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For the sake of green soil resilience remediation (combined with important
international trends such as soil heavy metal control, agricultural waste circulation, and
soil carbon sequestration), this research project aims to develop a biochar-hydrogel
composite material. This composite material incorporates the highly stable structural
properties of biochar as a matrix, and combines with a hydrogel material with a three-
dimensional cross-linked structure. The composite material can be used to fix (or
immobilize) heavy metals in soil due to its high adsorption capacity of heavy metal,
thereby reducing the mobility of heavy metals in the soil. The composite can also realize
the function of soil nutrient and water retention, reduce agricultural non-point source
pollution, and increase crop and soil health. In the meantime, the composite material can
be ultimately considered as a carbon storage medium to enhance soil carbon sink and
help contribute to our country's goal of net zero emissions. The objectives of this project
are (1) to review the international progress on circular materials, and their ability to
improving soil properties and enhancing soil carbon sinks; (2) to develop a biochar-
hydrogel composite using agricultural byproducts as a raw material, and its associated
the preparation process; (3) to evaluate the performance of composite materials on soil
heavy metal adsorption using the real polluted soils with representative crops, and
identify the correlation between physico-chemical properties of composite materials and
important soil functions; (4) to establish reaction kinetic and isothermal adsorption
models for the developed composite materials, and propose the standard operation
procedure for the develop composite materials. The results of this study show that the
removal efficiency of the novel composite material for Cu?* in aqueous solution is at
least 94.7%. For Pb*" in aqueous solution, the removal efficiency can reach 73-89%.
Based on the experimental data obtained and the potential-pH diagrams for Cu and Pb,
it is evident that the main species of these two heavy metals in the experimental
environment are in ionic form, and the removal mechanism is primarily ion exchange
adsorption without precipitation. In addition, by establishing kinetic and thermodynamic
models, three formulated composite materials developed in this study were analyzed for
their adsorption behavior in liquid-phase tests for copper/lead ions. The pseudo-second-
order kinetic model better simulated the adsorption behavior, indicating that chemical
adsorption is the main adsorption mechanism during the adsorption process. Finally,

actual contaminated soil tests were conducted, and the results showed that the addition



of the composite material (at a ratio of 100:5) reduced copper ions by 14.4% and lead
1ons by 10.4%. With the addition of the composite material (at a ratio of 100:10), copper
ions decreased by 20.1% and lead ions decreased by 24.2%. It suggests that the
application of the composite materials to contaminated soil effectively reduces the levels
of copper/lead ions in the soil. Furthermore, the results indicate that the application of
composite materials in soil can significantly enhance the content of total organic carbon
in soils. The total organoc carbon content in soil for the group of fertilization with
composite materials is found to be 5-folds higher than of the baseline (without

fertilization and composite materials).
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PAHs)
Dioxins/Furans 17 lsgg(Cg)TE Q10| £ & 2
(PCDD/Fs)
dry wt
Pc.)lychlorinated 021 5 5o
Biphenyls (PCBs)
Arsenic 13 -100
Cadmium 1.4-39
Chromium 93 -1200
Cobalt 34 -100
Copper 143 — 6000
t425% Lead 121 -300 | mg/kg-dry

Mercury 1-17 wit.
Molybdenum 5-75
Nickel 47 — 420
Selenium 2-200
Zinc 416 — 7400
Boron Declaration

H2# <% |Chlorine Declaration
Sodium Declaration

F4FA 6]

(3). Test Category C ( Advanced Analysis and Soil Enhancement Properties -
Optional ) [6] : %5 %] C ZEH MBI P » 2 F RBAREF 7 & * L2
BIEZ 2 0 RPBIINA A 2P > P RAF REFEFFTZE



3 ROKRAE E R R R L A BB R L G

(' Volatile Matter ) fv# & ## (Total Surface Area ¢ External Surface
Area)>» M2 BIEPEFH2Z L FRRBEL 0 bldog 2P T
(Mineral ) ~ § B (¢ 45482 pI'e® )~ %% (Total Phosphorus) ¥
% »c#x (Available Phosphorous ) ~ 53,47 ~ 4T ~ 4% ~ f & o

EHIEF R E TR IR AR REATF S TR
BE o VHRA P REEFLN > ok = AT 0

2= ~RHBA P RIERE %(ﬂﬂ)i%ﬁﬁﬁ
¥ B FiE ip A B L
e >600/kg
£ Hp E R EEA e 500~600/k
iy | :
— dmY ogiF A #& | BC+100 5F e 400~500/kg
K
| 2 o 300~400/kg
e <300/kg
) e AY 2T E
By (k) Ehr RS
¥R 7 b re AT R v 77 i
v ¢ ~
e K(S)ﬁﬁaﬁ(Mg) P/K/S/Mg | 0~4 £ (blde: &P 8T Al
B R A NEL 1)
o >20%
T E | B AR o 10~20%
Z i * ,11 & CaCOs-eq | 0~3 °
T &% |pH#% B e 1~10%
o <1%
71{:""2;7"‘9 /R_ J( r,} ‘6 4= r,} ‘f,- 7= 4
FRINIZTE R D y D e -
EOE AN T i !

2. A FRES

B2 P REL(EBC)R w2 ¥ R AR & ¢ 4] T2 Fsi s [7]
?%i%ﬁ%ﬂ#W§%w~w@wg\g¢%#¢%%43‘4g
AR G gk R g A R d (BBC) 5 i i - B3R
FEEA P maA A b1 24 Q;i}@ﬁ_.f_’ AR 5 é’ﬁf‘\i*”ﬁ(rﬁ
TR RHAAFFIREEN B PhA S0 E2RDEFTHRE > 7~
RAMTZAKRAF RE* APM 022 A#H (blde D Bp w2 2R
ﬁf{ﬁ*ﬁ%% Fld p R RS A RIEA S R R RS 0 EBC

10



S e i

IRFEIE P A ] LT )":—5‘ sz\ET L] [

EBC-Feed

EBC AgroOrganic
EBC-Agro
EBC-Urban

EBC-ConsumerMaterials

EBC-BasicMaterials

EE

)

Ho o B EA* 5 B2 4% 5 EBCAgroOrganic 2 EBC-Agro>
P A AR R EBRE AR 2 2R o LaEn? A REHA PR
TR AR R R 0 B AR R R HEF 4 e 7 Organic Carbon (Corg)
H/Corg vt &) (& F-[ 32 07)~ g MG 1 &4 (VOC) 2 & ~ 2+ R
FARIL (bldcd ~BE 40~ 8 4Tod) 2 2288 -

&t o IBl & EBC fRlph % < [ 3 0 Flpt > &3

P B R A B R AT A2 R R FoioT o

AN Y L ER S T F R0 R SR

) i H _a%%? % i
IBI Criteria EBC
% of total Water content;
Moisture mass, A% A% Water Holding
drybasis Capacity
10% '
Minimum Total C — Inorganic
Organic % of total | Class 1: >60% E;zz}efsl;al SE 1 E
Carbon mass, Class 2: >30% Ctot, Corg | 4 ¢ chif% 4 4%
¥R (Corg) drybasis and <60% H N’ os |p =
Class 3: >10% o -
and <30% SBC+11002C0rg*7*5/7
Molar ) gke .
H:Corg ratio 0.7 Maximum <0.7 (H:Corg0.4 12 })
% of total
Total Ash mass, dry A% \Y
basis

11




2P RKBAF EHARIIRE EHER ML TR

e
5| e H > #r
ﬁﬁ a IBI Criteria EBC '
% of total Declarati
Total o OT1oH total C and H cearation
Nit mass, dry (Cat C) of N, P, K,
itrogen ategor
< basis sory Mg, Ca,
pH - \%
Electrical
comedt 1 4s/m v v
Conductivity
L B
pH is % CaCOs3 A" - H &3
above 7) P
% <0.5 mm; %
0.5-1 mm;%
1-2 mm;%
2-4 % 4- 1k i "
Particle size mm;% 4-8 | bulk density il A I S
distribution mm;% 8-16 dry matter Fork il § 2
istributi Rk Aol £ 1
mm ;% 16-25 | (@ <3mm *
mm;% 25-50
mm; % >50
mm
Germination
Inhibition - Pass/Fail c ki VA
Assay
ZOchyjhc § TR E ok i K
romati e
omatie 16 EPAPAH | 4 5 B3 '0i &
2 . | Hydrocarbon o 1 i
pEET B s (PAHS) mg/kg 6300 (6.0+2.2) [(H.d F #HH 4
X3 ’ dry wt S EFSAPAH | A4 ~ & ~ ¥4 @
total (sum of C s o AL b,
(Hazardous (1.0) P F N7 = >
o . 16 US EPA FAEA )
rga.mc PAHS) T
Contaminants i
) Dioxins/Fura V&?HgO§E
ns 010 d 17 20ngkg! | B =*
r
(PCDD/Fs) y
wt
Polychlorinat e d
m Ir 2= a2
ed Biphenyls | ‘(’1 Y1 02-1 0.2 5§ %
\'%
(PCBs)

12




EE

> F%?%T?ff

q ‘%% A
IBI Criteria EBC
Arsenic 13-100 13
Cadmium 1.4 -39 0.7/1.5
Chromium 93 -1200 70/90
Cobalt 34-100 -
Copper e d 143 — 6000 70/100
4% |Lead e g; Y1 1212300 45/120
W
Mercury 1-17 0.4/1
Molybdenum 5-75 -
Nickel 47 — 420 25/50
Selenium 2-200 -
Zinc 416 — 7400 200/400
Boron i Declaration -
= Chlorine me gt Y1 Declaration -
W
Sodium Declaration -

13




4 AR E R RS BE £ R B A2 B TR

W FLEE R 3 ARSI B R R R
B b L R REARE Y ke (SECO) L 45T » B gi frdk s chfpir{r il id &
TR &£ 1% 22014~2019 # > B E W1 F 5 B efddke jnF2 27 w3 A @

