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Evaluation of microplastic adsorption capacity using Fe-rich waste walnut shell biochar
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Production of tree nuts worldwide in 2022/2023, by type (in 1,000 metric tons)*

Global tree nut production 2022/2023, by type

1,600 -y sy

1,400

o B S

Production in thousand metric tons
o0
(=)
S

NiReE |0 aRa e 0 EEEE 0 EEEE 0 e

400 ...........................................................................................

Az 0 om0 R0 BEEE 0 R
A2 41.68 28

0 S I

Almonds Walnuts Cashews  Pistachios Hazelnuts Pecans Macadamias Pine Nuts Brazil Nuts

Note(s): Worldwide; 2022/2023

Further information regarding this statistic can be found on page 8. i | A1
Source(s): International Nut & Dried Fruit Council; 1D 1030790 StatISta - |

P =T TMA AT S d4E 29 (2022/2023 7|F)

b SEZT BAS HES 67%E, HO|2X 5 BB 52/ FUAMNE AR 5 AT S
X 2E U (Walnut Shel)2 25 AF2| 24E0|0, 2 52| 67%E AHX| (Song et al,, 2022, Scientific Reports)
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5.1. Ect2E9|

Qe Ez|0 2 Ef=2E Eo|2gy 2|3
(PE) (PS) (PVC)
Monomer =X} 28 104 62.5
HIE 0.91-0.96 0.902-0.906 1.04-1.10 1.30-1.40
W= (C) 90-120 50-70 60-70
LH Ak 0] 0 0
Werdeld 0] @) 0
FEN2E (°C) 290-360 330-400 190-300
Aoter 350 495 454
2t A 2F (kcal/kg) 11,040 9,680 4,230
H A X FaH H| A A HI & A A| Fa
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5.2. O| M| S22 8 HA 7=

1. 8%/87Z (Coagulation/Flocculation)
- 0l o2 S REO|IEY ER=ES =0| 711 Hote| &S 0|85t HHO| 4|2 2 YRR Bts
- YAt A S 5= STEME AHESHY BtE2 FE (Alum, PCA, Fe-SO4 &)
-S4 8L oM YAY 222 SESH THEO THE = A St SE Al(Coagulant) AHE
-84 XME ubtE Sl SetEetE 2250 We| HNY = JAEE F YXE e E2H 7|F
2. =£2|9 o1t (Membrane Filtration)
- 0| SSt= 7Ao M2 71510 222 MEEc = 2| (225t A} S5t 22| 440 el 222 273)

Advantages

Disadvantages

- High performance

- High capital cost

- Compact units: less space needed than convention
al treatment schemes

- Maintenance and Repair

- Simple operation

- Membrane Fouling

- Membranes available can be used to separate man
y kinds of contaminants

- harmful chemicals for cleaning
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5.2. O| M| S22 8 HA 7=

St (Adsorption) — A=

Schematic diagram of adsorption

Surface diffusion

Adsorbatc phasc

Physical Chemical
Heat of adsorption Low High
Adsorption and adsorbate Non specific Highly specific
Adsorption rate Rapid Slow
Relatively low temper Over a wide

Temperature

Reversibility

Coverage

Activation

Electron transfer

ature
Reversible

Mono-layer or multi-la

yer

Non activated

No electron transfer a

Ithough polarization o

f sorbate, may occur

temperature range

Irreversible

Mono-layer

Activated

Electron transfer leading to
bond formation between so

rbate and surface



g1} Ho| 2 X}

5.3. HIO| 2O A 9]

HFO| 20§ A (Biomass)

1.

!

- CHA| off S R

SEMO HMEH Ex

&

g H7|E, HHH7|E S0 e

1712, =Al 2

ME 7=, HX &=, SYLTHF §

==
=

HFO| X} (Biochar)
_Hio|omjAE

2.

