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Table 1 Elemental composition, pH and ash content of the activated biochar relative to potassium carbonate amendment rate

. B 2 R LA " .
H: W ¢ " Element content after pickling Atomic ratio after pickling Ash P
Yield
Biochar c H N 0 (0+N)  RERZE"  MsE” .
(%) H/C o/ AR Mk
(%) (%) (%) (%) /C (%) (%)
KBC-1-600  51.0 77.17 1.81 1.92 14.40 0.28 0.14 0.16 68.3 4.7 11.80 3.73
KBC-2-600  48.4 7274 2.07 1.59  18.39 0.34  0.19 0.21 80.6 5.2 11.77 3.43
KBC-4-600  31.8 80.79 2.42 0.89  13.80 0.36  0.13 0.14 48.3 2.1 11.24 3.53
BC600 45.8 73.83 2.77 2.55 16.76 0.45  0.17 0.20 48.4 4.1 10.52 4.33

H: KBC-1-600, KBC-2-600F1KBC-4-60043 3132 /R600°C F#Mf# AR H L AT « 1, 2 0 U4« 1AIGfRAEY s, BC600A il
T %3 0%=100%-C%-H%-N%—-ash% Note: KBC-1-600, KBC-2-600 and KBC-4-600 stands for activated biochar prepare
FEFFAH98; 0 h ) C-2-6 d KBC-4-6 ds f d biochar prepared

at 600°C and amended with potassium carbonate with the impregnation ratio of 1 : 1, 2 : 1 and 4 : 1,

respectively; BC600 is not

activated straw biochar; 0%=100%-C%-H%-N%-ash%; (DNot pickling; @pickling
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Fig. 1 Pore size distribution of BC600 and KBC 600
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Table 2 Specific surface area and pore size parameters of BC600 and KBC600

FEdfSample KBC-1-600 KBC-2-600 KBC-4-600 BC600
Sppr (m>g™") 516.7 566.3 541.9 86.75

Ve (mlg™) 0.345 0.353 0.339 0.079
S (m* g™") 427.0 452.9 427.1 26.37
S (m>g™) 55.36 66.31 77.93 19.99

Viers (ml ™) 0.198 0.21 0.198 0.012
Voo (ml g™") 0.13 0.12 0.124 0.03
TWAFLALBR R Micro porosity (% ) 57.39 59.49 58.41 15.19
FRFLFLER R Meso porosity (% ) 37.68 33.99 36.58 37.97
FHIFL42 Average pore diameter (nm) 9.38 7.26 6.36 3.79

TE: SperSmesd S mier A AW 5 SR TR L A AL LR AR AL R V0,

Vier VI3 B A LA TR L AL A FRALEAL

2R Note: Spprs Speo and S, stands for total specific surface area, mesopore specific surface area and micropore specific surface area

of biochar, respectively; and V..., Vi and V;for mesopore volume, micropore volume and total pore volume, respectively

Wi BB R BR A A, TE4R S8 FLAR 23 A 1Y [ Bt 365
T LB R . TEKBC600ZRFI N, X T L&/
BAFL (/NF13 nm) , KBC—-4-600F FLER 5315 i
%2 FKBC-1-600F1KBC-2-600, T4 fL4%8%: K}
(KF13 nm) , NWJEKBC-1-600 > KBC-2-600 >
KBC-4-600, X it B A 85 IR B 48 0 i, %L
AL B NI A FLEEE YA A 0k R P 4
HOmet, FEREINLAR RN FLGEE, X2
KR, BMmkIRE L, HA kot R ATE
FHMSR L, A5 AR FL AR B /N 1 A L AL BE S Ak B
A, R EBERNNILITE R, il (fL
RAE2 nm ~ 50 nm ) KX, AHFIERYAY G
B, BERnmEaE S Dt BRIR BN AL S 1R W R A
L)z, K/AMLB G, AR —FA &L
M s AT
2.3 REE REERILI I A IESFE