(VNCPC) & 1% » i 23t TR § »xi7 % 2 A (Global Resource Efficient and
Cleaner Production Programme » f§ # RECP ) 78 P v A% 5 i& {7 ke 3R - > 2017
£ 5 #74) PPV300 o 4 # #li3 % Viet Hien Ltd. f4%3 325 +# ;3% 2019 £ >
RECP %%t > #RAEFHEIETE { 75 PPV300 v £ 55> g H gk
A F o s 4 R RS ARE 1342 AL (SECO) Febz 2Tk 4 :ﬁl E 1
(GEPP): #:iB5H & W1 £ E Kl (1% Kl ) %42 T Promoting a small-scale
pyrolysis system business model in Vietnam ; ( Pyrolysis Vietnam, 7/2020 — 6/2022 )

4 [8]0 B et B fRBEL A e pms i s BET AR
TR EEG 2 B2 F R FEF o - JFFTERE 9] Hd o P ARAE
7% PPV300 (LeViet B ¥ & iT4k) #74 A 4 P 2 458> & 5 ¢

© RSLFE R 100kgh e x FEE A AP RARYE 30
kg/h -

« EAF k320029 d bR

© AP R FRETE WAL TE (N 80%K P A ) e

* RBARF EER -SRI FAMETRRAT AFHLER

e FH AR d Az WA AN 350~400 F A/ (FFAfEF R )

GEEUA ARG R ITE R (TPAR P RREHRL T F GMS) L %
BRR P RER N EEA P RD H{cF & - UNIDO [10] F£385 @ A%s £ p
Lo fdxend Fo RO pBEAD B o d S RS 7 B9 e 25y 5é g
2 2K (BRAPBRN) FEEERH S FFT R ARBYHEARD F o0k

Fo2 A H R K 2 ~20 eSS FIE TR 1 27/ 350 (P 10 2w/
BE ) Bt - 4 mmfw;m ¥ S 100 @%;; CF o LA RARRE
(PPV300) 2. B ZHT i AL £ & 174k 7 K 8 &4 10 B B ? 3 A
R fwrded e % avis B e b N TR S R AR R A B Pt S kA o
MR AR NG AR el AP RUARHEASFLC AT F AR
S L AP R AP AGNE S AT 0 GRT R AR H o e B R TR 2
FARERB-FF L A& Y RIoR WD a4 kg BIET PRS-
LR PEGEARFREFE > FPEFEN DY - AFTVEES BRI GA0R
P25 525 ENGO # EE W ERHUKEDIAEFA L RE AGHCRZ )

14



Fidp R 2023892 5p T = 03:37

‘ﬁ—‘:—_ N "?)EJ(%FF‘J‘

R AREAMEBF PR EFRA AT TE L (73 N2 23 5 AT He
f

SUSTAINABLE
DEVELOPMENT

G<:ALS

7 #L &k Market Analysis for biochar from small-scale pyrolysis of agro-waste in Vietnam.

Bl= -~ R 2P HmBERETE % GMS 2 57 87 5

313 ™ 442 IRBITE

A gREE Y L I AR L PR QS SEEGE
doBle ST ) H A E SRR A S H A B TR AR SRR SRR
%ﬁi%%ﬁﬁioi%ﬁ?ﬂﬂéﬁ?&w¢&,@_§@L JQ@,j‘

=
Ag_
I%
*\g
.&.
-%..
(™
Pl
fic
P4
I
9
RS
I‘@
Ja
43‘:
"
4*
&
3
el
s
%»
hn)
B
2
.j
e
c“'

ﬁ”ﬂ&?ﬁ%iﬁ SRR B R 2

m”nl-nsm ".Cllom.

Hydrology;
e pasic tunctions of lloch,,

YA,
a2
Atmosnhere

T &R 1 [11] e
Ble ~ 25 REBEEE T ivt
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g pER o 202390 5p T = 03:37

PO AFRATRGIBEETR REA I AR BT e TS E
PE AR T E A RTRZ B SRE o I LG (BT ) AP ART

Gz A g oakit e A RT A AL
. _E" i\ﬁj*lﬂ};lﬁrz Pf,fé—lﬂk{“irg ;;4‘
P Ft o R TR 6 RA PR g AF AR > MR H L e

FTE & BL o o

@ Surface
@ Precipitation
(amorphorse)
Physical O Ca(l)/Ca*, K(I)/K*, Mg(II)/Mg?*, Na(I)/Na*
Adsorption @ HO
Functional groups @ PO}, Si0*, CO»
e complexation Other © Fe, AL M

FA kR [12] o
DESNPES TR Sy PR

16



FZF Y RET

304 %57 4 d RET R 1 P 2 B

*«’f”ﬁp’”“*’?ﬁﬁ FLIEAR > BRZIFTHF L REF (%%%it?
2ivp 2 PREIFIFFRE U R (B2 F) 27 - Mok Ye
& 4 [13] ™ Meta-analysis = ;= » L& & 47 2008-2017 B 56 IEF'?L“ * 7 (—’& 264
BREE) MESEFA A% <20tha'~@P (1 £) 32373 FFig -

I AP A E LR AR BF R 0 £ R BRI

o HpiR* 25 HL I gH i A E Ko > FEART - Frvplpit s ppF
o2 PRt Fregd, v g A E8RE 15% (CL:11%-19%) 7 L% &
Fhed P REREEFAE S G LR R ke

o ZFRFEFIL FNFTHLAIRIHFBT L ARF L FARITH TR

ii%%to
o P REFEAFTHFL 2 F pH B2 -
o AFHHFFEFNENFTI0NAN > ABPP XA EFHNRFTHAE -

Schmidt % + [14] T £ f 2016 & 12 %% % 2 26 35 Meta A 472 4 4 &
BEm» 23 GaE 1500 5 EE IR ) a4 R4 R 4 2 o
Foe AR (BF R ER T TIFI L Lok & i H it
2R AepE A s B i T O R R A > B 2 BT (SOM) ~
N2O #:3% ~NHs 43 el fe@in 4 o 57 6 0 0182 a7 ip % > 7 ded b &
3SR ey > £ H 084 1 % o Basak & 4 [15] ¢ g?‘&’ﬂ‘ PRAFRR D
B 2 F A e RS TR oA B RO R E Y e R AR R
e fpind o @A AB T SN o EEN IS R RS Blde 3 R AR
AL ABEET R AFTAARRAT AL KB 4 5 # (High Specific Surface
Area)~ MA > E B4+ ~ 2 3 5 88 7 £ (HighOrganic Carbon) 2 2 # & ; &
2 EAP T AL ROR o B kAR o b BPRIEE S G4 B 2
BERE > TR P RAE S
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b @pER

G RCRA B R AR R B E £ B R AT 2 ok

Weathered tropical soil B d soil

incorp

$ 202397 5p

P

soil properti

Derivative effects

Physical
properties

* Poor soil structure
+ Low water holding capacity
+ High percolation losses

! Chemical
| properties

« Soil acidity and AP* toxicity
* Poor soil CEC
+ Low nutrient retention and supply

+ High inherent porosity of biochar
+ Polysaccharide production by

increased B-glucosidase activity

« Increased plastic index and liquid

limit of soil

* Reduced tengile strength
+ Reduced cohesion of soils

« Proton consumption
+ Reduced exchangeable AP*
+ High surface area & surface

charge density of biochar

» Improved soil buffering capacity
* Regulate nutrient cycles
+ Biochar acts both source & sink

of essential plant nutrients & SOC

+ Soil porosity (), soil bulk density (| )
+ Macroaggregate formation ()

. Waletstableaggmgale(T)

- soil shrinkage (1)

+ Soil water holding capacity (1)

+ Soil hydro-structural
properties ()

+ Plant support and
vietd (1)

+ soilliming (1)

. Heavymtal(loﬂd)toxldty(l)

+ Soll cation exchange capacity ()
« Nutrient retention () !
+ Nutrient supplying capacity (1)
+ GHG emission (|)

+ Soil G sequestration (] )

- Soil conditioning ()

+ Leaching losses of nutrients (| )

+ Optimum pH for

microbial activities &
plant growth (1)

+ soilfertiity (T )
+ Environmental

contamination (| )

Biochemical
| properties

+ Poor microbial & enzymatic
activity

+ Supply substrate & habitat for

soll microorganisms

+ Modify soil physicochemical

« Metabolically active soil C ()
+ Soil microbial activities ()

+ Microbial diverstty (1)

+ Soll enzymatic activities ()

+ Soilheatth (1)

. Nu!nenlcydmg(T)

« Waste manngemenI(T)E
+ Crop yield (f)

T kR L [15]

Bl= ~2F ks hh

R Z8RB A5 R sk
30% 2 kit A Rwr K LA
;L“f%q’r 4 J}"'ﬁ\{;\ & 0

2 THE s Bilde @5 % A &

’ i,f;:f‘;’i%f;?
2Bl 10

( Per Application Rate ) =t

SRR
o0 30 Sepo R E 4 A = o

Z
£
+

Term Cumulative Rate » ¥ =% & 2 tha ! yr! over 10 or 25 years ) °

T %Ry T

gguL,ﬁg%%%i%ﬁ?ﬁWq“Wﬁ

SR ELERFLFI ARG DB AP RRY GRS

%%i%ﬁ%ﬁ%&ﬂi&#&ﬁﬁi~m%%%
:} o

FPROBET G

18

E) BT 2 ;};R;_%\:i

it -

R e R é),?’%“ -7
P T8 60% 27
& SRS PR
8 R A
B R

* § (Long

‘%%?%Eijﬁ,}‘@*ﬁ BA 5%

.1/_

7 ‘frj}ﬁ: ElS 18
( Carbon Credit) %

- [14]

T = 03:37



R e

305 %6 A p Bt e 2 B

TE KR FRFAHERRESFP 2 ",f—‘ FLREFFAY T L R
(Negative Emission Technologies > # - NET » 3¥4c B = #r71 [16]) T3 5F &%
= #-73] (Integrated Assessment Models) # )3 — %‘TJTE;‘);‘ BxE®itzjz> o NET
AR A GA A - AL INRE P RRE bldeid e i@ +F (Afforestation
and Reforestation ) ~ # 3£ & 4173 (Soil Carbon Sequestration ) ~ ;% %5 %¢ ( Ocean
Fertilization ) ~ 2 4 & (Biochar) # 3 % h i* (Enhanced Weathering ) ; ¥ — #g R
7R ERES F R &IJ 4B 5 AT IE R T 2 4 4 s R (Bioenergy with
Carbon Capture and Storage ) & & # 7 # # & & %5 3 (Direct Air Capture) o NET ¢
Z5BA oo o 5:}1#:4}‘1‘5&\\\%:] FFE I S TRE R AR lpq/}:}ﬁ/"}ﬁ L RER M=
AP RPGFE G ARSI ',? v FRe i § B AR G 2 AR Eiiﬁff B
S ERR TR o

