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Migration characteristics of biochar in sand column
under the influence of interface chemistry and hydraulics

LI Xingran' GAO Peng' ZHU Yanhua® LIANG Yuan'™

(1. School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou, 215009, China;

2. Suzhou National Hi-Tech Disirict Environmental Monitoring Brigade, Suzhou, 215009, China)

Abstract; The migration characteristics ‘and driving mechanism of biochar in quartz sand column
were studied through columintleaching experiment under different ionic strength or flow rate. The
experiment results'showed that, at the last stage of the leaching process, the total mass of biochar
migration from biochar layer to” quartz sand column under the condition of high ion strength was the
largest, which was 62% higher than that of column 1 (CK). The main driving force was interface
chemistry, ‘and the high ionic strength inhibited the release of internal alkaline substances from the
biochar. In addition, the particle surface electric double layer was compressed, and zeta potential
was reduced, so more biochar particles were stranded in the instability of the minimum potential
energy , making it easier to migrate out of the carbon layer. Under the condition of high flow rate, the
maximum radial migration depth of biochar in quartz sand column was 3.5—4 cm, for which the

main driving force was hydraulics. With the increase of the flow rate, the generated hydrodynamic
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shear force promoted the large polymer of biochar to disperse into small polymer, this made the
migration of biochar to the radial depth along with the water flow easier.

Keywords : biochar, column leaching, migrate, interface chemistry, hydraulics.

H: W1 5¢ (biochar ) S A= W1 TR R A A PE T B ARAS 10— 2 S B Y SE 1Y | i B 55 AL A 181 25 )
JS g R I, AR e T R A R R AT T T Y kA 2 B R
VELS R TS Y LR A AP E R KU PE Y B 3 R e VE T OF HAE T LU R
R P A RN SR AE | PRI A i — o R A ) S R

FURZEME R ITD b AW e o PR Ve V0 i fy R AT [l 12 7%, (5L H BT 2 0T 58 W], Bk HEE
W FRAETAF SN AL, 220 b A Wy IR 25 K0/ VB BE -5 3R AL A T 45 7= 2R — 2 R 52
Mg 210 A A ) e A A T R A AR RS O AL T (R AR ) | BURLE K I A )
HORLZ B SN SFAE IR0 At RiAe/ ING A ) e TR, S S SR i ROR AT, e AR A 1mjad %, TR I i A=
R (75 e PT R 5 LR e R AR 3T R S 8075 Y 1) 3R 2 8 R K T B8 Chen 4577 BFSE T
ARIB AT A ) R A KRS L B FEI AL AP RS 00, K BIE — A0 B4 B8 1 LU IE — B Bl B 0 AR W i i %
(Y 4 P S5 5 A S 552 XA T SR AR RIA o) At A A 1 1 5 14 26 4 e TE LA T v (i B I i
BV LRI A B A ) o 1) 2 T PR AR P 00 385 52 A ) R A 22 LA T DT B8 Wang 562 3l i B 90 K
I 8 v ) T B T R R, S5 B ) e AR R L MR O 2 1T 670 F A S, 0 AR PR R . Ah SR AR R
BB A 8 BRI T, ST (2 R A ) i BURLAE Z2 AL A B A IERS A7, H RIS A= W o g A 43¢
Ja BIERSEA T B AN R B — R R A2 R T 5N 3 B 5T 22 IRER R X AR W e A AT M AR .

AR S 2 B o A W RO A B R S i IR T A A DK T 2 MR A AR N A2 e
AP B IE RS A AEFN 3 A KL , 4878 A= W) AR AN R F1° R Bl 7 20 T iE R O S s SR sh Ll , S A=
Yy o ik s A 3 h B R F o A s iR 2%

1 # B ( Materials and/methods)

1.1 AR

P ERFEF RS, & TR A DA 7R S o b, Dol AR 4350 C 451 T #4# 3 h, 1l
Y peat 100 B, 6474 P AR B S 20 /86 3E (FT-TR) 35 FL 5% (SEM ) . Boehm % 5 1 55 X}
FERF AW e AT 200 B RE A SR AE 9T 00 a2 A W o pHL K 43 | FBH B 728 e & ( CEC) |, 2 T B RE A 5 3k
PE.
1.2 HEb L5
1.2.1  A5b ik