W R TEAL TS I FTIRIE L W B2 7, %
W T I I G BE AN R 3 TR . BT 256 em ~
3 414 em "B, BC6004S WIS 4 38 15 34 K T 7 7] —
BECTFKBC-600 241 19 W e e 7, R WIFEIX —
LRI, WA e R T E RE B A A PR 3
KBC-4-600"5BC600 M W Wi 4 BA 5 Fe A — 3,
KBC-1-600FKBC-2-60011i% K ¥ # KBC-4-600
FIBC600KE 2%, H AT 1 WL iU
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8
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Fig. 2 FTIR of BC600 and KBC600
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822 cm b HY BRI YL, X RR 22 ST REJE IS A I
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10 B R R A L B4R s, BRI
R ARG, X U I e R A A aE T IR
KW AR, 751 595 cm™ ~1 601 em™'Ab, %
A ) e A1 AR o R W W 0, b A ) R WS U SR C= A
GRFHTIRR ?L JECNT 246 em™' ~ 1 296 em™!
ik, BC600, KBC-1-600, KBC-2-600FIKBC-
4-6003 4 M e, LA C—O0—CAFEfE, MK
WS35 41 268 em™ . 1 256 em™ . 1 246 cm™' |
1269 cm™, S5{EFIS U5 b A EL 30K S0 IR AT 068 24 i)
=i, RBFKBC-1-600F1KBC-2-600%) %1 i

1 094 cm ' FI1 097 em™ A4 0% 04 149 434k
I3 SE ik AR AT RE -5 AR T R A A i 0

i LTk, BEE R A M e g s,
Yok 2 0 E e AT BRI D, g RAESRAE . &
EE B RR BRAR (I, BN T A e % 1R RE A 1 3R
TRURIRE , Wl TR AR AU AR BRI T
AT E, AEBRTE. A, LB ER AT Y
TGRS 5200 A ) e S HE R T B, X T RE 2 FRAIRAE D)
T8 T A3 T ) A W B TS e RRIR
BT 2T 2k 25 240 AR ) RO R s A ) R TR
AR 2R . BRRA 23 I 55 41 4 3R 4 T IH) 1
sk, HRMEAS KA, MIREFMET, RN
2 W BT AR B RN AR 1 S [RIVE T (i 2R A
TR ZTT I, JETT IR 2850, B = il
B SR A N R A N S A SR S T IR, T AN
Ffb2pt, WNC=C%, MEmo5 a2 . &
BRIR BT IS AL IS B0 A= By ke R B i 0 05 1k, AR A AN
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Table 3 Relative absorbance of the different peaks in FTIR spectra

FeifiSample 3414 cm™ 1 696 cm™' 1597 cm™ 1256 cm™ 1195 cm™ 1094 cm™ 883 cm™' 799 cm™
BC600 0.166 0.114 0.277 0.218 - - 0.015 0.023
KBC-1-600 0.068 - 0.164 0.171 0.165 0.154 0.028 0.033
KBC-2-600 0.090 - 0.181 0.166 0.175 0.177 0.019 0.036
KBC-4-600 0.065 0.046 0.129 0.088 - - 0.017 -

2.4 HEYIREHFEUTERME D ZERENE
BC600FKBC-4-600 1)l — g Fl — 2 5l )1 2%
BRSSO KA . s RETA, W
WIS A s S A, LA 2 B 3a T
TN P I R 4 8 IO T R R B R
MR BE, fEMM R AE 20T, 255 T 456 i et
A7 R R R, T R 32 T M B 1 A A
. T BCO0OWE B 2t 138 in & AE 7 Je I 930 min
N, MKBC-4-600% =R by, HWH &
B % K TFBC600, [HILKBC-4-6003 [ i % 1
B 15 T REZ T BC600., BCO6OOTEEE6 /N ik £ 5
i, SRR A 25.73 mg g, AR X 2R A
M 2%829.4% ., KBC—4-600 -7 15 5 -5 A1) 4k
W 1 AR B i K FBC600, FEEE9 /N HEA 34 3 F

W, TG R 55.73 mg g™t T I A R B %
i£90.2% . PV, ZRRRFRER IS 1L )5 A= ) e x 25 1 g
BiFRE T 345