’

Capture via: Photosynthesis Chemistry

Technology (Afforestation & Soil carbon Biochar Bioenergy with Direct air Enhanced weathering Ocean
cateao reforestation sequestration (BC) carbon capture capture & ocean alkalinisation fertilisation

gory (scs) & storage (BECCS) (DACCS) (EW) (OF)

£ . Suspended Silicate Carbonate Iron
Agro-forestry Crop residues amines rocks rocks fertilisation

Implementation

F options Agricultural Dedicated crops Wet Siliate N&P

Boreal practices P calcination rocks fertilisation

Livestock . . Enhanced
TErnpemteJ [ practices [ Dedicated aops (marginal) J upwelling

[ Tropical ]
Earth

system | Land Ocean

Storage

Above-ground
medium

biomass

i Geological reservoirs i Marine sediment
st 9 —— & calcifiers

TR kR C[16] -
Bl-= -~ B4 f s His (Negative Emission Technologies) 2. 4 #f
B~ (2) 5 Wang 24 [17] & 425 RE* > % 52 %302 e 8~ g
3~ 7 P EM ARSI Kook E T R Ao VA - R ERE R it
4
4

MHEET R HY B G AT Ed AR PT R A FEHH S Z AP RS
His > ¥ AL pidt e 4 235 o
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L BpERF 2023292 5p T = 03:37

D ROKRE £ TR B E 2 R AR L SRR

Net carbon withdrawal Net carbon withdrawal
from atmosphere: 0% from atmosphere: 20%
— —
4 | s \
g << Sy o< & < ==
XV / Co, O\

-

Flash carbonization
Gasification Biochar Biochar
N
-'ﬂ‘
P\ml\ sis
Hydrothermal
S ,
X

%08 9sesjel UoqIES
%S~ oseojel Uogie)

P i

cnrhunlln(ion

Bioenergy:
carbon neutral
(reduces
emissions
from fossil fuels)

.. Biochar f ri:l { o0

% materials
Torrefaction ]

b@@@

Feedstocks

Catalyst
$,0,

N ‘
FARR () [17]5(+ ) [18]
Br s (2) 35 AmY 5 (£) 24 ARSI

Biochar sequestration:
carbon negative P
(reduces emissions

TR 4B ARLL G AL BN ()R A PR AR AR
1945 Lehmann % ¢ [18] F % » {54 5% & 107 X fes § iv sy (100%) 50%
LTI G AT L A F o FIT S0% LR A AT ek SR R A
RPRVFEIE A2 KA T AR REFBAESZF R
Ew ok F o B F A A 00 BRI M Aok M A MR EE
AP R A 25%TE ¢ AR i"f”nz—, B AEER A F 0§ b 25%
PREE LLER AT LB RAKRTL AN S f LR $
T TR AR S F LREE T A F 0 T € 20% PR A LT ko BB R
Bz LR P LA R ﬁ%”’”54ﬁﬁ“ﬂﬁiﬁﬁﬁéﬁ&ﬂ%ﬂ%
R TS BB FE AR A SUE R BUR K BRI
Fer > APRIERFLGFP 2T AN FHAFREI T2 f BE o

AAAPRZAIFTRT e RETFARS S5 *#i%ﬁ#iﬁv#i'iu
A e st Y B Rivii?ﬁ%i(rﬂ'h) Moo AF AP R 2R
PR G A 100~1000 £t Rk d A T (GlAefsE s A H E%‘t)
A E 2 BEEFES 100~1000 & > Flpb 032 B Fed P AT R EEAL
LT L RBEER L - o V- 2o 2 AT ARG A (2
Ao 2 M FAR RPN BRI A S AR TV AT AR
B b R el DA RS G S 2 S RV L 2 IT XA L R
BB T IR R R/ A Li\% FToopld A e fonild 2 o IR
WATG Ao 4 p AT 0T 8 24 T (SOC)#F 0.17~50.4 Mg-C/ha/yr[19]-
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FZF Y RET

Smith [20] % 4 +v* & > 3% 3 3B 4175 (Soil Carbon Sequestration ) fv# 3
(Biochar) 2 H & f gLt 3 41% ~ ok~ &4 ~ pBF SF i RG ffo
A2 BE PRI AT o 24 RAPRT - B AT FRMI R AR
Mt B g RERER AP B BN 2 P R2f RPN 4 it (BECCS 4
RAPRZZB )R RATF RSB E W R 2 R A A E
fRLBL AR AT o

40
354 BECCS DAC ‘
. t -
3.0 1 . 720 T“C‘ 300 requirements
300w (Mha per yr)
2 1000
S 257
82> AR -
E ®
o9 204
ogT <
=9 600
80
§9 = Relative < 400
j?_’,- EW
104 Cost per year ks . _-
/) <t
(). CC o
Biochar sSCS
0 T T T T T T T
-200 -100 0 100 200
Produced Energy Required
(EJ per yr)

FAL KR [20]

VRS g el R E R B ﬁ/ﬁﬁiﬁﬁ“ﬂ Al N 2
FobE R o AR

AP RT H A EAEEE L G R R S R IR R R R
iﬁﬁﬂmg*[N]E@Qﬁi%ﬁﬁ%*iﬁﬁﬁﬁiﬁi B % # 1(CHs
CO2 2 NyO) #%2r 13 plifez 2588 FI4 F R¥ER 35 B 7 B4
% B F > 2 >rkeg it BH (Net Global Warming Potential ) f%_ 3.61 Mg-COx/ha *
%3032 Mg—COz/ha o Woolf % 4 [22] 4*%td 2 F R ~ B2 128 B T8l 2 0
AR B EFFRC ORI LA RRFR (R ) A
*%ﬂ—pﬁnﬁf’%%%Nh@& R S SR L TR AN
e som A p R Y A H/Cog bt BIART 5 2 5 R P R T 4 €M H 4 0 B
LAY S A RBET Mo B RTTIOR CK I MERAEET P AL
WA - FEL S BFIRDR T E S 63%~82% > B A P 0w N 3 Ay
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LA BRI E BT BT &
FRCEA [22] -
1.0 1 1
0.8 4 |
E 0.5 1
5 |
L 044 = ¢ °
] . g
0.2 Foorm=0.28+8.560-04T |
% LR* =013 | p < 0.004
0.01° = L

]
=
1]

-
= =
B
- "
]

o I -

+a R

2202390

ﬂ.."._ S,
Foam=1.04-0.635(H[ Cypl .
A?=033,p<0001 _*° ;

400 500 600 700 800
Temperature {UG}
FA dR 0 [22]

UEEE YL

CROEE: Sl A1
N L
=
-~p

%@T ¢£ﬁ%9

NER ) ER

% 3

B

Unknown 0.0 02 04 06 0.8

SRR 7 B

F,eem as function of pyrolysis temperature

1.0
H/Corq (mol/mol)

24 iJ f28 & ~ HiCorg B 7

op T =

mt A 2 #ik (Permanence Coefficients ) ¥+3t 3 3§ B & pF |
Z # TR R (149°C) * » j’ﬁ 63~82% 2_#
h 4 j;g ¥ o

4 # (Permanence Coefficients ) ¥3% 1 38 B &2 p5 [ 2 58

soil temperature (°C) time (years) low

5.0 100 0.84 (0.037)
10.0 100 0.72 (0.042)
15.0 100 0.63 (0.045)
20.0 100 0.57 (0.047)
25.0 100 0.54 (0.049)
109 100 0.7 (0.042)

14.9 100 0.63 (0.045)
5.0 500 0.55 (0.048)
10.0 500 0.3 (0.052)

15.0 500 0.19 (0.05)

20.0 500 0.15 (0.049)
25.0 500 0.13 (0.049)
10.9 500 0.27 (0.052)
14.9 500 0.19 (0.05)

5.0 1000 0.35 (0.051)
10.0 1000 0.14 (0.049)
15.0 1000 0.083 (0.048)
20.0 1000 0.066 (0.047)
25.0 1000 0.06 (0.047)
10.9 1000 0.12 (0.049)
14.9 1000 0.084 (0.048)

FH kR [22]

-

#g 23+ > Chiquier & 4 [23] M= &
EREFAT O RBA PR

22

FEPHR T E

medium

0.89 (0.018)
0.79 (0.026)
0.71 (0.03)
0.67 (0.032)
0.64 (0.033)
0.77 (0.027)
0.71 (0.03)
0.66 (0.032)
0.44 (0.035)
0.32 (0.033)
0.26 (0.031)
0.23 (0.03)
041 (0.035
0.32 (0.033
0.49 (0.034
025 (0.031
0.16 (0.026
0.12 (0.023
0.1 (0.021)
0.23 (0.03)
0.16 (0.026)

e “,ﬁ% ( Carbon Dioxide Removal, CDR )
FigE

E

SRR 212

’ /{‘UP’L:’*

R?
0.31
0.33
0.32
0.31
0.30
0.33
0.32
0.30
0.23
0.17
0.13
0.12
0.21
0.17
0.24
0.13
0.07
0.04
0.03
0.12

H/ C°Irg regression coeflicients
high Che my,
0.94 (0.0086) 1.13 —0.46
0.88 (0.019) 110 —0.59
0.82 (0.028) 1.04 —0.64
0.79 (0.033) 1.01 —0.65
0.76 (0.037) 0.98 —0.66
0.87 (0.021) 1.09 —0.60
0.82 (0.028) 1.04 —0.64
0.78 (0.037) 0.99 —0.65
0.57 (0.061) 0.74 —0.60
0.44 (0.071) 0.57 —0.49
0.37 (0.074) 0.48 —0.43
0.34 (0.075) 0.43 —0.39
0.54 (0.064) 0.71 —0.58
044 (0.071) 0.57 —0.50
0.63 (0.058) 0.80 —0.62
0.37 (0.075) 0.47 —0.42
0.25 (0.073) 0.30 —-0.27
0.2 (0.069) 0.23 —0.21
0.17 (0.066) 0.20 —0.17
0.34 (0.075) 0.43 —0.38
0.25 (0.073) 0.30 —0.28

