J. Soil Groundwater Environ. Vol. 27(1), p. 31~38, 2022

< Research Paper >

et L9 oftkstEla

Rl e

https://doi.org/10.7857/JSGE.2022.27.1.031
ISSN 1598-6438 (Print), ISSN 2287-8831 (Online)

ULHE S5t Eta-E SEH MM U
B +3 dE MA

SN - sEE>

g~ et

Fabrication of Metal-biochar Composite through CO, Assisted Co-pyrolysis
of Chlorella and Red Mud and Its Application for Persulfate Activation
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ABSTRACT

The common algae and industrial waste, chlorella and red mud, were co-pyrolyzed in carbon dioxide condition to fabricate
iron-biochar composite. In order to investigate the direct effect of chlorella and red mud in the syngas generation and the
property of biochar, experiments were performed using mixture samples of chlorella and red mud. The evolution of
flammable gasses (H,, CH,, CO) was monitored during pyrolysis. The produced biochar composite was employed as a
catalyst for persulfate activation for methylene blue removal. BET analysis indicated that the iron-biochar composite
mainly possessed meso- and macropores. The XRD analysis revealed that hematite (Fe,Os) contained in red mud was
transformed to Fe;0, during co-pyrolysis. The composite effectively activated persulfate and removed methylene blue.
Among the composite samples, the composite fabricated from the mixture composed of 1:2 chlorella:red mud showed the
best performance in syngas generation and methylene blue removal.
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ZZF(Chlorellaye @olol(@), ZY(Red mud,
RM)= A ZAAAATA(KIGAMPIA Q1530 5 A
v AAH 80°CAIA QA 24x7FERE A $ ball
mill(PULVERISETTE 0, Fritsch, Germany)S AR5}
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J-7E @l skt Wg#ll B (Methylene
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Fig. 1. TG (line and symbol) and DTG (line) profiles of (a) chlorella in air, (b) chlorella in CO,, and (c) CIR2 in CO,.
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700°C Bt} =& 250X oF 9% BEo] dio] o}
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o B2 FAEE YERtom 5%
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DTG /9] &< B3 Fig. 1a8} fARE 43S Beloh
ol HxF U 3 =4 3ol H &
TN doldths AS ofngit). 2aF A 7hae] 4
= E3H Fig. 129 A4 Al FARE AX(65%) B
At ol HX2F W 18 v Aol Ol&i}'i‘ri 1%
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Table 1. Relative gas (CO, H,, CHy) production from pyrolysis
of samples

H, Co CH,
Chlorella 201.7 1116 127.0
CIRO0.5 233.8 1079.0 89.1
CIRI 248.4 1498.8 843
CIR2 3125 1783.4 88.9

CO, CH,8 &% 1HZE ZEst de e 77
111.6, 201.7, 127.09= YRt CIR0.59] EE3f ol
H,, CO, CH/=% 1#jZe] A& ke 1079.0, 233.8,
89.1Z UERtt o] AFlME RME 279} 355 &
EPe v S27E 9 GRS o) B Gilser
Ao] Arkgo] AA IR As gR1E F o
A 5 AR SRS wgke] AAkeRe sk A
o7 Yeldt) ol RM} 272 3F Oﬂl‘%ﬁﬁi &+
712~(H,, COY] AAtS A SUE 4= lom vk
PRt s} A FoAThs 2 Bl St v
g ArkFo]l AR RSt AMEE diksiekat

o NG AL W WY St glh Fig 194
T AR FEAEL B BGHA Fahol FFL
HA1A gsithe AP TlRo] B w) ol SuE $h

A 'ATL olksiebae] ofsf EallEwA] diksieiAE
A9k Ao Z BRItk(Kwon et al., 2020a)

CIRI®} CIR2E Eialstd 42 H, CO, CHy, ¥&=
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31 1783.4, 312.5, 88.92 RIS} ol EFECIA
RM9] HIgo] S7185 COo9t Hyo] Arkdo] S71ehs
UeRdtt. vlo]om2se] GRS oA A Fo] F7 A
2ol HIR= JEe o] AFEClA FRIgE v St o
£ 59 3 =relxe da 3 gEsloA HEs 9

A1Z1 A= (spent coffee ground)yS E&3) 31HS 5
o] Ako] F7ret o, oliksletagtd dialel
/H% Aot YAksieba ko] BT IA FRItE
AL ZH3IATHCho et al, 2016). & AFlA RMS}
%i%ﬂ FEEEANT 7R ALl mRl e EEst
RM Ujol] -85 3 o] Zujdele 33t Avls B
Aot ApH o= RMe} 52R[E FeEwsiste] 347t
2= AAS FA Z71E 4 ke AS ERISI
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223, F&mlo]|e ) Bl EA

Fig. 1914 83t 7RaBiox) 71 953 278 &
=3 CIR2E g3 sl A3 nlo] 23HC1R2B)<]
BET ¥4435 Fig. 20 EAI3IAT). Fig. 2200 Lyehdl
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Fig. 2. (a) N, adsorption and desorption profile and (b) pore size
distribution plot obtained from BET analysis of CIR2B.

