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Table 1 Chemical composition of steel slag W/%
CaO SIOQ A1203 Fe203 MgO MnO PzOs TlOz VzOs Others
37.55 16.95 3.66 28.75 5.04 3.11 3.08 0.84 0.38 0.64

W is mass fraction.

R2 ERFEUFHS
Table 2 Element and proximate analysis of the peanut shell W/%

Industry analysis

Elemental analysis

Mad Aad Vad FCad

H O N S

5.62 8.44 63.45 26.98

46.87 6.45 40.82 1.09 0.37

Mad is moisture mass content; Aad is ash mass content; Vad is volatile mass content; FCad is fixed carbon mass content.
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Table 3 Steel slag/peanut shell activated carbons (SPACs)
prepared under different preparation conditions

Microwave Impregnation Mass fraction of

Sample power/W  ratio steel slag/% B (t=6h)/%
PAC 0 0 0 84.9
SPAC1 250 1.25:1.00 15 76.3
SPAC2 400 1.25:1.00 15 86.5
SPAC3 550 1.25:1.00 15 932
SPAC4 700 1.25:1.00 15 87.5
SPAC5 850 1.25:1.00 15 80.3
SPAC6 550 0.75:1.00 15 83.7
SPAC7 550 1.00:1.00 15 88.4
SPACS8 550 1.50:1.00 15 86.1
SPAC9 550 1.75:1.00 15 81.6
SPAC10 550 1.25:1.00 5 90.2
SPACI11 550 1.25:1.00 10 922
SPACI12 550 1.25:1.00 20 823
SPAC13 550 1.25:1.00 25 79.7

E; is efficiency of formaldehyde removal at time t, %.
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Fig. 1 Removal performance at different initial concentration
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Fig. 2 Fitting curves at different initial concentrations (Cy) of HCHO
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Table 4 Adsorption kinetics parameters of SPAC3 sample
s Quasi-first-order adsorption kinetic model Quasi-second-order adsorption kinetic model
Co(HCHO)/(mg'm™) ) ) S m P 5
q./(mg'g™) Ki/h R g./(mg'g™) Ko/(m™ mg™-h™) R
1.2 0.0155 10.58 0.9810 0.0161 1026.30 0.9980
1.5 0.0185 11.12 0.969 0 0.0192 876.40 0.9921
1.8 0.0214 11.50 0.9656 0.0223 784.18 0.9899
2.1 0.024 5 11.51 0.9605 0.0255 673.43 0.9870

0. is equilibrium adsorption capacity; K is pseudo first order kinetic constant; K, is pseudo second order kinetic constant; R is the correlation index.
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(a) Langmuir model (b) Freundlich model (c) Temkin model

Ce is equilibrium concentration of HCHO, (. is equilibrium adsorption capacity.

B3 #flh SPAC3 i BRAGR LA A 1Y
Fig. 3  Adsorption isotherm fitting models of SPAC3 sample

RS5 MM SPAC3 FRANFHUESHEISY
Table 5 Adsorption isothermal thermodynamic parameters of SPAC3 sample

Langmuir model

Freundlich model

Temkin model

Gu/(mg'g ") Ki/(m™mg ") R’ Kr

n

R? Kr/(m*>m™) Z/(mg'kJ-g ' 'm?) R?

0.0326 19.962 1 0.9295 0.0430

2.796 7

0.9537 104.4862 304932.9710 09101

Omis the maximum adsorption capacity; Ky is equilibrium adsorption constant; K is Flandershili constant; n is the adsorption intensity; K and Z represent the

parameters in the Temkin isotherm; R? is the correlation index.
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Fig. 4 N, adsorption—desorption isotherms and pore structure
characteristics of SPAC3 sample
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Table 6 Specific surface and aperture parameters for SPAC3 sample

Sample BET/(m2 : g’1 ) Smm/(m2 . g’l) mel/(cm3 . g’I ) Vmicro/ (cm3 . g’] ) D.ver/nM
pAC!” 1008.7 360.96 0.622 0.195 246
SPAC3 4123 151.68 0.328 0.072 3.65

