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Abstract: Through mild heat treatment of soybeans at an elevated temperature, soybeans show an ordered porous
structure, then the static adsorption method and FTIR analysis are used to study the adsorption of neutral red dyes
and heavy metal ions. The research contents mainly include: the influence of initial concentration and the initial pH
value on the adsorption, and the adsorption kinetic process. It is observed that in the range of acid to weak alkali,
the removal rate to neutral red dye is better than other pH value range, and best when the pH is equal to 7. The
initial concentration on the adsorption is also an important factor affecting the removal rate and adsorption capacity.
At the same time, the removal rate of the adsorbent and the adsorbate in the first 20 minutes of contact is above
80% during the adsorption process. By fitting, the adsorption behavior is more consistent with the quasi-second-
order kinetic model. Porous soybean is not only friendly to human beings, but also demonstrates the advantages of

high adsorption capacity and low cost. Therefore, it will be a promising environmental cleaning material .

Key words: soybean; neutral red; adsorption characteristics; adsorption kinetics

USSP IV I T AN A Y IR o ORI 2, fE gttt T E RO A2 7= 1 dh Ak 12002
SEREEAT AL B ) T AR R J IR, Gl i ol A, e HH AR A R st L 600 HECR B

kS HEA: 2021-03-10

EEWH: FHEERBA ST IITH (51872053,51372042) : F K A AR ARG REMAS G HBIITH (U1501246); |~ R4
SRR 5 4 V5 Bh B K IEREAE AT 7 300 H (2015A030308004); 2552 M7 A% Do H R BSERTVE T H (2019622101006); 252 fiE
TEREE SEART ARG S50 3 0 L0 43 AoC i LU AL S 56 2 T s 4 ¥ B SO0 H (XHT2020-011)

EZ I WEAE(1994) , &, AU, 5T M 2 FL R B

BIEEE: &XE1963-) , 55, #, LA SIW, 3 F0F T8 77 1]y FR A 2R i AR 2828 DL TR RE AT G 284, E-mail:
sglu@gdut.edu.cn



108 S NN == 1

39 %

SRINET P 1) G IR AR S A 85000 A RN i, i
T5 Yl (R FE 3BT 8 0, 38 AT BE R K A AE M HI AR
K, F 2 R RN S AR BB, 7 U N IR B
g R, [ B Yl PR /K R AR A 5 TR B Tl R S 4
J& BT EAT X RS DL AR IR K A Y R it
AR SRR ST Gl 5 2 A HLA DA K B 4 1
S THIRTE e 14>, Tk b AR FE K ekl K &
&R 3 BT A R A SR AN A Y R
F& B HTiE 2 0775, 07 T IF R R R
5257 - Ponnusamy 55U FH R0 I 14 R SR B LA A
Gukto H AT VR R PR R0 PR FRRA ) £ T2 R L Ak
A A e HE AR5 B o R 1L, 53 5 S 5 2 ke
WA Gkt R P T A R B AT B LRI 5T 5 1)
%
BT AE DI B SR, AME RS, M
H TS % i B4 W3 0002 45 /T 24, AT E /Y
IR L 16 24 1 07 18] o 408 B3 O RIE 7T, 35 52560
1A N A R E 5 32 B R o o i 1 4T
Y N N AR J5 AT B AR AR P2 £ R e L 1) el gkt mp
3 GAE S FEAA R R IR, AT S5
) S A AR DL RGE A SCR I R AR T

. f#5% (Field Emission Scanning Electron Microscope,

FESEM) X i i 38 i) 35 31T T SRALE , &0 5T
R I T AR g A A o 0 I 7 v 4 e R e A AL
VIR E S8 B, A2 — PP AR R RE IR 7).

B Gkl PE LD (Neutral Red, NR) I 7K 4
FEIK R 2%, (R IR HAE AR BN A OB 3 T AT B
JRALEE, sl R B 751, A9F 7847 S DR 2 5 AR R B v
CLRURIIZNR o 3 A1, 8 R BAZAE T o6 B 4 ) B 1
A W B 28R 5 A SR FH 4 4 P SR e it L i 2t
177 BERE T -

1 SEES

1.1 MREHE

PG TR AR T R AE AR ) 1E120 CF#ukk
S hifil] #% H B BB, A 44 S SS-5 6 H TR
Jii N ARZR , T 75 FE 4l o ff F ks B F T KT HE R
PR A kb R, R T 53 7K, BLR0.01
mol/L Iy h M 21 it 24 W s A3 FH A [R) 779 23 il B 0.1
mol/LI A FRER(CA(NO,) ,) il ER 4% (Cr(NO;) ;) LR
H#(Pb(CH,COO) ,) fiti % ¥ . 75 Ji5 8252 36 A 458 FH 1) 2%
Tolt— 502 9% F5E 1AV V35 I 46 Y HP R R T 75 o AR S 56
F o A4l 3 B (HCT) FIE A AL E(NaOH) KT 15 9%
W HIpHAE -