- 400~600=2]

o
- Al 7t

J

ot of 14 x| &

s A& 7ts

olo




ot A& HA

==
=

5.4. HO| XIS 0] 8¢t O] A

Kr
fo[n

Kl

Of

f

-+
(e]

, =70, 2HOHX|0 2

-~
=

Hl & &

o[
o1

>
jod

oo

Af

|

- HFO| @ X}

SctAE SH HAO =<

=3

Cj HFO| @ XfO| Za|A

A
—

1

AN A
%TT

0:(0)
K
iof
<0
K

4

K
KO0

oo

o

A0

10J| A MPOj| Lot BHE

- HIO|2Xte| ® O

i £7|1=2 i E M el HO|@ K=

A A
O3 o




5.0|124 n&

()

5.4. HIO| XS 0| 8¢t O|MISEI2E HA - AF

I

¥
'
'

%

The dominant adsorption mechanisms of biochar for removal of organic and inorganic pollutants
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5.4. HIO| X} 0| 8¢t O| M| SEt2E HA - AlF

r

Microplastics adsorptive removal via biochars and their interaction mechanisms

Microplastic types Biochar Preparation conditions Removal efficiency Potential mechanisms

Activated pine and spru
Polyethylene microbeads Steam activation ~100 % Physisorption
ce bark biochar

94.81 % (magnetic bioch
ar)
Magnetic-modified bioc Magnesium/zinc modificati  98.75 % (Mg-magnetic  Chemical bonding and electr
Polystyrene (1 um) ) . .
har ons; pyrolyzed at 550°C biochar) ostatic attraction

99.46 % (Zn-magnetic bi

ochar)
Nanoplastics:
N . . ) Electrostatics attraction and f
30 nm Modified biochar derive  Using Fe;O,, pyrolyzed at ~100 % .
o ormation of surface complex
1000 nm (carboxyl), d from prosopisjuliflora 850°C at 850°C .
ation
1000 nm (amine)
HNO3-H2S0O4 was used as
. Corncob raw and oxidiz  oxidizing agent; pyrolyzed Hydrophobic interaction and
Polystyrene nanoplastics . >90 % )
ed biochar at 500 °C, 700 °C, and 900 hydrogen bonding

°C




6. HEFA L Ml
6.1. HE2 U AJf
1. Alef (Be|2EH O[MZ2tAE; PSMPs) : O|= O|FE|F MQIERO|A &XYf Sigma-Aldrich Ar2| 210Da,

10,000Da, 32,000Da A|Sf ALE

WSP (HIO| AL d4H0f| ArE &l @ 722 22) : tietEl= F7| = QHA| S{ 28|20 A 710j

a4 RS (Fe 2EES 25K AHE) - Hietl= ZRZ0 /Xt M 28EH S=

NaOH & Hcl (pH =8 S 2l5h AHE) : Tietl= B7|= Al ZA| Hi82t=2 extra pure 55 AlS A 80|

A&
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6.1. M| B U A|QF

Physicochemical properties of PSMPs

Compounds Polystyrene sulfonate microplastics(PSMPs)
Formula CgHgNaO;S
(I)H
O=S=0
=
Structure
MW (Da) 210/10,000/ 32,000
pH 3.0 -0.99
Charge a pH7.0 -1.00
pH 11.0 -1.00
pH 3.0 -0.99
Log Da pH 7.0 -1.00
pH 11.0 -1.00
pKa -0.83

Water solubility (g/L) 0.028
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6.3. WSB2} Fe-WSB2| &A1 HiH

WSB2} Fe-WSB2| &4 7+ &, C, H, N, O= &4 24 7|(Vario MAX cube, Elementar, Langenselbold,

Germany)E AME5I0] 242 HA|

HHEY 242 BELSORP-mini || 249 7|(MicrotracBEL, Osaka, Japan)E A&t 24

It EHA EM2 Burnauer Emmett Teller (BET) 221 O 2 240l EESH Barrett-Joyner-Halenda 2 # &
0|835l0] 7|5 27| 2= & 2L|E =4
ZSfAE A M} #0/Z4(UHR-SEM; S-4800, Hitachi, Tokyo, Japan)zt Of| L X| 24t X-M 22 & (EDX)=

WSBLt Fe-WSB2| H M FEfstut fla S 75l 2L -HoE ALE
WSB2} Fe-WSB2| M 7|5 Ete{+&= FTIR &4 7|(Fourier transform infrared spectroscopy, Perkin Elmer,
Waltham, Massachusetts, USA)E S5l 4000 cm—10{|A 400 cm—12] 22 oA 24 AA|

B PADANE MO 2b2b XM ZEAF SR (X
)

o

2 (XPS) (Nexsa, Thermo Fisher Scientific, USA)Zt X-M 2| &
A(XRD) (D/Max-2500, Rigaku, Tokyo, Japan)S Sl 248 M|

