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Preparation of alumina—carbon composite porous fibers and their adsorption
capacity for methylene blue

ZHAQ Yixia, ZHANG Zijie, TIAN Tao, XU Yuntao, LI Yafang
(School of Textile Science and Engineering, Tiangong University, Tianjin 300387, China)

Abstract: To address the treatment of large quantities of dye wastewater in industrial production, the alumina—carbon
composite porous fibers were prepared based on electro —blowing spinning technology and high —temperature
sintering technology, and then applied to the adsorption of soluble dye methylene blue. The effects of calcina-
tion temperature, internal—external liquid flow rate ratio and heating rate on the fiber morphology and adsorp-
tion performance were analyzed. The results demonstrated that the porous alumina—carbon composite fibers
(PACF-800) fabricated under optimized conditions (calcination temperature 800 °C, heating rate 3 “C/min,
internal—external liquid flow rate ratio 1 : 2) exhibited excellent continuity and well-developed porous nanos-
tructures. The optimized fibers showed a specific surface area of 349.3 m*g with the most probable pore size of
3.5 nm. PACF-800 displayed superior adsorption performance, achieving 99.7% adsorption efficiency within
10 min. Under different initial MB concentrations, PACF-800 maintained equilibrium adsorption efficiencies
above 99%, demonstrating the significant potential in pollutant adsorption applications.
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Fig.1 Schematic of spinning process and components
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Tab.1 Parameters of fiber fabrication process

— VWO (mL-h) THEER  Bifgbe
i R (°C+min™) R/ C
1:1 PACF 20 20 3 800
1:2 PACF 20 10 3 800
1:5 PACF 20 4 3 800
1:10 PACF 20 2 3 800
PACF-600 20 10 3 600
PACF-800 20 10 3 800
PACF-1000 20 10 3 1 000
PACF-1200 20 10 3 1200
PACF-3 20 10 3 800
PACF-5 20 10 5 800
PACF-10 20 10 10 800

14 WX 5 R

(1) LFHEIE A BUD AN [R) S5 25 0 S A A0 — ik
ZALE A A Y FIRTIRAAR LT 2 , K T Gemini SEM500 %!
Y R AR 7 B IAE FIREF AL RIE S

(2) JLE S ] Ultim Max 65 BUERE X 54k
RETE I (EDS) , /T A [R] T2 il 5 i S A a2 LA
B e Y AT IR AR LT e e C R S i

(3) HemiAL: R H NOVA 2200e # L2 i F 404
A, 3 I N, W B —E B 25 MR 2R i 7 AN TR T 2 S50 B
il 25 10 S AR -k 22 L2 & £ 2 RN R SR AR 2T 24 1) b
AL, I3 Barrett—Joyner—Halenda( BJH )fLA% 43 7f .

(4) 2LAMETE - R FH Nicolet iS50 U -5 a2
ANETEASO AN [PB RS T L 1) ZFL AR AL A8 -k & 5 £ 4
KRR TLLANRAE , Sl 4 000~500 em™,
GIPEREN 2 em™

(5) MV FF 356 2 o« SR FH I R 6 3 (MB )R Ay Wi o
SR ) BARA HLG G, 43 5l R RS54 il 2%
(AL R - 2 AL 2 & 4P 4 AT R MB IR B . s
100 mg PACF 78151 20 mL (1) MB &, 7EK8
G WS )5 X W AT Hl g, O Mt i 5 1
WARTECGE 2 mL W, A U-2000 2 UV-vis 5356
JERE T MB 7E 664 nm AW BE K B 5 FIT BUA TR
AR

2 HR5ITE

21 TTEREAMSH

AALER TR TTIRIA LT 2 PTFE 824 315 16 Ol /2
SEI LA R S B EZEH R . AL EDS 24T
URAREF 2 S B s I £F AE R TH ) OC 2R o341, S5 R anE
22— 3 s

N ~

(a) FUIRIREF4E SEM (b) Al

(¢) Si (d)o
(e)C (OF

2 FLSB-FRATIRIKLT4E EDS TR
Fig.2 EDS elemental analysis of alumina—carbon precursor
fibers
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Fig.3 EDS elemental analysis of porous alumina—carbon

composite fibers
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Fig.5 Morphology images of porous alumina—carbon
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Fig.6 Morphology images of porous alumina—carbon compos-
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ite fibers at different calcination temperatures
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Fig.7 Morphology images of porous alumina—carbon compo-

site fibers at different heating rates
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Fig.11 Adsorption efficiency of PACF-800 for MB under
different adsorption times and initial dye mass con-

centrations
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Fig.12 Adsorption kinetic model of PACF-800 for MB
solution at initial concentration of 100 mg/L
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Tab.2 Kinetic parameters of MB adsorption by PACF-800

HE B Iy
Geo! kz/(g'

(mg+g?) mg'min™)

Col  qu.! WE— Bl 2 A

(mg' (mg' q&/(mg'
LY gh) g

ky/min™ R? R?

100 1.996 1.993 0.000 012 0.999 98 1.995 5 0.000 057 0.999 99
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