1.2 RIS
12,1 AFdbar et agoR i 2 0

AR SEEG IR FH A, 7R (22 C) T, %
TERARR B B IISS-SFE R OC 201 @) BIN S 0ik
TR PELLI R, TEIR T A AT R B S, B i
“H100 t/min. A T FLpHAE AT A8 1) o i 2R
DA 5 BB T o R B g3l 8 1 LA 558 (1)
PELLESRAIEEY) TR B FE 0.3 mmol/L, W8 T A
I (1 p HAEL [ 5 W o o ) 0 B0 R R 23R 5 (2) VTR
pHAB A7, A AAY) 5T 1 &R £ A0.05 mmol/L
A 20,75 mmol/L, [F] e IR B B 1], T 53005 B RE2R 5
(3) W RpHAE AT N7, 23 ILE3IFIA [|] A AR 5T 1)
BEIE0.1,0.3,0.5 mmol/L) NI, I BURE, 15
W Bt 280 S o K BT A B 9 AT S O b B
(5 min), #3444 200 r/min, B 25, 75529 nmit
F A —1] WA= 2T AN UV-Vis-NIR) 73 Y66 1146
N6 3% 3 0 R P P e T 5 R P o ) 4 T Ak
T JE AT AL A0 5317 o AR o 1t 21 7 VA S5 ) B A
T FEWR 6 22 TR % ZR T SR B H i 21 A 5 1
B FORHE T I — E I 8], A 40
FiBRFERUL B B g (1) ~(2) AT I

R=2"%%100% (1)
Co
(co—cH)MV
g=—— )
m

s e ANRISHILE I IR L, ¢ AW B ot 8] )5
TR HINR P IS JE , MOWNRIRBE R L&, VA
NRIFAAR ; moAFE i S5-5 /5 o
122 X E2EB T AN KR

TE— 8 A0 T, FL B AN AR B2 1) 4 8 5 1V
FEMNI PR TR, 43 AAER 5 3 T 34T I B 05, ot
100 r/min o "R PHF-46 J5 4 15 b Bt A2 43 4 HE 1 A
%% (Scanning Electron Microscope, SEM) T XA iy 4
AT REIG AT

2 GRS

21 HEIHEW

El1(a) ~(d) BN HAE AT LR 110 “C 120 C.
130 ‘CALHES h/E OU S5 44 B o i 1 RT BLFE 31, 4b
FHT 03 5N ATTE — SeyR b, FLA A R, #uk
B LT B A ALEE ), HE HARIX3/NMELEE H, 120 °C
AbER I PRI RE S (S5-5) MIFLESHE B R ST i 3515 B
£, FLIR A R . & 3k 2 F P Imaged 6 A i S 5-
SHIFLBEAT it 15 3S5-5KF L1220 9(0.42+
0.08) um Ji 245 LAFE 51 S5-5 9 Bt 71 14 AT 8 B S 6



(a) ALBEFT
AR ARSI AT

2 7% Y
yorse e
E: ) ; = ...~".‘..A¢=

) "' J
T8 Seges 6 e 20 ar !
;;'." ?:'o.;a:b#é;' 5
X :.”:. Y o} (3
' .;.5:7 ] 1 m3£

20335 JC XL

() 120 C

1 PAMERTEREAERERIE
Fig.1 Internal structural images of soybeans before and after heat
treatment
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Fig.4 FTIR spectra of pristine sample S5-5, sample S5-5 after adsorption of neutral red and the pristine neutral red
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Table 1 Linear fitting parameters of quasi-first-order kinetics
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0.1 0.767+0.006 0.30+0.02 0.800  0.78+0.08
0.3 2.41040.02 0.30+0.03 0.927  2.47+0.02
0.5 4.0700.04 0.36:0.04 0.826  4.16x0.01
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Table 2 Linear fitting parameters of quasi-second-order kinetics
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Table3 The content of individual elements in EDS analysis

IV BT E E O % S5 B %
C 54.867 17.773
N 0.093 0.035
0 24.958 10.770
P 7.931 6.625
K 0.687 0.724
Pb 11.465 64.073
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Table4 EDS analysis resultsof sample S5-5 on the adsorption of three
heavy metallic ions
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BIET  emmol L) mavtbe, DA%
0.5 0.21 1.70
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0.5 0.14 0.55
crt 1.0 0.22 0.84
1.5 0.51 1.91
0.5 1.50 18.67
Pb** 1.0 5.38 4543
1.5 11.40 63.63
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