WSB2} Fe-WSB2| ¥X5t X[ & (pHPZC)2 Zetasizer Nano ZSP (zeta potential analyser, Malvern, UK)E AHE



SAR ALBES HOISHY| Y, CHYS 8

= o —

WSBLf Fe-WSB(0.2-1.0 g/L HE)E 2|2 S5 &= A
Z+ A2 PSMP210, PSMP10K, 1 PSMP32KS| X£7| 5= & 4 mg/LE AT, Zt2to| 8 25 mLE

A
Erlenmeyer Z2tA30] 282 L @S HA|

0

7+ 7}
O] EHUE2 SHANQ =gtel F, 25°C 20 A 150 rpm2| FEZ 24A|7F S0+ TIE 1HH(VS-8480, Vision
Scientific Co., Ltd., Daejeon, Republic of Korea)= A A|

SHEL2 2| ¥7 ZE(GF/F nominal pore size 0.7 um, Whatman, Maidstone, UK)E A2t =%

— o
sk ZH™Z 28l uv-vis &= A (UV-1280, Shimadzu, Kyoto, Japan)2| 221 nm L& Z 0| &5t
P

SMP210, PSMP10K, 12|11 PSMP32KS| 8% L s & FHEA 5t=0 ALE (Fan et al.(2023)



1. B& 598 AEE sl PSMP210, PSMP10K, PSMP32K 89| £7| &£ 4 mg/LE &%

= o
8HO| &2l Erlenmeyer E2tAT = WSB XU Fe-WSBS| XM &0l 2+ 0.6 g/l =
S X QL PSMPE 25 °COlA mEH7[0| A 15200 A 24A|ZF 77EX| 150 rpm2 2 gt

SEA ol &l HALE= (PSMP210, PSMP10K, 12|11 PSMP32K & S&HEl @), Qe (mg/9)2 HEA|LZIH, 2T
E WA BE%)2 A1, 29 SAS ALY A&

|0

A owoN
rfot
oo
il

J_n_

(G-Q)v ”
e —— ( )
& M :
. (@— C)
Removal efficiency (%) = T <100 (2)

0
Mig)= NEE XM FAHE 2/0|5H, o (mg/L)2t C, (mg/L)= 42 PSMP,1o, PSMPgy, 12|21 PSMPy, 2| 7|

ME| X EY HENE LIEHHCE V() 80| S O|E LIEHHCE

oo O
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ObE 11X}, WSB2} Fe-WSB &2 0.6 g/L

2|11 PSMP32K2| SEE 0 - 10 mg/L Hel LA =HSIY HILE =

HI S
— =

(25°C)0f| Al 24A|ZE St 150 rom2Z W B[O
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6. HETK| U MW
6.4.5. SE0|AM pHet 0|2 ATl I
1. pHO| CHet S&F ME2 WSBRt Fe-WSBE AMES
[, 8AHO| pHO| LTt TS HIHSH7| s T
2. BHO[ X7| pHE 3.0-11.0 A0l = Bzl MY A2 Ch31 20| 473
- PSMP210, PSMP10K, PSMP32K2| 7| 52 & 4 mg/L
- mH 2= 150 rpmQE DB 2L = 25 °CE [{A|
- SEA| 21 WSBRt Fe-WSBE= 0.6 g/L2 AFESHR L, HHE2 24A|7F S¢F T
- W9l pH =2 0.1 N HCIZ 0.1 N NaOHE AtE
3. SB2} Fe-WSBO| 2|2t PSMPs2| S0 CHat O|2 Z=(15)2] S-S THEHSH7| f|df, Che
M7tRNOIA S&F A2 T
4, FHN HAHE @FE X457 o, ZE HYE2 M| Hoj| 24 TH

— —

NaCl == (00 A 0.1
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7.1. WSB2} Fe-WSB2| 22|38t &

- F 82 C:WSB & Fe-WSB 3&

- Fe-WSB : &0/9] £EX (ash) B

- Fe-WSB : ¥l (0/C HI8)