P — GO K B 71 2 5 R Ry ali B
FEARREVL I ZE e A=W e LAY BopLEl, R R
TURL N HIOBE R X Bl ) 27 i B AT R A . ORI Y
PHOBE R P& 25 R AN 3b TR, M SN #
SIIN o 2840 F 16 A W e 2 11 B2 R i 9 i nT LA 4y
N ZAB B AR AT DUAR G M LA SR — RS Ry
Br, 5 =B BOWASE Az A 55— B Be ok IR
MrEe, BIAMETE T, BC600OMIKBC-4-6004) & A=
FERT10 min, WERRFEER PR, 302 B A2 0 B A= 1
WIRR WY B, A= W5 A1 3 1T 4 3% e I BRHAO7 o5 A % ol 1L
M) R R 12 PR N R O A MR K S 28
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LY, 3 SE AR ER B, TS A e
T 95 AR AL AR B 0 585 [ BN OB N B B
I B B W BT RE 5%, RNk, <k, KEHT
SN BTG PE I B S B A R R S, BT
RPN ALIE 4RI g A A R o
B BA B R 7 IR BEBC600 R HE 10 4l R
%56 /NI, KBC-4-600N5510 434p 559 /N,
KBC-4-6001 W i} 38 5 5 FRK TBC600, 33X Ui I s
T B2 B0 AT RE R I A= M) e O FLBREE PR FLE & 2y
b, 285y F 16 W me AR P It [ g, W)
F-t 38 0T A 0 i 0 PN B R TR, (A5 X 5% 114 W f

RN, X 5 e T A L AR 4 AT 1 5 SR A
[l 5 =B BERIE G By, d B SP-  BE BORE Y
PEHAEREHEANE . 585 HLEEYANE,
50 0 0 A 2 8 4l ORI R

WL LA L Hr e, ZR B0 KA Y R A F T
SIS A U O R R B 5 > A S
diSE)E, JFAR A FLALIE NP, IR ALY
P 2 TET T W B 5 214 A 3 T T R RS S B BT
iy BT RRA, WEBR BN 3B R A AR
BB, o TfLE R, KBC-4-6001) L
BB AN EL R AL B B R T BC600, X JEKBC-4-
600X 2545 T i W B ORI RN 2 — . ZBAEZ 55
B E/ N, HAkSEM R e, R Y HARREE
A W R 2R I R B 45 o R S R [RIVE FH 25 5, A
P o5 S A

#=4 BC600FIKBC-4-600R M=z hF M E S

Table 4 Parameters for fitting of naphthalene adsorption kinetics of BC600 and KBC-4-600

U —2 Bl ) A

R & DA B

‘ﬁé'ﬁ' Cy (mgL™") Pseudo first order kinetics Pseudo second order kinetics

Sample k, (h™") g. (mgg™) R? k, . (mgg') vy(mg(gh)™) R

BC600 20 5.17 24.37 0.868 0.262 25.73 173.5 0.950
KBC-4-600 20 0.981 51.93 0.876 0.027 55.73 83.86 0.935

W CoONWIRREE , g N4 — ORIl = 903 ) A BB E 0T B i, ko koo SR AU — S8 0 2 D7 B AU — G 8l ) 2%y R it
o 3 2R 5 8, voﬂﬂ%ljﬁﬁ‘WWii%, R M 250 Note: C, stands for initial concentration; ¢, for equilibrium adsorption capacity fitted

with the Pseudo-first-order and Pseudo-second-order kinetic models; k; and k, for sorption rate constant of the Pseudo-first order and

Pseudo-second-order kinetic models, respectively; v, for initial adsorption rate; and R? for coefficient of determination

=5 BC600FIKBC-4-6000% M 2589 Bk R i BB R & S 5

Table 5 Fitting parameters of particle diffusion model for naphthalene adsorption on BC600 and KBC-4-600

i

Sample Co(mgL™")  ky (mg(gh®™) ™) R ky (mg (gh") ™) R ks (mg (gh™) ™) R
BC600 20 36.30 0.971 5.503 0.963 0.108 0.013
KBC-4-600 20 50.23 1.000 13.51 0.960 0.315 —
VE: kLK ORI O RS — B BRI — W BB R AL, " FREUEAE ] Note: k,, and K, stands for the first
and second phase rate constant, respectively, of the intraparticle diffusion model; and “—" indicates that the data is not available
3 4t B o3 AT o BRIR BRI AGEE S 1 BN RFL AN FL o A

KBC 1™ 25 Hh 5% B3 B 1 B 119 b R A< AR A T [
g, BRI 1HI2 - 1IfKBC % 5 TBC,
TR 5y W, B IR B A I AN T 2B )
P, BRUEG R FRYE  BRIRHET A T AW AL