Tgfze A2oA 7I5tel] S wWE A F
SR AEs e o] 1ejEs 2
F 546 digk ARE AlFsle] thd £29
o] =2 AME-SH}(Khalfaoui et al.,, 2003). Fig. 2acll4]
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Fo| % ZAVTIL FHL F Aok A 4 0408

FEolE A F3 a5 B H Apelol 150)
Uehh= 3E 811 4= St} ol= Alg AE 2-50 nm
Alo]e] W2 AlE(mesopore)?] 73 A4 2 Tl 9
3l gzto] A|E Axe} d9A Aok S 22 e
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Fig. 3. XRD spectra of virgin red mud and CIR2B.

20 60 80

RMS} C1IR2B2] XRD #4235 Fig. 300 TAISIACH
RMS] XRD Z¥or= RM U] Ao 8 Axfo] &
A A(Fe,05, JCPDS # 33-0664, 20=24.1, 33.1, 35.6,

40.8, 494, 54.1, 57.6, 624, 64.0, 70.0, 72.0, 754,
77.8)% °]Fo1A ALS & 4 Atk(Sahoo et al, 2021).

o] 9= Sodalite(Nag(A1(,816024)C12, JCPDS # 81-0704),
Bochmite(y-AIO(OH)), JCPDS # 21-1307)¢] 3|=7} &
Z59th ¥hH CIR2BY] XRDI ZAE A
(Fe;0)= YERNE 3= (JCPDS # 19-0629, 26 =30.2,
354, 43.0, 57.1, 62.69% RIS} tH(Marghaki et al.,
2020). ol ZERFY] FE FEdvE g wet
RM Wl Fe,0y7F AP 4 (Fe;0,)0 2 o] e it
Fe,07F G&3l #golA Fe;0,2 == AL 34
T WSk 7kl o3t Zow FHH Z}*ﬂﬁl ta}
W FiEal] A FAsE HoF Co7kees tiEEAR]
A EA F5S SUAE W F2 AREShE 7Ro|th
o)A AFelME o]t kS o83l Fr|EY &t
2E A8 FF FESE Fe,0,2 A7 (FyHA
HAIZ] B ATk Kwon et al., 2021). £ A50A Fe,052]
3hlo] Fe71A] ZIP=]R] ek Z1& whgol Alggl ofiks)
7 Hol SIukg-S oAslsdr) w2 FYH)

m“o

_1.4

224. % MB A7+
T MB A7
RMS] el m&
AFS S8 vh

3l Fig. 49 =AISHA /\W Fe;0,- 82 71au B3}
AZ o] 83 7% FVILIER A7 Aol v pH

oA uhgo] Fws Yohe AL
=R

gRIstAom wEbA
3904 Y= A TH(Kwon et al., 2020c).
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Fig. 4. MB removal under different conditions (a) changing red
mud ratio in samples (initial pH =3, SPS concentration =2 mM,
MB concentration = 5 mg L', biochar dose =0.1 g L™") and (b)
with and without oxidant (initial pH =3, SPS concentration =0
or 2 mM, MB concentration =5 mg L™, biochar dose =0.1 g L™").

Fig. 4a0llX] 52579 G2 A vle] 2 2HCBO)S}
SPS &4 slollA] MB A7 &%= CIR0.5B2} Hlnls]
=2 FFoE et CBCY SPS &4 3lollA MB
o] A7k T2 FF W) 7IQlel] Wl ol &=
< e 527 1 vlelext 13 MBY BX71H
o] F2 Jehy] WEoE Bolth ¥hd C1R0.5BE
CBCO Hla) %=S He Fe;07F MB9Fe] whaes &
Jatom SPSE FEs| SRV dle Al &
& o7 HOItE CIRIBF CIR2BE SPSe} A Al
23198 Wl MB A7 £k IA FBINeY o=
ulo] @+ Wl Fe;0, FHFo] S718l wet SPsE izt
2 Pslele vhSo] TS UERITH HEAHS
2 CIR2B7} 718 =& MB A7 £52 Jehfjs 2
IRIE 4= Stk o= Hlo] A} W9 Fe;0.7F SPSE &
dslste] SO, 9k OHe SfZ-S A o] A+<] 2
o} H3HEFATHKwon et al, 2020c). o] w=wH
Fe;000 €3t SPS &Adste] whg-2le oh3a} At

Fe*'(in magnetite) + S,0¢ — Fe*'(in magnetite) +
SO,.- + SO

Fig. 46 MB A7+e] F@ wks Hg2E elsly] 9
3ld MB +CIR2BS} MB + CIR2B + SPS 2794 A
35t Ax= Jehith 7 23 MB + CIR2BIAIE MB
7} A9 FolEA] &2 AS FRISAY. MBS} CIR2B
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