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Table 1.  Comparison of typical amorphous alloys for catalytic degradation of azo dyes.

Ry o SR R b e S
FegsSisBsPy b it RIASE- 0.514 — [13]
(FersSigB13)g9Zr; P 3 W L 0.24 — [14]
FegiBg P it HiZi#6 0.110 — [16]
FezsSigBy3 Eit SR 0.085 — [17]
FezsSiy1BoPs Fit PRVERET 0.082 17 20]
FegoP13C7 P 3 WL 0.56 23 [21]
CuygZryy 5Al7 5Gdy P it AT 0.48 80 (28]
Mgg5Cugs Yo MR HiEWG 0.585 — [29]
CogsMoy5Bag k2L HiZiE6 2.31 20 30]
Cuyr 5Zry6Als 5 P 3 R PR 7 0.165 10 [31]
CorgSigB1y WA TR MG T — 8 (32]
FeSiBCuNb i PR 7 0.094 50 AT A
FeSiBCuNb (700°CiE k&) Vi FRYERET 0.36 — ARTAE
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Fig. 1. (a) XRD spectrum and (b) DSC spectrum of Fe-Si-
B-Cu-Nb industrial ribbon.
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Fig. 2. XRD patterns of Fe-Si-B-Cu-Nb industrial ribbons

after annealing at different temperatures.

FI I Scherrer 28 #1845 2] 2541718 K A5 1Y
#) a-Fe fdbi R SF, dnge 2 prgill. alLIE ), BEEIE
KIRFETHE, Sk RS 460 °C BFEY 11.54 nm 5
KF| 700 °C BFHY 42.52 nm, KL B T
MR KR EE TR 650 °C B, a-Fe ki ] )1
KGH R, BIGRET 2 700 C B, SRR
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Table 2.  Calculation results of a-Fe grain size.
M/ C
460 520 580 650 700
Bwa/(°)  0.80 0.71 0.66 027 021
Dyyy/nm 11.54 12.68 13.72 33.74 42.52
(hkl) (220) (220) (220) (220) (220)

3.2 RABLITPEFERR RN

Ve S i 0.5 g/L, pH o 3, WA K
3 mmol/L 15255 544, 25 °C i T 5 TR K
TR X Fe-Si-B-Cu-Nb Talk Ak fh & 4 2 AL %
fife Pk BE B2 e [ 3 R AR IR JCHT A4 5T 460,
520, 580, 650, 700 °C 5 K 20 min J5 [ fif IR
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Fig. 3. UV spectra of industrial amorphous ribbons and their degraded acid orange 7 after annealing at different temperatures for
20 min: (a) Industrial amorphous ribbon; (b) 460°C; (c) 520 °C; (d) 580 °C; (e) 650 C; (f) 700 C.
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Fig. 4. Degradation of acid orange II processed by Fe-Si-B-Cu-Nb industrial amorphous ribbons in the as-cast state and after differ-

ent annealing temperatures: (a) C;/C, normalized graph; (b) dye decolorization rate graph; (c) variation of the —In function graph;

(d) histogram of reaction rate constants.
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0.36 min !.
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(1 3). LA K AR AR ki BE T 4% 19 XRD & i
(& 2) #1750, S5 R FEW, IR KE 5500 BRI v
B 7 PERE A AR Ak R FRT I PR T A5 AT AR Y
r RST DA K Ji HE 83

A5 T Fe-Si-B-Cu-Nb 44 28 460, 520 M
580 °C B K G BLEAHGK b2 | P AR Ak e

ARy E R AT RE R A & o-Fe AHAIE BUBR
TR G B AR5, I B TR [
A BRI REAR, 520 3R 388 0O 0.09 min ! FEAK
J9 8x1074, 2x10°° Fl 8x10°3 min!, F [ 1—3 4
BOm g T EM A a-Fe A1 % oL 457 4[] 9],
BIR-0.47 eV, MELIE UG, TR S5t i
TEREARVERERY 35 T, 1X 5 Xie 55 B3 ANl Jia 45 17
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AH PN — 0.43 eV) Z [0 25 501 gl K R
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Fig. 5. SEM images of the alloy surface after degrading the acid orange II: (a)-(d) As-cast alloys without annealing; (e)-(h) after

annealing at 580 °C; (i)—(1) after annealing at 700 °C.
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Fig. 6. SEM images of Fe-Si-B-Cu-Nb alloy after annealing at 700 °C for 20 min (a); the corresponding elemental distribution maps

of (b) Cu, (c) O, (d) C, (e) Fe, and (f) Si.
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Tt XA ] S ) B R LRR S B, SO 5 AR T L
o RF 22 BRI WARCOR M AR, W&l 5(d) BF
7N, XA AR — 2 AT T O S A e Y
BT R, AN, Sl R —EDIEY. FEffIR
PERE 7 R IR KSR IR TDESLNE 5(h), (1) PR,
Forh 28 580 C iR K Znly BE AR A gL kLG, 3R 1H
TE R T A HR A AEIREIR G OK 2544, 2 S5 M Re g 1S K 5%
AR A AT AR T BRI, S i fi
RRA)E 1A 4 BHA LS LR Re.