Rt A g R

0.07

0:

Q.
9.3
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Processing

Transport & Pelleting

Biomass Cultivation (~25/100 km)

& Harvest

TR kR [23] -

Blt- ~2F Rz aihE- 3

3 v p3 ",f P s B— re
R fopt R Bt Y PR G

é‘
o3
&
)
4e
(.
b
<+
o
—
N
Rt
Iﬁ
2
¥

T E-F L3 IwoF B
A A AR REALE - §

B pERF o0 2023£97

’ gi—-li\f'}%‘]i - t:"i’/" °

co,

it
—s

Transport
{~ 100 km)

Biochar
—ml

Syngas &
Bio-ail

|

Pyrolysis unit

Application on
soil

e 4 4

;aiﬁﬂ—§&@£¢:w~w%m;
R 5 -3%~5% (e 4 2 9 ) ik
%7 B [23]

T 2,0, .
o~ R AR "$ (CDR) BjEz k& v i
CDR CO, removal efficiency Timing Permanence
pathway Over 100 years Over 1000 vears (Is CDR efficient? Why?) (Is CDR immediate? If not, why?) (Is CDR permanent? If not, why?)
AR 63-99% 31-95% Very high Decades Very low
Forest establishment & manage- Forest growth takes time Owing to the risk of natural dis-
ment has a negligible impact on turbances, such as wildfires or
CDR efficiency weather events
BECCS 52-87% 78-87% Moderate to high Immediate to decades High/very high
Biomass supply chain emissions (I)LUC change effects Permanent CO; storage in geolo-
gical reservoirs
Biochar 20-39% 3 to 5% Low Immediate Low/very low
Pyrolysis (conditions with low The carbon of biochar is relatively Decay rate of biochar reduces
biochar yield), biomass supply stable and sequestered in soil stored carbon over time
chain emissions
DACCS® —5 to 90% 5 to 90% Moderate to high Immediate Very high
(92-100%) (92-100%) CO, intensity of the energy CO, capture from the air/ocean  Permanent CO, storage in geolo-
consumed gical reservoirs
EW 17-92% 51-92% Moderate to high Immediate to decades High/very high

Rock supply chain emissions

AL KRR [23] -

Carbonation rate (residence time) Chemical reactions permanently
store carbon in rock minerals

B+ - & A B (Sankey Diagram) % 3> {302 5 47 B a2 $ F i

ERER L o

2. COy 2 K,% LK o1l

et 4o 2 RS e 4 16.0%;
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G 2202397 5p T = 03:37

AP R E MR TS REE 2 e R T TR
@R RITHRES PR 2 R ",, P8 27.5%;: @& * B ¥ F4F Jh( Agricultural

Residues ) e # % 2 A 5 22 % 5 33.0% ; @ * Z+Hf4 Tk (Forestry
Residues ) &4 3 & 2_ Z s # "ﬁ% % 3‘ 4 38.5% o

Wwe & c?;::mls:n Biomass Biomass Slow Biochar  Biochar Non-Stable CB:zma:s lomass Biomass Slow Biochar  Biochar Non-Stable

IWC L vest Transport Processing ?yrolysls Transport Application  Biochar &"'H i e";:‘ Transport Processing Pyrolysis Transport Application Biochar

11.5% 4.2% 1.4% 0.3% 51.7 0.7% 0.2% 14.1% 46':9'6 L4% 0.3% 51.7% 0.7% 0.2% 14.1%
FN _~

-~ N o~

Energy-dedicated crop (Miscant CDR efficiency 27.

Energy-dedicated crop (Miscanthus) 2 offic VPG,
Cropland, UK CDR efficiency 16.0% Marginal Agri al Land (MA
Biomass 9
P Slow Blochar  Biochar  Non-Stable Biomass  Biomass Slow Biochar  Biochar Non-Stable
& H t Transpon Processing Pyrolysis Transport Application  Biochar Harvest* Transport Pyrolysis Transport Application Biochar
o 14%  02% 472%  06%  0.2% 15.4% 1.7% 1.5% 399%  07%  0.2%  17.6%
a a F'S N 'S

CDR efficiency 33.0% CDR efficiency 38

Agricultural residues (Wheat straw) Forestry r

Cropland, UK Forest, UK

* N,0 (and CO,,,) emissions associated additional application of * Harvest of the i the g of forestry
into chips, which usually occurs at the forest slr.e

fertilizer due to the removal of wheat straw.

PR KRR (23]
Blt- AR AFRH A RHUNL S F{od 2 2 COz—i"%i‘ii‘?" (& F
5 )

24
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kERBHPER IR E /B

BﬁNW%W’rﬁ£ﬂ4%€$%%ﬁff&%Ji Wy
IR TR $w\@%4ﬁaﬁ4rapa$£’%§§%

B R e A %W’Uﬁﬁé,%ﬁ%whaﬂﬁ;k%’ﬁ*f*%ﬁﬁ
* £4

B

2
Wik T ’@ﬂi%@iﬁf%TL’uﬁﬁ dokEEP 2 R o X
BA g EBHTER L o pEE A HE TSR '9’i%¢.h R A REGE
i%%“éb'#’ﬂ’a)%{f [24] o 14 k5% TE L 3 ¢ Ef_.%f” TR ABMPAY 0 e
EERAT N & féf@ SRSB4 E B TRIRIER AL R

FAEBRT 4L [25-28] ¢
321 KGR TS

"ok (Hydrogel ) £ 3 24F2 Mok 2 B 5 AR Mg it 4 o
%q,Lﬂl%a—gﬁg%,rﬂﬁh,ﬂP/Eﬂ"*f’?’:bﬁué'*J\ G A G 2 R LA
R T T 11 ST LTI IR TR Y ¢$§ *
M F st & (54 2 OH~ —CONH » —CONH: ~ —COOH % ) » 4B+ = #r7
Fl kRGBT B p Pl RER 2 KRR [29]0 9 2 H bR SR
UL FAPF R R AR 2 BRI KR R H R A ARBAEE 0 ¢ 4
Bn BTSRRI 2 ECH R [30] > 1R R 2 T UM ok [31] % o

\n

A-%

(A) c':ﬁ;ﬁ:‘:fc?a?::en Hydrophilic chains with (8)
I
carboxy ate groups [RESPONS'VE]
Z AN
\ Physical Stimuli Chemical Stimuli
/ Temperature lonic Strength

Electric Field pH

Magnetic Field Solvent composition
Light Molecular Species

4 Pressure
* ) \ Sound

N
Sodium counterions

(C)

Instabilities

Time/Fluid Exposure

v

T kR L [32]

25



LR 2023492 5p T =

SRR PR R R E B R R R TR

Vanashi % 4 [33] @& * NN-Z; @ &L fF g prie ( Methylenebisacrylamide » f§
# MBA) iF 5 % 23] (Crosslinker ) 22 APS 1% 5 33 #| (Initiator ) » 35 i 4 # APS
AR AT ) RAEBERE o A2 B ERFMBY 2 pd Ko BB
FRve~ B FRpA PR S F b0 A KGR A & o

#FEHE (Chitosan) ™ 5 ¥ LA KRB > Bi-EF P 4 H7 A fa2
BE i %d 5 4§ 58 (poly(B-1-4)-2-amino-2-deoxy-D-glucopyranose ) = >
A3 5 161.16g/mol » d 7 % (Chitin) S5 e failt (t% > d S HEME $ 1%
eng Aferg iR i oIt FUt v H - BRAF L X R A > T gd A
LB i o A E fﬁ TE o bl A B2 PVA(Chitosan-
Polyvinyl Alcohol ) = 4&ts » v & v R HE L RTEH T ¥EL }a i M
LR I AY R 4“1’5&3&%4‘3 ° § HEMNEE PVA 41 )‘Wf - P

Jﬁiﬁ M PVAWERBL IR ICHIPRET > 4 N EREEE PVA &
PVA 25 2 ch ) 4% > 2527 { § gk [34] - & F 2 ECH (Chitosan
Epichlorohydrin ) < 4&fs » # & B E M2 Mefl (-NH2) A FF ™ &k > mde 2 H g
R . Sl %0 & A

19 Yu £ 4 [35] g H MBS ECH & (H & im Rt e 5
ARG L 52 NH  SE#T 7% {5 ClOs» ado i3k (Fix 2 T ClOy
2B A3 HE (gma) 85 79.8mg/g; FPF > FiEE EHC 248 7 5 HkH2
g0 B4 B EHC M-k 2. (—CHy-) Fav 2 B BB BskiE: ¥ - 2 5 >
TREAG ZFFIFLRTAT A L A BEEREY Sy R Y BREE
-ECH ¢ 43 = 5 Fpe2 > 5 o

Gelling Crosslinking
ALK R L [35] e
Bl m o~ AR T A
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FZF R

ﬁ%N@hi&[%LPf’%%%%i%ﬂ4? Wt (Gl F ) 22

8 o #iE8 ECH 2 4ai8 (ARl I #7 ) 79 289 mg/g %2 1 4 44.8
mg/g > &= 5 55% o

9
8 e
7 4
10
~ 6 8 4
;‘t 5 4 _.3 6 4
~ E 4 4
o 49 &
2 4
3
0 T T T T T
) 0 2 Rl 6 8 10 12
"2 (min)
I-
O T T T T
0 20 40 60 80 100

Time (min)

ALK R L [36] -
Bl 7 ~ SEHE-ECH $H L cho v & 22 PR 2 B 14

322 KA R T RETIET &R

kKRB R EE & s E % a2 a4 b o
BT T éfcb“,ﬁt‘rgg_—liﬁé T4 4 8 eh -if%}‘ﬁ?k IRFA AT
A (Pdefp A2 A ) £ B F o+ A RIARRBAL FF L
£ méfy:iwvﬂfr’ G T A 2 F AR S BT XSG M O[37]
Zhou % % [28] #HiEA {72 ¥ £ £ (Cd~Cu~Pd~Zn) % &z 7 kA& (&
ok B BREF P EEAALE ) BRSBTS 2 g
QW@’?iﬁ%ﬁ Zﬂw%¢?7$«ﬁ AL £ DAL 2
$o reibg 2 ¥ § 1 fi (Oxidizable State) % #% 7% fi (Residual State) ; I ¥ >
ﬁg%»@@%ﬁﬁ,ﬁw$ﬁ%?¢ﬁ@@ﬁ%%£ﬁ%ééﬁ%&ﬁiiﬁ
B4 W RIS L LU KR T B B 2 G SR TAT A
Bt BT R LSRR R GRrR L S TR )RR AR B
Ep2 N R A A Y AR A LB R F i e
REAIEP L LB B - B BHELHE

e LH

Ed

7
-~
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Fidp R 2023892 5p T = 03:37