BET is total surface area; Spicro is micropore surface area; Viq, is total pore volume; Viiero i micropore volume; D,y is average pore diameter.
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Fig. 5 SEM images of SPAC3 sample

%7 # & SPAC3 Y EDS MiX4ER
Table 7 EDS results of SPAC3 sample

Element Mass fraction/% Mole fraction/%
C 60.93 74.11
o 19.42 17.73
P 14.38 6.78
Fe 5.27 1.38
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Fig. 7 Formaldehyde removal mechanism by steel slag/peanut shell activated carbon
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Extended Abstract

Introduction As a bulk solid waste in iron and steel industry, steel slag occupies a large amount of land, and causes environmental
pollution, having a great burden to iron and steel industry and society. It is thus of great theoretical and practical significance to
explore effective ways of steel slag recycling and utilization. Formaldehyde (HCHO) as a colorless, irritating smell of toxic gas is one
of common volatile organic compounds (VOCs) in indoor air, which can cause chronic respiratory diseases, leukemia, and bronchial
asthma and damage to the nervous system. Activated carbon (AC) is extensively used as an adsorbent for removal of HCHO. AC is an
extraordinary adsorbent, but its adsorption efficiency for HCHO is low. The modification of AC using metal oxides (such as V,0Os,
MnO,, CuO, Fe,0s, etc.) can improve the service life of AC and its formaldehyde adsorption performance. However, the preparation
cost will increase due to the high price of metal oxides. Steel slag is rich in oxides of calcium, silicon, magnesium, iron, manganese,
phosphorus and other elements. Therefore, the composite preparation of ecological AC by steel slag and biomass waste materials
solves the problems of high modification cost, short service life and poor absorptivity, and expands a way of high value-added
utilization of steel slag.

Methods Steel slag/peanut shell activated carbon (SPAC) was firstly prepared via microwave heating and phosphoric acid activation.
According to the national standard of “Formaldehyde emission limit in wood-based panels and their Products of Interior Decoration
Materials” (GB18580-2017), a formaldehyde absorptivity experiment by SPAC was systematically made. The porosity of samples
was determined by a model ASAP 2020M surface area & porosity analyzer based on the N, adsorption-desorption isotherm. The
microscopic morphology of SPAC was analyzed by a model NANO SEM430 scanning electron microscope with energy disperse
spectroscope (SEM-EDS). The elements content of SPAC in ultra-high vacuum with Al K, laser radiation (hv=1486.6 ¢V) was
characterized by a model ESCALAB250 X-ray photoelectron spectrometer (XPS).
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Results and discussion The result show that the sample has an excellent removal efficiency (i.e., 93.2%) under the preparation
condition of 550 W microwave power, 1.25 impregnation ratio and 15% steel slag content. The correlation coefficients of the
experimental results and the fitted values for the pseudo-second-order kinetic model and the Freundlich model are 0.998 0 and 0.953 7,
respectively. It is indicated that the removal process of formaldehyde on SPAC is more dominant due to chemisorption. The N,
adsorption-desorption isotherm is a type IV adsorption isotherm with H3 and H4 hysteresis loops, indicating that the sample is a
mesoporous material. Based on the results of SEM—EDS and XPS, steel slag is loaded into the SPAC sample and elements Fe and Mn
have a crucial role for the absorptivity of formaldehyde. This study provided a reference for the exploration of steel slag based

functional materials, and a theoretical support for the efficient formaldehyde removal at room temperature.

Conclusions Steel slag powder could be loaded into the composite activated carbon. The prepared composite activated carbon still
retained the porous structure characteristics suitable for removal of formaldehyde. The synergistic action of the elements Fe and Mn

from steel slag powder was beneficial to improving the formaldehyde removal.

Keywords steel slag; peanut shell; activated carbon; formaldehyde; removal