- 7|89 X|E : §A}

- H|EH™A : Fe-WSBZ WSB2| 1.74HY

- 7|39 A7| : Fe-WSBZ} WSB2| 5.57HH

» ZO| 7|9 MXA2|7F wsB2| E2|3EetH
EME SA A|7 PSMPs2| HH &
A

f

==

ol
il

12 o=

rE

M
Al

Properties WSB Fe-WSB
C (%) 86.44 59.27
H (%) 2.29 1.90
O (%) 2.09 7.00
N (%) 0.37 0.25
S (%) 0.09 0.18
Ash (%) 8.72 31.40
H/C 0.32 0.38
0/C 0.02 0.09
N/C 0.004 0.006
Specific surface area (m2/g) 512.18 892.64
Total pore volume (cm3/g) 0.07 0.39
Average pore size (nm) 3.23 3.17
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7.2. WSB2} Fe-WSB2| 22|3}5tx 2M

i B |

[E™ SEM Image]

(@) WSB (magnification =2000x)

10pm KNU 2/14/2023
SEM WD 10.1lmm 13:37:41
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> WS ol Fe-wsBS| EH Y, T4 7|5 A

g 24 A1 Fe-WSBO| Fe B 21.7Wt.% (H&0

(b) Fe-WSB (magnification =2000x)
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8.1. & E mHAYE] UHR-SEM 0|0 X]|
(a) WSB (b) WSB after adsorption of (c) WSB after adsorption of (d) WSB after adsorption of
(magnification = 2000) PSMP:1o(magnification = 2000) PSMPiox(magnification = 2000) PSMPsx(magnification = 2000)
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(e) Fe-WSB
(magnification = 2000)
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8.2. E% H= HIO| X2 & M

Total pore volume

Properties Specific surface area (m?/g)
(cm3/g)

WSB (2% ) 512.18 0.07

WSB after adsorption of PSMP210 118.22 23% 0.031
WSB after adsorption of PSMP10K 228.25 SO dd 2= 0.045
WSB after adsorption of PSMP32K /v 325.93 63% 0.062

, Skt X 4/

Fe-WSB (&% ) o mA 892.64 0.39
Fe-WSB after adsorption of PSMP210 80.40 8.9% 0.008
Fe-WSB after adsorption of PSMP10K 391.31 0.11
Fe-WSB after adsorption of PSMP32K 413.44 46% 0.19
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9. DIMISEIAE S 4

9.3. O|MIS2tAE SXH EHE 87t

T
(Y% 37]) (8d/Kg)

3 e - 2P| (AL EHE D))
- (22E7} 900 0|4) ' (KPI, 20223 128 7|E)

mlot

fuiok
0%

SFUE HrO|2%t HFO| @O A H|8: 8¢

(Walnut shell Biochar, K 7| H]: 2280 2,288 ZHJEH THH| 42.7% M A X E
WB) ' -
HILAL ZHO| EHA HiO| 204 A H|E: 8&
SFHE Ho|2%} HEM 0 BB =hAd A A 7t
Moghete Walnt shell M 7|H]: 29808 2,684  EIEOHH| 32.7% YT HE
Biochar, MWB) QFZH|: 3968

« E7PIEX|(KP)QE 22t21 BOHA (www.alibaba.com)& 7|FES 2 M4t CHIHE LPHSIH OO, wBet MWBE AE4
#A29

TROM HZ=HE B2l 4FHIQ TI|HE EUZ LHEEH(ESS Ads| A <)

£47}

1. 22210k 7+ (www.alibaba.com)
(1) F2HE FYU7HE: 48 /kg (2kg ER)
(2 WB 1 kg 247+ -8Rl /kg

= SEAE 832 kg) x 50%(TE)

1. HO|20H A H|E: 8%
2. H7|A+E H|8: 2280@

3.7N Lo 2 H|Z: 397

o, AL H|2: 6602 =
(35% Bt HI-Z: 6602/Kg) 2. Rotary kiin E=3j| A| H7|At2 H|E = 2280¢
AHAICET = 2 T
4. WB AHEETE 142 = 22888 /kg 3.35% G4k 71 6609/Kg (06 kg 2R)

o:VN 74 f=]
5, MWB AAIEEZE 14243 = 268490 kg 7N G4t HIZ= 71 = 6608 /kg x 06 kg = 3963

} “ZHMEF CHH]| 30% O|A} ZHA S22 EME INE B8 715



Ref. ZHEl C{H| Fe-WSB2| S%} S & H|w

{90 [ Smm PSMP,,; PSMP,,x == PSMP,

Synthetic solution
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Removal efficiency (%)

AC Fe-WSB
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