 15K %]
50 mmol/L A, K L 0.61756 h™"' #2852 0.709 71 h™" V455 T 0. 092 15 h ™", b B He, ff o 438 il 0 Xof 52 7
T 258 1 5 M A 7/ .
2.2.3 pH{EXI T /1A B BRI HFHEHZM

Pl 8 Fi3k 6 S A[F] pH {EHT electro — Fenton 5[ FH B KON sl J1 2= UG & FIAH S50 i3 6
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AL ADGHE R B R BT 0.90, UM pH (HF IR BUED FH B 1) — G AL 24 pH A 2 5 (L 5]
5 W, K2R 125 0K SEmE O TN, 76 pH (B2 4 B R B 0.617 56 h™', 22 )5 .35 TR, X 138
A G AR A pH B (S 3 2) BN REARAT BRI e figp i 5, A I8 19 pHL{ELA REHAT A0 55 Y e firp e %

55 A pH AR A7 2R 1) R M R — 2K

0,

-1 A

24

In(4,/4,)

31 wsv—mams
° 5V—ill&ihsk
A 7V—RE L
44 v ov—RGhk

0 1 2 3 4 5
i E]/h
B 6 AEHJET electro - Fenton j%[E#Z
Z 1 B MR B 1 E A 2k
Fig. 6 The reaction kinetics fitting curves of
Rhodamine B degradation by electro — Fenton
method under different voltages

» 20 mmol/L — A LR
| @ 30 mmol/L —— ALk

49 X 40 mmol/l — Az
v 50 mmol/L —— &Lk
5 . : : : :
0 1 2 3 4 5

a]/h
E7 FEBEBEREMELHET eectro - Fenton
RS A B B R 1S 2
Fig. 7 The reaction Kinetics fitting curves of
Rhodamine B degradation by electro — Fenton

method under different electrolyte dosages

RS AREEBREMESEGT electro — Fenton j%
MefE % FHA B MR BB T F X SH

Tab.5 The reaction kinetics parameters related to

the degradation of Rhodamine B by electro — Fenton

method under different electrolyte dosage conditions

x4 AEBJET electro — Fenton % fEfE
FFA B (R MBI W FHEXSH
Tab. 4 The reaction kinetics parameters related to
the degradation of Rhodamine B by electro — Fenton

method under different voltages

Il (VAY K/h™! R
3 0.219 85 0. 956 33
5 0.321 07 0.975 89
7 0.617 56 0.948 63
9 0. 893 89
0.

= pHN2 — Ak
o pHJWy3 —dUfrillizk
A pHJy4 — WAL
v pHN5 — 4k

-4 T T T
0 1 2 3 4 5

IR E]/h
E 8 A[E pH EEMHT electro — Fenton 3%
MefR % FHEA B MR B3N 1 E G 2k

Fig.8 The reaction kinetics fitting curves of

Rhodamine B degradation by electro — Fenton

method under different pH values

=6 A[E pH EZMET electro — Fenton £ [%f#
FA B HRMENFHEXSH
Tab. 6 The reaction kinetics parameters related to
the degradation of Rhodamine B by electro — Fenton

method under different pH values

e
20 0.337 41 0.938 43
30 0.473 27 0.975 52
40 0.617 56 0.948 63

50 0.709 71 0.918 15

pH {4 K/h™! R
2 0.575 86 0. 965 68
3 0. 595 85 0.977 27
4 0.617 56 0. 948 63
5 0.397 77 0.983 68
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2.3 AlICoCrFeNiCu §%j& & electro — Fenton £t 5 F10H B BIPEFEVIE S 7

3T AlCoCrFeNiCu 5454 electro — Fenton X 2 FHHH B pUREMALER , % UV - Vis \FT - IR %7
R EAEZEAT T BB AT 30T &9 (1B 10 435K AlCoCrFeNiCu =i/ 45 electro — Fenton 15 [ fif
L P B 1 UV - Vis EIF1 FT - IR [&. (& 9 W LIE ), RFEATREAMR 2 PHI] B 3220 =AM Rp AR i,
WA 256 nm 2 A7 ARG & HORIRGEHE B WISCHT (906, 360 nm [ T & H AL Hu 45 1 (S 2% R i kg
MU , 554 nm b XF 07 B 2 % P B d R MR G, EEER A AL EA b g € =N #l C =0 45
gt AR 1 h i, K 256 nm ZE A7 T R 3K T R T IR AR SN 7 AR Y HL 0, BRRAE 0.
360 nm ZbAYIE ARG, TS R R BEARIIN 12 PEI] B B S Hu A RO IR AE A i o i i 2
SEHE R P R, 554 nm A0S PHIA B A B R WU K 8 2 AT, A LI 2 PR A B LA 45
P i & 5] C =N i C =0 S5Z M miR. SREAR I a1 2 b i, 211 nm 42b 3 301587 B Wi, % i
FHINY E, WOCH , il RESE S FHIH B i L A R IR I T B A ZEERSEH 7,360 nm AR Ak 43 400
il 3K AT RESE: DR B PHI B AR PR GEA BIR , FFBR A B 1 B KB i SRR R R P B R Y 0t
11 BRI 554 nm Ab (AR 80555 , ZEREARIN R 5 b I JLT-IH 28 BEEA P PHIA B LT 958 205