A3 ROKAT B HETR R BT £ B R RR L HoGER

Attenuation mechanism of biclogical toxicity

(i) Adsorption
Rz +M2* — R---M

(ii) lon exchange

2ROH + M2* — (RO),M + 2H*
(iii) Complexation
LR-g-PAA/MMT/Urea application 2R—OH+ M?* — — OM* + H*
’ 2R—COOH + M?* — — COOM* +H*
Promotion of pH, SOC and CEC in soil

4R—NH, + M2* — — (NH,)M2*

TR kR (28] -
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LigpE R 0202390 5p = 03:37

LR

B‘—?«E&]’Mﬂi‘fﬁ@")%éﬁ B el T3 %d it a2 &1 8
oA o ABIIE Y BRGS0 B R b4e  Zhang ¥ 4 [38] B & 2 4 R g KGR
ﬁﬂﬂﬁﬁi#hﬁﬁ%fgﬁﬁéi%ﬁiﬂ;ﬁﬁ@%?m%4 §opcd de
HiExed o gEKASEETHRF (B2AP S HRE TR KL {2 RE L
BRA cB- AR IHFL L IEF T (de i Fe § 0~ At B F
i>@?pHEﬂ$’éa&ﬁiﬁﬂéﬁﬁawﬁmw%i%%#%ao yeh s
EH2 AT AL As (1) §F 23 P2 As (V) @ ® Cr (VD) & &
%VCr(III)’ﬂtbﬁéﬁg—jﬁ%F*ﬂlji Mo TAETF R ED o

Qin % 4 [39] 4I* ZnCl %% 3
EE R ERT T R T
Hbe 59 22% > THoE H R H 4o— 1
FOT TG EHR A 95% o

( 3—-&(’%}—1- = ¥y ) /9\ .4E+J A /%
ST 21 R AR TS }fgﬁ HuE
5 # ﬂ-byj\ﬁﬂ,}mi ig—if,i’J\;E 3, #B

—\
LS

\4—- )\-
< %‘7‘3‘3 ®

N

d\\ ‘m

=
ok

g
2
z
i
<
3

?}ﬂ‘iii’ci}%l![w]o
Bl-- = v (A) Rifde s k@o s Hte g kien ] 418 13 12
*:(B)iﬁ%%1’$21%ﬁ+$ﬁ%@,(C)ﬁﬁﬁﬁ&*éﬂ¥1
2 8 X evE Y Lbﬁigl (D) 7‘7’|§4\f’l<?}i’93/} ; (E) ;fF—sc H O L) W (F) _:‘@_
HRT #0537 i S B
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PR BAR E AR T R SRR R L TR

MtAR & M2 e AT SEEHESTRT ¥ LV EEH
LR TR AT o FARFZ AP REEE o T BRES
PR B o F kAL T 10%R] 2 WE R S FEA <3 10% 0 PR F 3
T XA E R R R S PRI 2 WRRFL o FEA ] 10% 0 B R
WER L FFL A 10% MEEST AL G2 /MG F 5% 24
P ME M EHP AR RIB L AR IR L F Y L

4
P

>

ks

i
IS

B BELAFEHAEr 2182 (BAcd T TR KA E S “%rf ) e
S| #F—% o B/MH |
o £ 5
v
=k o BB e
R X B A& MR
v
$==% O &/mim [
BB 1 %
v
%k J &K Wt
ok 1 ' M
v
# AR | &/ ]
HoE N1 ' SR

TR kR ARG -
B+~ A S R A E R HF AR

V- 20 AFEHPL R RER 2R gk a B ERGFTH G 2
iR ‘@W L LB R - RAL o WS R TGS 0 B
FEEBZAFEMHED > U B oRGR 0 BN (80°C) e gpts
¥-AF & o "I,é_ & 50mL > kA % 0.0l mol/L z EDTA ( Ethylenediamine
Tetraacetic Acid Disodium Salt ) % e o T BN (180rpm 0 12 /) FF ) 1 iE
WL e THAS C RRPNEFLELERRAR AT EE BT TF (%) 8
e (1) #97 ¢

9 % (%) = Mde (1)

ad

HY s mae B mag &~ B 5 RIS BRI ARE EHIER o
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Fidp R 2023892 5p T = 03:37

FZF Y RET

ﬁf%?}%j@é ?}E\l A éﬁﬁi )\i i*,, «u’ IJIJ‘&\’.": 5 * Eq’f}:i‘ E%‘/%/%
K2 A g RN A B dEE ”ﬁ’37}@‘5‘%%%5,@4"mj-lirii#%’%ﬁé_ﬂ
( Biomass Exportation ) ~ ;% 41 (Leaching) % ¥ % -k /& (Surface Water Runoff)
—?;— - ;\ o
Yang % 4 [40] Ap s W2 AEELERIMKRRAAT Y Aae G U E2
E A KR du Eg B (Landscape) i /i: Flt o R P REELEA LR R
( Pollution Landscapes ) ~ l?@ﬁs:]rl"-/{;“_bh’ PEXWMELEEG > THAEPELEER
f’aﬁ’i%@iiWT°9ﬁA%§m ARAFRRZ2 BB L A AR AR
BORAPMAE  JLR AAFRRT F BRI EFNLN RN B od RER WAL
g;@*ﬁ 4%%W5¥ﬁmiﬁ§%ﬁ4’$ﬁﬁ4i§ H 3 RERER T
Ak Bk S 2 MR RAHE o 2T R £§@ﬁ$1 F ez o o
éﬁﬁf&ﬁﬁm”4%ﬂﬁﬁ%k§ 1 T pl4et 4 Y F #ak(SOC)
ERELERAFSF RN
Source Iandscape
q: diffuse from source landscape to soil
Mines with different scales andoretypes ptor through atmospheric deposition
(Qasi) and surface runoff (Q,;):
A W
\_ Smelters with different scales and products ) Atmospheric Surface
deposition runoff
Factors
(" Soil recept :::r:ptor landscap W % Wind frequency and force
Receptor properties x T . i ol Source
”I‘ Soil thickness ({f;ﬁ IEaIndscapedaf:Z receptor
Soil organic carbon
& S KK'R ?el:::tl:: from source landscape aj
-‘- E;rz:lrm:n?o? r;c;pto;- p;;e;ie-s ; ;b- =
\” (GWR (x)) )

FAL %R Yang, Yang [40] -
B4~ FEAH# R BRI e I LR G mRARER

Huang % 4+ [41] #¥- AL 4B ER (¢ As~Cr~Cu~Hg Ni~Pb {r
meaﬁ1wnﬁagigﬁf9$wwwéwNmmmym4@&4pa;%p e
EEBAABRARE AR Y P RFER L AARE FF ::ﬁp%
FlF ot - fA A 5 FF o % = g st 2 (Geodetector Statistical Method)
EEBAAMIBET Y o2 fap AT F R 2 pH B2 1‘}5’?(501\/{)‘
B+ #2328 (CEC) )3/ B A » o LA ST F o35 B BgR
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bR 202390 5p T 5 (3

2P RORBAF E AT RTLRE EHAHRREL FTR

7 pE3t( DR )~ }b?)i(RND) 25T 2 FEY(DE )~ 1 frie &% A (FND)-
Ba (FL)~ &+ (FE)~ %3 (GL)-- k% (WBs) 2% * 3 (BL) frai=s
1-3(PC1-PC3) - Rypt € £ BERMBIE,4r > S5 ML IE Cr~ Cu & Ni
ERESEREFM PObE Zn kR E S EREFNM AsE CulkR R BT
M@ Hgerorg B £ 2 B2 ApMEL e RIS - ¥ - 25 > A- a1 QL4
BER Y AR TS 2. g itk T (g-statistic )0 2t R P T £ R IRE TS 02
BEEBAMFIMIE > BEARS N A MBPARS > AR T HREN LB &
¥’w%:%h* B Ed (DR) #0242 B2 227 3 AMIBIE (¢
=0.138) -

ERBEIIGHNIMEERERRBML TR (¢ B R D)

Influencing factor As Cr Cu Hg Ni Pb Zn P,

SOM 0.052 - - 0.228 0.083 -
CEC 0.035 0.058 0.041 - - - 0.034
DEM - - 0l065 - - 0.072 - -
DR - - 0.138 - - - - -
RND - 0049 0.11 - - - - -
DF 004 - 0.088 - - 005 - ~
FL-400m - - - - - 0.102 - -
FL-600m 0111 - - - - - - -
FE-400m - 0.105 - - - - - -
FE-600m - 0097 - - - - - -
FE-800m - - 0.155 - - ~ - ~
FE-1000m - - 0.123 - - - ~ -
GL-600m - - - - - 0111 - -
F1-200m - 0062 - - - - - 0.071
F1-400m 0.051 0.063 - - - 0.056 - -
F1-600m - - - - - 0.048 - -
F1-800m - 0.046 - - - 0.077 - 0.053
F2-200m - - - - - - 0.052 0.051
F2-600m 0.091 - - - - - - -
F2-800m - - - - 0.049
F2-1000m - 0.039

74 kR : Huang, Xiao [41] -
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R B 5% Ta] A B AR SR B R B R L A2

© RFREEMETRCHAER (FRLH S RER)
s HHFEMSEE SRR (R ESBFERR)
© ROTBIRR st Aa M A (BEsUE s b Ao RERAR )
* B AER R EZRBTH T E (RETALERS)
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o HEHCE T A © ERRBEAT
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LR 0202392 5p T = 03:37