PEFH 20—40 H B A 2 fb, %6 H 0.01 mol - L™ ) NaOH ¥ WRIZ L 24 h 5 FH &8 1K vk, B H
0.01 mol - LY HCl ¥R 24 h J5 FH 28 FoKubd 0 BRBSE Ve T 2K M A S mb 26 i 1 4 J 41k
1,105 CAMF MR i f7& H.
1.2.2 AW st

P TAL H S A A S D22 18 A N AR 8 em 8 BE A 20 em FRSELFERE ) B B8 A 512, 2 L 44
1.5 em, R R EREH EHFTHE 7 om S, FNA 3 g EWh, LZETE 0.45 wm JEIE 5 HA 90
JESE SCHA B A 1 R H R E TR A N B2 AE A AN 1 mLemin™" |, (3704
IRENRA, S 24 h A4 HE A AR S AR BRI SR R AR, A 2 22 B R A AL
BUAFR(PV).

TEAHE IR SEGG T R E SR B 3K HoK Oy =X, B2 K AN [R] 7K g 27 0 5 T A2 254 vl 458 T
TRV B 1 B S, 228 T /K 900 iR pH {EA 6.27,0.05 mol - L™ NaNO, W& (9#) 46 pH {54 7.18.
1 SHE(CK) .2 SAEH 3 SHE ARz 514 L3 1.
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Fig.1 Experimental setup
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Table 1 Device leaching conditions

WS Fian T 3SR WA
Sand column number Medium Flow rate/ (mL+min™") Leaching time/h Leaching amount/L
15 EKETFK 1.06 600 36
25 0.05 mol-L™' NaNO, 1.06 600 36
35 KETK 5.96 600 219

1.2.3  AS[RREEAE Y B f i

WSS 0 AT O R BE AR e B AEAS B, LR R S AR A W o T, FHAN AT 32 e ok AN
[FIR B 1) A1 b A 1) 250 mL IR, ITA K B8F 7K 200 mL, TR % 2% LA 30 remin™ (9 5544 9R 5
24 h AR, I A 66T 97550, nm W 2 YAC A VR A e A VR T P AR R R R B0 e
TR .

1.2.4  HHERSFIEY) R ¢ BN

(1)WY ¢ AL &

HEBAFREL 10 mg (TRZEANEE i £0.05mg) i 100 H i i A= 9 5 0k (MR B 50 mg-L7') | & F 200 mL
BTk H 76 100 W45 kHz 2514 8 A5 20 B 30 min 7528 5 e (R B b ™, Zeta L (374X
( Malvern Nano-ZS90) llsE 7.

(2) A Seib g R 1

FREX 5.0 ¢ A Selb T HOBI ek RS | 2 100 B i , 5 2o 075 1) A S B oK e B 2 2 A7 B oK I e
PR, F 100 W 45 kHz £5 4 F #8745 4388 30 min, 3 i 00 W 2k BS B2 B9, A Zeta HL(Z Y ( Malvern
Nano-ZS90 ) il 5
1.3 DLVO i

ARWFFER LS DLVO G 431 A5 9 2% J0URE A 10 R S0 o (4 3T 8 R AE 5 43 A B AR 4
DLVO HLE A7 2 [8] B Ay 3 A3 A A FH IR EC I 5 1, SR Sk e = [ A 00 FL J2 B4 S 6 i 7= A HE R AR
FH 33 PR ELAE FH 8 et /N2 50 o SO R RS 1 5 R AC i R A - IR VA L % g A - i1 K 2 1T 22 i) £ A
AR

A=Wy e 5 A4 B Z RIAVE R T BE (op )

Prowl(h) = Peprn) T Puaw(in) (1)
Y, Oy ~ Crvrny ~ Poaneny TTINNEFGE AR SEAEAEIAE A P Z A FE B (nm) .
P AR (QDEDL(M )
1 +exp(—Fk-h)

Peprpy =T ° &g = &, ° ap{2¢l Y, - hll:l —exp(—k + h) } + (lﬁ? +lr/j§)1n[l —exp( - 2kh) ] }




51 2 RARAE AL A 5 K AR B LE MR AE R AL v p L RS 1413

K = [(1000e° N,) /(gg -5, - Ky = T)1 XY, M, 2,7 (2)
K, gy HEASMNHEE[8. 851077 C+(Vom) 15 &, AMXAHEE81.5; a) AR L
(m) +7.5%107 ms g, By GBI BRETIERON £ (V) s HEEFEARTEARBH(m " s it T
HLfF R 1.60 x 107°CT; N, A BaAs i %50 6. 02 x 10 ® mol ™' ] ; M, NHLAE B A E [ mol - L' ] ; Z,
LT T I .