HIEL 10 T RAE Y, BEAR AT i i 7 LA B i) S BRSO A7 B E 1 640 em ™' (1440 em ™' (1120 em ™'
1613 em ™" BRI, Hd 1640 em ™' B FHE] B B2 b O - H 45 il ik s i AL A = o C =N .C =0 fifi45
hige' =720 1440 em ™" BEIE N H3E (- CH, ) B9 19 25 4R s BRIk R 95 & 36 € =C 45k 3h
W 1120 em ™' B PHI B th 2 4E C - N RIS & IFEERE C - O - C MhgadiRalig ™ > 613 em ™' 2
P FHH B 35 R C - H /M iR s 0. AR R 1 h Bt ,3 410 em ™" BRI H B0 T4 T8 A MR, 2
O - H (A dRa3 I ™, B 1640 em ™" 1y O — H 25 1 4% 2l 58 7 15, 150 B Pl 2500 ST R R, 722 1
BEMFIEA M- OH) . MREARET RN 3 ~5 hid, 76 876 em ™ Kb H BT Wi, i 2 % I B 24
FF IR U S IR A SRR Y - C - H - TSNS MR B39, 1 440 om ™' b A0 o358
UEIITEZ I B AR 1 AR R AN B A AR A5 44, S5 9 vh 360 nm AbUEE Y 73 24N 211 nm A0 U4 4 H AR
WP, 3% 2R B2 PRI B A e 1 2 A 45 4 0 i

30| — on —0h —1h —2h—3h —4h —5h
——1h 3410
2.5 2h | 440 1 120
——3n 1640 613
2.0 - ih 876
% 15 ——5h g(
K N M\J\
=10 B
0.5 - M
0.0 e NN
200 300 400 500 600 700 4000 3500 3000 2500 2000 1500 1000 500
K /mm o/cm’!
9 AICoCrFeNiCu 5§ & £ electro — Fenton ;% 10 AICoCrFeNiCu 5§44 electro — Fenton i%
PR % R B B9 UV - Vis & MRS B FT 1R E
Fig.9 UV - Vis spectra of Rhodamine B Fig. 10 FT - IR spectra of Rhodamine B
degradation by electro — Fenton method using degradationby electro — Fenton method using
AlCoCrFeNiCu high —entropy alloy AlCoCrFeNiCu high — entropy alloy

2.4 electro —Fenton X 7 Bijf5 AICoCrFeNiCu B & £ HBLAEHWHH

K 11(a) #(b) 4352 electro — Fenton [z Jwf {ij )5 AlCoCrFeNiCu & 441 SEM K. & 11 (a) 7] L),
Tt AICOCrFeNiCu 5444 th B R EC S AR B S 25 e o i 11 () T B B b
an (A FLBR B AR RAR 223X U H electro — Fenton A% FHI B s A& rb /Ry BHAR B i 5 2 & 2E T
[ g ok 7
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(a) IV (b) BB
11 AlCoCrFeNiCu 5 & £ 7t electro — Fenton %47 5 788 B 558 SEM &
Fig. 11 SEM images of AICoCrFeNiCu high — entropy alloy before and after

Rhodamine B degradation by electro — Fenton method
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Fig. 12 EDS surface scan of AICoCrFeNiCu high - entropy alloy before electro — Fenton reaction
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Fig. 13 EDS surface scan of AICoCrFeNiCu high — entropy alloy after electro — Fenton reaction
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Fig. 14 X -ray diffraction patterns of
AlCoCrFeNiCu high — entropy alloy

before and after electro — Fenton reaction
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Tab.7 Degradation performance of several anode materials'®? =
FRAR il 7 J7 Wi fiff Xof 42 R figt %/ %
Aly 5 CoCrFe, Ni HAS B R i P LA 83.37
B (Fe) — LT 3BS 86
FeMnCoCr PEFEIEHOCIE AR FR4L G(ARG) 77.4
154 4:RI7 (BDD) — W %

1(Pt) — 74 2 41 (alizarin red) 93
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A T R GEEFE AlCoCrFeNiCu R 54 g FHAR IS , A [ oL TR | R gt T B A pHL (EDGS L 25075
WA 2 PHU] B RSN 73 2 DU 2598

1) IEAS 55753 AlCoCrFeNiCu S & 4 P WUARE M 2 FHI] B MEAE T L2808 - R 7 V.,
HLAE S B O 40 mmol/ L S BTHER pH AE 4,145 T RESR A<l 1k 93. 98% 5 4 AR X & PHI] B [ fif
R E PR AU < A > LR S BORCRE > OB pHL .

2) B FIH] B {1 a8 gk 25 i e figp sF 18] 14935 T £ 5, I P (/R R, g SR 5 993084 KT 06 K, i il pHL B
PN D NE )

3) AlCoCrFeNiCu R 5 4 LT W KA 27 PHU B A5 45— GRS Bl ) 2 AL 5 388 i o SR (L2 AU 20 )
W B RS S IO, 0 K, LA o B e A1 pHL (B A AN 2 BB L S 0 K05 8 g = R i, s {0 P I
BRI R K, B pH AR 3 RS RS BB

4) AlCoCrFeNiCu i 3B 2 FHA B id i v 25 i Sy 7™ A 19 1,0, 3R A2 3L A di 56 (- OH) il
WE P B LR R i € =0 ,C =N FZRIARL T

5) AlCoCrFeNiCu il £ 46 H AL PO RIS At A B, B AL B2 BB A &1, AR 2 0 0 A 1457, L SR U
S PR 0 < R A i T ot A5 ) L BT K 5 PSS LA ALCoCrFeNiCu i 15 < W AH R e A= ]
BARAE, #22& LA FCC Oy 3 BCC Al Y XU 45 4.
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