AP R KREAT £ AR Y B E A B R AL TR
42 R AR L RORGIBA & P

AR EFIRT A S R e B AT B A PR R
A FAeRl S - A o AP R RA TR - AdRiE 22 A
Fom hd LT 63 AALE AP FALH ISR pHE A 2 E
FiF v (C/NRatio) 2 46 2 fadc (23 HABPH) SF e rsir
YO fRH AR o

Pyrolysis (Batch)

400°C

90 min %;

VGl

150kg 45kg
) pyrolysis time
rice husk preheating for 90 min biochar
0.58m3
72000 btu/hr

T kR AmBEU-
Bl - ~ 2T Afesd F RUE A

FIRLEAFERE O &é*f@bﬁﬁﬁ@#f-’ﬂ%-ﬁgﬁﬂ(ﬁﬁ
LS 42 ) LR D R R (8 B
FacE (s o BN (80°C); 2 (242 =Aé@mswz%é»%#ﬁyﬁég@o
WEtr Y B E 2% (viv) B L § F EREBRE e BRE R 2R
RETS R N Y e h W RJRIE 2 A P R IR (30 A 4E) TR G353 K
LR E S g (60°C) T i fEAT (EREEE IS A REBEBFEA S
Pl A IS EREF o BmF L e r AYRARREF B BRX TR 60°C
TR BpRE S RA LR

Aok 60°C

£ KRB
HEHH

T KR A B
B =

\—mv
ﬁ

SO AFE RG-S b A MR T2 R
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AL ERERRAN T FIERT 8RS G ET v pd ER e (e
Blo =97 ) * MR FEAFEAR LY R -REF BELE  nEF
o fret il e (L pHE 6-7) ¥ ETHEFHE- | FoFRLFFRFL
TE WP RCRGURAR & HOR o AR SRR H L R 2 2 Sk
L el o £ BN (80 TC) 0 MR T A g UK GURAR & MRS
B BT AP M R

100

80 4

% Decomposition of APS

FoR kiR : [42] -

Flo =~ 2 @ FEMMEASTT REAT S8 RS 1 20% (W) BRI
22 50 (viv) Ffr;ﬂ]‘ 4e
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4#")5’[\ k3 ;?;Eé\"hl‘},y-\ iﬁ_ﬁ‘___ bt’igﬁ5$g}l\17g7§‘ FE
43 K E AP RS TE 2 HPE Ty it
zkxz:r;‘iéuu"rj'% e x5 * iﬁé)i (Wt.%) A F ROKERAE S MR AR d
; i@%ﬁﬁﬁﬂf-¢&«a
it PE’)»/? 4' ﬁi‘ﬂé%—»? f%‘:" TR AT e i 7o RA R (Rdp )t i
B G AL e IR S e d - AT o

_{

?\,,\\j\piﬁ';ﬁé{, (AP ZE R FT AL E) RD)

B 5% ey TERBER | RHREY %5 i
Kiawe (RAp) 200 mg/L 12h 30°C -kip 8 -
B L5 A b hets 24 h FREIE | R4k 50mL

Bor R 04 2 A PRI > &% BB 2 g AR A ] 5 200 2 500 mg/kg o

43.1 kiar Grips') %

L ROKREHET F3 200 £ B AR AR 5T BERAE
Gt 2B ABHER AT RAEEE EHKBR (&) #F% T ERY
Yool Bpe gliE 2 £ &R0 200 mL AR ¢ 0 4o 0 300 mg 2 KR

\\‘.
%+ N

Ao #E 12 P pFEEE 10mL BREFE £HER ST (ICP-OES) - 4 4 -k
AR By £ o0 et (2) T
(Co — CHV
Qt=0—t (2)
m

He s AL &R 24 40kR (mgl) CEE £ B3I vy 12 P2
kR (mg/L)> VAZZMA (L) mA2s4hed FR-AE%2 €8 (mg)-e

432 X5 %3 3 HEIE%

éiﬁgﬁ‘“’—‘*i@ﬁiéiﬁ“ » AT B L3 00 F 00 £ 000 ¥ B
S0l 2 F X734 23 (LB NFEHFTL5L) BTG FoRl- -+
T e ARG ML FAIEEN RN I KETNY A FAF LR ERE (0%
5%~ 10%) > UTERREE S N BIEERY SOmL 4 r 28 > T Y 240 E
FE gL o ST GRS B R R R G B SRS E A B >
FiTHA Yt eFE A BERA T -
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g pER o 202390 5p T = 03:37

Blotwe s A2234@% 533 3 00F% OO KLHEBEER-ERBZEARY

24 v 03 OO0 % S0l 234 B3 2 2 Fn T

B | Ry B & 2EF4$ (XRF £ 47) S
4 © 2623-2898 mg/kg;
L N [ 1T JE ge (X): 167XXX,
B &5 1 1641-1655 mg/kg;
00 % o (Y): 2536XXX

# © 25900-26300 mg/kg
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A AR B HR R R B & R R R 2 R

433 3% B AR AR D]

R S TR N EE LSRR P R L L ¥y
XRF 445 > fﬁpaﬁf@]%iii—iﬁﬁti?’ Gldo: TR -pH E -5 BR T =2

FRZZTSTHRSE BRI ERAFF 4°C kP od 301 g

LB GLIRRRERA AT RFIRFRTE AL - L RPA

E Mfrﬁﬁwi o T & & BHkip > %20 (NIEAM103.02C) | it

fFoxaE = 2 L9 %% A~ QA/QC #1 & - 4p b #icdy #-1% % PARCC /& R|( Precision,

Accuracy, Representativeness, Completeness, and Comparability ) & - & 3= @ $k ~

FEZEF M Aot AL 6] BBIRRF 22 NIEASI02.63B = i % (7

B r,,,\ T # e (Stratified Sampling) ;> #3% & % F 4 = 4 BIBF | & F &7

Bl 8RR AP R A P ETIOE ERAS GERE R RS LT A

I

TR kR ARG -
%)

434 i1 R TR

ArFm AT EHAMRLE A2 Y R EH I E - F i“ﬁ%{:}ﬁ%’x%i%éﬁif ' A
W44 P %5 et (Total Organic Carbon > f§ £ TOC) 7 i 74~ 47 > 3+
TR T ERREPE P E O AT

B

Csoil+biochar - Csoil x Mbiochar % 100 (3)

BEE (%) =

Cbiomass Mbiomass

#2eo soil+biochar * Csoila Cbiomass’%\ 5| s 2 ;[3%’"75 E ’17/’}&( 2 ;[3%’ N '17/' %Fr (4 'ﬁ”
)Hi}%'#i) 2 EF\,/‘{.\ Mblochar Mblomassl” Fj' F-‘ 4 47”5}[\"’% 4 47'%& ._ E ° LLE'H\Z L
k> f7#-i% * L% & 17 (Elemental Analysis ) & # & {7 o

38



Fr i oYy EEER
4.4 FA7s il frad 2 TR

AV REHFRTF S A REEFTETEECA &4 T2 SR
B~ 47 5 w4’mﬁwwﬁ+#aﬁ#ﬁw FATE & B eag &R 2 4
FREEE G R R TR AR o P AT

441 TR G

A Sl o s (RENEE RS 3 EEE SRS & £ stk
L e LY £ ARBTRTGHST AL (4)
dM

E = Zmin - Zmout - n.laccum (4)

ﬂ“’M%ﬁfi:‘t?\if” £ % E(mg/em?® )t G PR (% 2 s 2 OHER day )>

m i FE (mg/cm3/day)’T%$1n REFEEFI 2RE sout REAFE &P
A28~ % accum R A £ £ % R T e % Maeeym <30 0 F (2 E) A& 4
B2 Leh %%&ﬁ%,ﬁa’smwmwwﬁo%<ﬁa%@%iﬁﬂﬁz
BER RS o

1 40 3% R
(mygy)
Y- V) .
I |
1
TR — *iiﬁ#t;k
(my,) : " (my,,)
3 |
i I
A1 !
%1 J
# 1 l !
I e e e e —— et
4 W B -K BRI TIRBM - R
% Kt~ B A (Myecam) (Myecum)

TR kR ARG -
NS VE R Ak W2 L B o N

4.4.2 & 4 2 7]

Mt 4 B AFT g @+ (2 - ¢ (Pseudo-First-Order ) & % = 1 (Pseudo-
Second-Order ) #5 # 4] > * kit € £ B3 2 MY G HITL (FE 88 F o 2
- EE e B AR R - - 1R B R
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SRR BRI B E £ B R R L R
HABF B ERRF AL - F RFERST AR NS Jﬁﬂ%&i%ﬁl
fet Pl AR R e AR
In(Q. — Q) =InQ, — K4t (5)
(=g 7@5—”‘3’] PIF * Ry ? ARG E & /Had 4 4] Hmpd 4
t 1 t
_=—2_|__
Qt KZQe Qe
Q. (mmolg™!) %7 T € 4 't ® > Q, (mmolg!) %7 tt PP
2 £ A BER oKy (min!) 2 K, (gmmol 'min!) & W& 7 % - pEr ik o opp

£
2/ SRR
443 F S A

A3+ 3 @ % Langmuir ¥ Freundlich % 8 ex 5073 o 325 145 & 4L 2 4p
#.4 B 5 o Langmuir & Freundlich % s ' e d] ¥ 48 % hdp it 2RS4

#H ¢ Langmuir $-3] 40 4 7 -

KL Qmax Ce

—_~—cmax-e 7
@ 1+K,C, (7)
P Quaxy (mmolg™) % & AwtE » €, (mmolL™) 5 i Bl gL §mpFi3 iR
peE £HER 0 Q. (mmol g!') h i R T gEpE et E 0 K (g mmol ™)
% Langmuir »= " ¥ #c o

Freundlich % 8 &' |40 ™ £ 77 ¢

Q. = K;Cl (8)

B¢ oo Ky (mmol g') 541t d dic » ugg g Ha v i A X g o In
(0~1) 5 F Jow g Hl 2 s ag B o

BN AE E Al 4 F Sl F# 27p d i (Gibbs freeenergy ) sc% v d T

AG = AH — TAS = —RTInK, (9)
He SREMEFAMFB T(K) 28HEA KpsF RTgrds d 7028
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>
-~