MR, R8T FLARI AT TE R . BRIERHN B9 A S
T AW BRI RE MR . B BRIR B0 S L A5 A
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Effect of Potassium Carbonate Addition Rate on Surface Characteristics of Corn
Stalk Derived Biochar

ZHU Ling WANG Yueying LU Yizhong'
( College of Resources and environment, China Agricultural University, Beijing 100193, China )

Abstract  [Objective] In recent years, biochar as an environment-friendly material has been
arousing more and more attention the world over. The use of biochar as an adsorbent has been proved to be
an effective way in managing polluted soil and water. Ordinary biochar is quite low in specific surface area
and underdeveloped in internal pore structure, which greatly affects adsorption efficiency of the biochar.
Therefore, usually biochar needs activating for higher adsorption capacity. In this study, effect of the
amendment of potassium carbonate on surface properties of biochar was studied. [Method] Activated biochar
was prepared under 600°C from corn stalk amended with potassium carbonate at a varying ratio ( stalk/
potassium carbonate in mass=1:1, 2 :1 and 4 : 1) . Potassium carbonate was prepared into solutions
according to the impregnation ratio, 0.60 mol L™', 1.2 mol L™' and 2.4 mol L™ in concentration, separately,
and added into corn stalk at a rate of 3 ml per gram of corn stalk in preparation of activated biochar. The
biochars prepared in such a way were labeled as KBC-1-600, KBC-2-600 and KBC-4-600 separately;
the biochar prepared without the amendment of potassium carbonate was labeled as BC600, non-activated
biochar. Basic properties of the biochars, BC ( corn stalk biochar ) and KBC ( potassium carbonate activated
biochar ) were characterized, with infrared spectrum, surface functional groups, specific surface area, pore
size distribution and adsorption kinetics. Naphthalene, as a typical small-sized molecule persistent pollutant

(POPs) , was selected as adsorbate to evaluate adsorption capacity of KBC and BC. Naphthalene adsorption
capacities of KBC and BC and affinities of KBC and BC to naphthalene were analyzed, and prospect of the
application of activated carbon was discussed. The pseudo first-order kinetic model, second-order kinetics
model and intraparticle diffusion model were used to analyze dynamic process of the adsorption. [Result]
With increasing potassium carbonate amendment rate, aromaticity of the biochars increased. When the
impregnation ratio was increased from 4 : 1 to 2 : 1, hydrophilicity and polarity of the biochars improved,
but when the impregnation ratio was further increased from 2 : 1 to 1 : 1, hydrophilicity and polarity of
the biochars decreased, instead. Potassium carbonate amendment increased specific surface area of the
biochards, with KBC-2-600 in particular reaching up to 566 m”> g”', whereas specific surface area of the
ordinary biochar ( BC600 ) was only 86.8 m”* g”'; The KBC600 series of biochars were significantly higher or
on average 16 and 4 times higher respectively than BC600 in mesopore volume and micropore volume, and
also higher in mesoporosity. The amendment altered the number of functional groups and their saturation on
the surface of biochar. KBC was lower than BC in total of functional groups at 1 256 ¢cm™' ~3 414 ¢cm™". With
the increasing amendment rate of potassium carbonate, the ester C=0 disappeared, reducing hydrogen bond
forming capacity, and unsaturated C—0-C increased, enhancing aromaticity and non-polarity. Alteration of
the cellulosic cleavage process caused by potassium carbonate is considered to be the main cause triggering
changes in functional groups on the surface of the biochar. Kinetic analysis shows that the adsorption of
naphthalene onto BC600 and KBC-4-600 could be described by the pseudo-second-order kinetic model. The
adsorption process involved simultaneously external surface adsorption and intraparticle diffusion; After

activation by potassium carbonate, adsorption capacity of the biochar improved significantly. The fitting
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of intraparticle diffusion model demonstrates that KBC gets more complicated in internal pore structure.
[ Conclusion)] The amendment of potassium carbonate contributes significantly to improvement of surface
active sites and pore complexity of the biochar, thus enhancing its adsorption capacity of nonpolar aromatic
pollutants. The potassium carbonate activated biochar has well-developed pore structure, and hence a great
potential to be used as highly-efficient adsorbent in remedying polluted soils in future.

Key words Biochar; Potassium carbonate; Impregnation ratio; Pore size distribution; Infrared

spectrum; Adsorption of naphthalene
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