5 aaAE fb A MGIRR K5 & &R e
PRI, 2700 °C 1R KI5 P A 2R 1 R XA B
B — bRy () R B g 1K, Gn &l 5(3) A 6(a) FiF
7N, BRI SRR, & B LSS 5 R gk
m A R, W 5(1) Bros. il i EDS X B X 4l ik
FFIeE 0T, tnE 6(b)—(f) iR, 4558 BoR: %X
BAETE R S A A B . 28 700 C B AU, Fe-Si-
B-Cu-Nb 2577 RIHIE WL T & 40 A 7%, IF H iz
A P RETE il T 528 b ay A U, H#Em S
TR Z ) A B N, e Fe? FIFE 3k A H
SEMIE R, I B i A I AL R AR, LT g
AR RO AN s

Cu + Oy — CuO, (5)

Fe + CuO — Cu + Fe,Os3, (6)

Fe + Fe;O3 + HT — Fe?T + H,0, (7)
Fe?t + Hy0y — Fe3™ +.OH 4+ OH ™, (8)
Organics + -OH — Products. (9)

4 % #

ASCHESE TR K AT Fe-Si-B-Cu-Nb Tl
AE A SR IOV 5 R R A R i FR PR 7 Ykl R
(RIS, FE 7R T AR K Pl T R A 1 R 1) 5 i AL
R AR TH ) it A BE A b i A B ED 4 7
K SEBLCLAIRR R St T B A S g ik g
5 R:

1) ZRIRIE Kk (460—580 °C) )&, Fe-Si-B-Cu-
Nb 4547 1 i AL A BRI T e, R e PERs 7
Yokl 45 min J5, O E FFE 2 0.01 min ! DA
T, RO 40%.

2) & 650 F1 700 C B KJ5, 570 B AL R i
PERE K IR L ; 700 °C 3B K5 57t B R A 7

AR E BT £ 0.36 min!, 15 min A9 60K 5
ik 99.22%.

3) RiRIR K5 & & TIE I a-Fe A, AEdH 2501
MRS GBI, S HAR A R A PR BE I T
1 FE R A 650 C LhFIR KSR, SR B
YK LA, SRR 4 AL E P ALY D H T A
N B S AR AN Z ik 2 [ i) 4 R g, A R AR i
TRYERS 7 ML .
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Abstract

Amorphous alloys are meta-stable materials with long-range disordered atomic structure, which have
excellent catalytic degradation performance and are also susceptible to crystallization, but the mechanism of the
effect of crystallization on their catalytic properties has not been clarified. Therefore, the effect of the annealing
crystallization process on the microstructure of Fe-Si-B-Cu-Nb industrial amorphous ribbons and their catalytic
degradation properties for acid orange 7 are investigated in this work. It is found that the catalytic degradation
performance of the ribbons decreases dramatically after having been annealed at 460-580 °C , and its reaction
rate constant is less than 0.01 min!. The main reason is the formation of a-Fe precipitation phase in the
ribbons after having been annealed at high temperatures and the destruction of the substable amorphous
structure. These reduce the rate of hydroxyl radical formation. In contrast, the catalytic degradation
performance of the 650-700 °C annealed ribbons increases significantly, which increases to 3.77 times the
degradation rate of the as-cast ribbons. The decolorization rate of acid orange 7 by the annealed ribbons reaches
99.22% within 15 min, which is 1.12 times that of the as-cast ribbons. The improvement of the catalytic
degradation performance is attributed to the primary cell effect between the crystalline phase and the metal
compounds and the substitution reaction between the Cu-enriched clusters and zero-valent iron. In this study,
the influence mechanism of annealing crystallization on the performance of Fe-Si-B-Cu-Nb industrial amorphous
ribbons for degrading azo dyes is revealed, which provides theoretical and experimental support for using aged
iron-based amorphous ribbons to purify printing and dyeing waste-water and achieve “purification of waste-

water by using alloy waste”.
Keywords: Fe-based amorphous ribbons, industrial ribbons, annealed crystallization, catalytic degradation
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