=
e

Y B EAR

Q.
K, =—-< 10
b= (10)
BB ALY o FF AT D e RE § ¥20% (AHo kImol!) 2 it £ &
,}}’_}i{r’J%‘(AS’Jmol_lK_l)@fo%Lé‘r_fﬁ"'ﬂ [ F;iu;\-—k iﬁTj‘i@]'J%y? fgi\:(ll)°
Tt oo % InKp 22 1T TRl > 7 d B A S B R5EE @ AH 22 AS -

=——— (11)
InK 7 RT

444 BT EI85 Y RO (TR e

A H AR ERTAL ( ;}\—"i*"f‘i\\7 PR A H) e E 4 B
BSEEM R ET A ¢ dai BAcs R A 45 (EDX) & = # #4E i o
ﬁ@*“4FmU‘X%ﬁ%a+nﬁ@»ﬁ«X%>i’uﬁ&:ﬁﬁﬁ%a
AR TRABNE AR B AUBETRFHHPRLEBE LM 2w
M S Bt s A TR B RS P RCKEB R o 2 A B AR
Woxg (FHTE APREEN R I B TR S ) B RS MG 2 RS
A R TR Y L SR S Y T LR P
AT IS EARR K 2 2 ko
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44 ROKRAE & B AR
4.5 PR ERRP
4.5.1 G4 ¥ H

AP EH ARG

+
T~

TIHE £

L e

ol Ry S e

A dHE AL (4 HE)

N

a1 iFF P

LA L

B & Ml g s

317 IR AR PRI R

i AR O A

e AR

1EIER R AW

ciEApME S Faas BN (248)
S AWML FALI MR (2L
2)

C 2 # #& )
Lo S BPRAR B~ ks b g 47
U b asgepragasns
T ek 1. 227240 E & B tidsk
Hxr 2 mREApME S FERd FHENES
3.0 A R P L F A AR
Lé%ﬁﬂﬁwwéﬁﬁ%ﬁﬁﬁ(ﬁiﬂ)
2.t A EHME AT RARE (BLE)
3¢ mARAE £ B RS (RLB)
HEAEFRE L BRP Hr o,
5.
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452 HEFRERFBP LA R AT

AFHEREYAEp 1L E 9P L pAzy 112# 8% 31 pak > ABF AR

B3R G D R TR R

1

TR > HFLIFLFBP o A3HF

WAL AP S R TR F &L FPRR L A4 R Pt £

L _ 5
Pt - AP EAFERAP S LD A
LB A4 ‘o
1 e P 3 LEE #lE | e s
M (HER &)
£ || ™
(- ) =45 S EE AN S
Ee e ey | A REER 2BF & 3.1 ~34
L P P
£
(=) B
2 AAg A M e
e PERERA s LS
% 505 25 B
=) A
EOET T st s e e
5 3 Fob i A
/‘IQ‘#EV SRS i \Y% P & a0 5.2
Ea
(e ) == . ,
, FARM S S F 2 o op 2 s
65 4 & /4 4 s o A\ FBRE a 53
] R
7 BT
F‘;:% AEREREEA | s g
£i3 4 . S =)
e S AT FEE
R %
(=) &1 |z dpdz g v ©3 112#8 % 31 pE K

RELER

AWML ER

EP AL A o
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25 RCORBAT E MBI R B E £ HEH BT HouTR

453 Bish~ ¥ %

AP FAMFAL S ERRYER WP Arh L9 7 c A FR I A
%#%ﬁx%(nlﬁ8gMB)Qﬂﬁ2EWﬂPﬁ€%¢i1%@%?%5
W TRFH LRI INH o FI L2 £ 11 P RE A o

P AP EIAMALSAFERRYER
P g/ g - e3P FIRPFR
Performance Evaluation of
B o fnvéron.. Sci.S&‘ Tech. g9m§malc(:16 Hydr.(‘zgelf— 112/11/30
. Sci. i r Composites for
SCI # 7 or Environ. Sci ochar Composite for (ieimd)
Process. Impacts) Heavy Metal Remediation in
Soils
w PAWEES B % # 3t € | Rice Husk Derived Bi.ochar 112/7/31
Pt g (112 # 10 * 23-25 | for Hydrogel Composite for (= #545)
" PEE) Soil Amendment b
112 # B B ¥1 42 | 7452 WA &
AR | Rro s ey e 12/7/15
Jup g (112# 117 P IEE E R FTE e 540)
' 10 p & 7%) H o
Y EARREL RS
B Fr="1EEE B 4 4 KA & 1 112/7/15
Fig | (112# 110 17-19 | #2202t 8 2 BB (= #4R)
PE%)
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I~ BEREG

%I i mp'ge'ﬁ?—}ﬁ
502225 R-KEBHEHPEUE
511 > F %z A% &5

LY =iy iv}:"“‘ﬁi'? KigW-2 5 RAF EHEERS s Fdcd L2 9 30 e
B X ;féﬁwu ¥l P HMBEA (AP R REMRY S 1) %EB (2
;}'rvﬁ"\. ﬁs}ﬁwtg 1:2) 25%%C (23 /- ﬂgaiﬁowéz 1)

2Lz s AP WS- P AT & M

W | e 2P R REE WAL A% s

(BC) (CTS) (AP) (AA)
A | 11 1.0¢g 10¢g 02¢g 11.2 mL
B 1:2 20¢g 10¢g 02¢g 11.2 mL
C | 2:1 05g 10g 02¢ 11.2 mL

PR R AR FRE (AR Y RS T e et 2 RS AR ) o

Mgl A FErt 5 b AR Y K- 10 g BURPER 3T 100 mL E LB R (S 0 4 »
TR FrFend RIS 16 BB RS E T 60°C 18 0 4e > 0.2 g AL 4ET
FE IS a4 g is e » 112mL [ WA T HI 21 IRIE4 P F R L Bl
S (a) T e F R A JI* T F 43 pH BER KT 5~6> T3
Wit s BT A A MR E o

L2g e

Bl= -+~ ‘ﬁl%#ﬁb%ﬂi“ B (a) AHlgHRaxE s (b) i3
= pH Bz @k A () & %ipis 2
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LR 0202392 5p T = 03:37

A AR B HR R R B & R R R 2 R

512 {5 FR T A i

AEEPAFFE R (BB AR 253 FME +25g4 b4 +1¢g
WAL pA +250mL FEALA R +28mL B AR A e g R 2 IME
FUAREHPERE) 2F 2T o N HEE L wigw R LR Y
379.10 2 5> - S Bk s itz d ok i o ERFT 393 G kv p g
89.6% ° 4f & ML E AR LT (S 4R > FHACRH L A~ AT o

i

i
i
;
?

=+~ AFg g e PR AR FET A 4T

5103 AP REAFEHFZ P4 P F A 4T

AL EE TR 22 PR B S8 025 mm 2§ e o WATUT 1S 2 AT
MR g B4 & M2 SRS d A 1 ~3mm o B & B AR A B =
19

o

2 4 R B A6 AR B S 3 R
Bl- L4 > WAREGHBEME & TR
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g pER o 202390 5p T = 03:37

$7F B2

AELAE MR A EARR T 2 YRR R (3 )

AF LR kY o B H kR pH B B 5~6 2 Y o E -4 B A 2R &
i 7+~ % 4~ 17 (Elemental Analysis) > 2 #» R 24 E A2 p 7 £ 4 WK 5 494+
0.1%% 423+0.1% B 2% (bldrd ~ 52§ 5 12) AHE%  Hrdi L

SR e a3 R A P R A AT & M2 F (C/NRatio) v+ » & %] 5 824 2 66.1 -
P Y T RLERTT

hw AP AR KRR P AT EHE (0 1) 2 23 A4E BA

*i i\ % & i -/% A'\ ﬁ :
(g/em®) C (%) H (%) 0 (%) N (%)
PR 1.82 49.42+40.05 | 1.8140.01 | 11.0940.09 | 0.60+0.01
A HR 1.48 42.31£0.09 | 5.86+0.00 | 45.67+0.00 | 0.64+0.04
"L AAF R ZEA (n=3)0

A E A B R A G B MO E B TS B (SEM)
Pz LT TR RAG 5 A TR 0 T AR S AF AR

’
‘.

10kV  X1,400 10pm 10kV  X3,500 S5um

Bzt 2P Rzl T AP (SEM) @ (2) %+ 1400 % ~ (%)
4 3500
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A RRAT E MR RS B E £ BB R FmR
52 kiR (GRAPR) B5%
5.2.1 4F 3T R IRk

AR B R OB R LS B R R SR e Y &
P2 a4 2 Hda g T e 2 2 R > % el Ak T By
Bod Bz L- PAR A 11 (%5 A) Bl Arn g 240 A 415 » 7 £
FLED] 126 mglg 0 L E 94.6%F 5 F 5 gt eh o 1/1 B Ak K 30 A ABPE T T 4B
TR s AR RO B R B 3 5 o e b 12 (M3 B) HE fvk i 240
A lS o A B TR 126 mg/g 0 11 E 94.6% 3 “ﬁE I e Nl AT R
SERFR R R e 0 T A0 A4t A AR et 2/1 (5L C) B L (A lS
A BB PEARIT R T R ¥ 6 240 A 4TSt B ad 169mg/g AR F G 52.1%:
B 25 Rt 7 oamaiiig o ot FRAE 10 mglg o 2555 7.9%

100

140 ’J,

. R e SR I= A
§ ” ’/,V" 80 //
g 100 £ AT =
> ,/ X //
E= /
g 809 b, & 60 - 77
g [ - | & 4
] " o
g 60 II /# ,/.___"' —————— //./ ///
g ’I,’\/"’. el - 11 0 / //// v
<] 457 - 21 -
[72] 40 ~
5 / —g— 12 P
< / —4A— BC Lo

20 20 ‘. 4

________ —A bv
O e i i /
0 50 100 150 200 0 " glc=ct oo
Time (min) 0 2 4 6 8 10 12 14
Bz~ - drdps s A MR B (RAEME" A B8B - &
ﬁg‘\ﬁﬁ".’ C .f’ :‘%\ 4 #”’ f‘i\‘}n B f‘f")& ]‘]’)

Mot > B RETA (R=+2) 2 pHiE (R=+=2) #i1
PIME o P 1 @ H 4o 0 & B d Bode % 670 uS/em # 4¢ F] 850~1100 pS/cm ;
pH & B di= 4.6 > B{4c 3 %) 5.2~5.7« PG HBIGFHF EHE 25 Ri5E
B 4 ME & B AR B H R A (Glhef g ) TokBRY
§RET R o LA R BB IO E £ BN T 5
F2EEF A AEF VL IFFBRE LB LB E O FHRPFIENTFLE 22LA
AN Lo St RS A
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Ji

Ji

4

1200
1100 4 e . il
S -~
£ I
S 10001 /
2 |
> | e e @@= - ———————
= 900-‘ s e
§ : ’ /W-..V,.v——---'v_“_—V“‘_ .
= -9— 11
S 800 - -8 21
== 12
. T
o _A..._A,-Ar-—A——-———A————A ———————— A ————— A
600 : : : .
0 50 100 150 200
Time (min)
L

L

ENE SN S

=

'

SRS SRR BT RAMPEEMGE (2R AN BAB.

LRGP CrERZ AP RABETRY)

6.0
5.8 -
X b ——— M —————— A
5.6' /A/\ V“\ _’_V ———————— —V"
/ 27 Ty e
x7 \¥/ v
-0 -90-——@—O——-————@————————
Jp -a— 3 -8
®
/
— @ 1:1
| -8 2:1
4.8 —g— 12
—4A— BC
4.6
0 50 100 150 200
Time (min)

EHE RS Co FAUS 24 R )

AL RS 2 fhdk YRR M A E) (ZAG A AN $MB .
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25 RORBAFEHER T RE £ HAH R EL TR

Bz te P rdZ®kf CBRT = (ORP) HpFFF 2 B (2@ - &
KA 5)~410 mV 2. ORP & » | B % e ' P ) 240 4 48P% > ORP &

%%«E
K1 %) 220~270mV * & (¥ AR ).
400
350
U
/.‘==‘, ________ ::
300 ’ // ’—‘”,,.__._
5 \ —— —
E / oY A A P
q 250 I/
14 1/ "/
° g g N e S 4
200 ll ; —V’$ fffff -
%7 il -9 11
—-@ 21
150 f .-l
—A— BC
100 . . . .
0 50 100 150 200
Time (min)

Bl=tw ~pdpFsrgidshe s PRRT HPFREMGR (2R3 A%
MBreMif> Cr ERZ AP ABEFTRG)

bt sk iEALY opH B2 ORP % # B~ 5| 5 4.6~57 2 178~413
mV;$RETR—pHB(B= L7 )7 /s F%EAY 4~ 5 2= §ar(Cu™)

NG h o XA KE o
2 ™ T T l T NIH 7 ' ¥
1r~~&&h ' CuO(er)  Cu(CHa
~ <4 Cu'.')m,‘?'
+ S
5 -
2 Luc
.-é 0 [~ —
= T~
]
o -
[+
1t
i 1
2 PR TR S Y l ST — l 4 L

0 2 4 6 8 10 12 14
PH 25-¢
FAL KR [43] -

Bl=-L7 &2 T ®&—pHRE (25°C)
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CEE

5.2.2 GLEET BN IRSR

AR MY BRI RGP SR kO B s bR 2K
PR 2 4T 2 B a2 2 R P s A kT ey
PR od B2 L= R et 1/1 (%3 A) MR i 30 4 48 pF rid 5l ex
ML T TN EPRERL AT RS 0 A 240 AR E BT N E T 979 mg/g 0 4
“,f FHE T34% >0t 12(%%5 B) MR s 7 £ 50 F PR o HIg 4r > T 240
'gﬁﬁ;&tq6oongg’-ﬂixfﬁ:é45%°ﬁo1kb2ﬂ,QﬁﬁiC)%ﬁ#-<ﬂbﬂﬁ§
k£ FNEE R ﬂ”ﬁéc C X A 15 A ABTsE S AR 0 T A 240 A4S R E B
23] 118.0 mg/g - + % F & 89.0% o H g A P AR (T e iRk > B
TERE 432mglg - 2 ‘% F 5 32.4% -

(4 \

140

120 4

100 o

80 -

60 -

Adsorption Capacity (mg/g)

40 -
20 -
il
0 L) 1 L) I
0 50 100 150 200
Time (min)
Bl= -2 s aodd s m 2 i SR BM AR (ZRARS AN 88

B~z Cr MG 2 HREEER)
MovecrtigAeY o R ELTAR (Bl=+-) 2 pHE (Rl=+~) #11 >

PISEF o P 2 0t @ 3 4o & W)l Eode * %) 250 uS/em 3 4r 3 470~770 uS/cm;
pH & Rl dde 45 H 4 3 4 5.5~7.5 ¢
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A dRRRAE SRR & B RS BT
900
800
———g——— . i A 4
E
=
(g. AP N T p——————— 7
z
s
‘6 .,_.-—--—--'-."_"_"_—.- ‘‘‘‘‘ . -.
3 -9 11
£ -@- 21
S —y— 12
° —4A— BC
A—b AA ——A ———h——————— A —A
100 150 200
Time (min)
Bl=-+- -~ &Jr&}ﬁl—:-urfpi“g’é? ??*Bi}ﬂ%?&?ﬁ% ag}( fﬁlmﬁ‘*”A“iéﬁlB‘
ERGET Cr FRG A5 R EFR)
8.0
7.5 - v/,v-—"?‘—'—-—-v_____v_ ——————— p—————— 57
/
/
. . _._.--——"—"—""_"" ________ A
- S, SR R SEsen Cmmie ) |
/,0—-&——— Ean
M —-@— 11
-®— 21
—g— 12
—A— BC
50 100 150 200
Time (min)

B= L~ 43
ZMLpe C ARG
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2 >

I x>~ BEREAR

Bl= 4P e iidk2 5 PR RT = (ORP) #HPFR 2 M 2R > %
I 1z

5 B 0 A7 X~370 mV 2. ORP & » I B % X F P Y &) 240 & 45 P% > ORP
M3 %) 210~330mV * & (A FHALFS ).
400
350
@
o -7 T
300 g 2 e ::
z \\ /’/ ‘/.__ﬁ-:-/ ——
£ . el SN —
g, 200 I
(4 ‘/ "/
° ol e Wommm——m— e
200 —V’V"’ Sne—
i —-@® 11
-& 21
150 .-
—4A— BC
100 4 . . ' '
0 50 100 150 200
Time (min)

Bl= -4 ~ 43 “}‘Kf’fféﬁ.%i? P RR TR B (2 -@\Pﬁ“ A~ %
MBrEMLif™ CrFRLIAPABEFR )

Fate s d sk A7 o pH B2 ORP & % 1 %@A\ ) ; 45~7.6 2 155~372
mV > TR —pH Bl (Ble L) 7 Fse o F S%i@4ae 404 5 200 = 4 (Pb2)
%i&¢’3%%im&ﬁ@oﬂ&’ﬁﬁﬁéﬁﬂ¢4%€£%i%%%ﬂ
BB R S Lo At R E £ 2 A RPN E £ T
IR RS T EGFERH LS GE R R E M o

Eh (Volts) Ph - H20 - Svstem at 25.00 C
2.0

PbO2

Pb(+2a) PhO

Ph

pH

FH kR ¢ [44] -
Ble -+ - 454 F2 & —pHE (25°C)
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G RRAE S MR AR T R &R R A2

523 PP EBAEE R B E fF /455 v

AEERE A S MR RRRE AR L e L B B
3 kR $OT AR A2 SR (F R Sed ) SR et LD (h
BA) BB % RETrd ST TR o BEMA CEF R SRR R A b 0 0
P AEE S 2 2K E BT AR o B REIER S %5 b0 Aulir H -
s g AR (Pt £BER S 200 mg/L) > & * A4F & Ml 2 sr &7 44
+;fﬁga;71ww-%Z%VA”iuﬁ*%%f G A5 5T R
FR UERRFEER S 1%5 bl R4 E £ BB (it £ BIER F L 200
mg/L)> i@ % AAE £ P G B A AT 4 F 5 5 5 80.2%3 87.0% rh‘“ PSR E
P R R BGELAF & PR e R Y RGOS A )i R EL R
B RBR A 1% (wt) o

LT A RBRRBE A HHI FEE BRI E R

BRPER 4o bl Bt g E-£2 R RELERFA

O N

(J) BkR | Curd % | Pb2d % | Cutd % & | Pptd 4

’ (mg/L) (%) (%) (%) (%)

1.00 200 71.1 90.2 80.2 87.0
1.25 200 52.8 95.9 53.1 69.5
1.50 200 29.3 52.6 27.6 42.8
2.00 200 40.2 31.5 - -

EAREPERAR =Y 151255 15-2%A 7% 100mL 3 [ (2%pE L) rif e R REE IR

PLOh o A E R 4§ YA JodE SRR R B K] & RE TR
;ik‘ ° |1§fﬁ";§/ﬁ:—; é IJIJ s LL ﬁf{b\ F]’aﬂ ,9 (240 /a\é'gl_) ’ 0]“4E§ i i ﬁ?‘lfi’?»*if%“,%,,gﬁ;\%‘
pH &2 ORP &2 % it tdrd L = #fx o

F L2 ,Tﬁ;_ 3OV T EAAFR T AR pH 2 ORP B2 %1t

g |74 NaOH| T ?;S)RP ﬁ"‘(gfn\%RP 3% pH
1:1 2 355 295 5.29
1:2 3 378 259 571
21 3 316 242 5.5
CEEY 7 413 291 5.70
ok % 380 355 2.99
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¥IF -

_L-ac l,}:?ajl¢/\

1:1

*

372

406

3.04

VUGRHES G ] vt e i £ (240 A 48 ) i 3 PHBETHEINIBIRER
pH &2 ORP &2 % it

N L,

oS R EF TN Bk b pH 22 ORP 2 1

gers | i NaOH * ?;\C/))RP ﬁ"f;n\c/))RP 3. % pH
11 7 325 310 5.58
1:2 7 372 216 7.62
2:1 1 361 327 5.67
WA R z 367 276 5.68
ok z 424 419 3.00
11 z 374 434 3.05

Pope o AETEE R § 4G RAFHET LY

Bl A 20% BT

7

A e F GRS % f

yA3 :

T
~91% > kr € & AREF K 87% vErEF| T

g o L ek
73% » FEded -+ A~

CERR R BT A
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