LA GE (éovdw(/z)) :

@iy = (e, / 6h) [1+ 14k / A] )
XF, A Hamaker H0(-0.87 1) ; A NEFAEI K (100 nm).

e 5 B PRIBORE I ) DLVO A A (P 2) S5 e 1 5 [ PR AL 85 () H9.2 d< ] nm, 2400
BRI LIAAEE ST (@ 0, ) AR T 90 5B A7 90 221, X SR A 55— B/ B8 i 2
(@) 32 1<d<10 nm, EEHGE (@uy) B d BN RARROR I, THEREERRE (o,,,) BE d BT,
LA L AR S AR 2 F 20 it LSS — BN RERT (@) TRRHRERT (@, ) IS /NS
(Puin) 1T @, Hllp,, /T DRI ) 5 5 W W 55—/ 5 Bl A0 R i N X B,

FLA T R e

Interaction potential energy(KT)

5 l 10 l 15 l 20
Distance/nm
B2 etk 5 EAHBRLE 1) DLVO A E /I E= 2 E

Fig.2 Schematic diagram of DLVO interaction energy between colloid and solid particles

2 R 51718 ( Results and discussion)

2.1 EYIRARAESLS

FEFFAED e pH SR 9.55, K0 % 50 25.82% , TH )5 R ZEICHLIGE N K Ca Mg, FHE T35 ek
110.67 cmol - kg™ ; 5K F Boehm Ji# 2 ¥4I 2 ARG T A= 9 e ¢ T RE AT B, 45 SR B R A FFAE W e R Tl s
SETIERER  BRYEEREA A 2.008 mmol-g ™", B E AEH A 0.9373 mmol-g".

s AR A= 0 e 2 17 HA K iR e O BFLZ5 44 (81 3) 5 AR 4G FT-TR YGiE vl LS4 (&l 4) |, 7E 3400 cm™
RRFT A B S A R A0 | SR 8 (—OM ) 46 4% 50068 5 2927 om ™" BRFIT Ay S0 FRY 5640 RS 14 i S 11 406 % B0
(—CH—) ,iiF W F% FF £ W) o 6 A7 AE CHX B BE 415 1630 em™ Ab N ¥8 JE IR 51 (—COOH) |, 1314—
1500 em™ fff3fr =2 R o S0 F LR N PHES F « EFH ;1090 em ™ BiIE A P—O $ig i, 6 RA RS #1246
YIIRAFAE— E B IR ML B REHT ;781 em ™ BiHE ly Si—O—Si M5 R 54,

2.2 3PN AW R A ER R

1 5 2 5 M 3 S ARt R R AR Wi )= MR A R 3 g, Z23 24 600 h B ARFEEME IS AR WAk
R A W 05¢ 2 18] T J2 A b 2 B 1 5 43 51 R 0.5355.0.8691,0.7092 g, 431 (5 A= W i e o e 1Y)
17.85% 28.97% ,23.64% . H W BT A H Az 0 o 0K 32 R VA VS o B (2 A ) RN (3 S )
Bt m T A s B )R E R R AR (R 2 K 5) .5 1 S L, 2 SAER 3 SRR A Y AR A
Y 2 ) R R AR AT R IR 5 T 62%F1 32% ;3 MET-H 1 SR rh A Wy AR 16 1T R TR
/N, R REBIE B Y 2—3 cm; 3 SHIEBIRE K, EBHEEZ R 3.5—4 cm.
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Fig.3 Scanning electron micrograph of straw biochar

3 RS PE T pH BE V/PV (I S/ LIBUAR) A AZ AL (] 6) a3 T AR 200, Bt I o (1]
USSR R , e Je B TARE , 2 S Ak W pH (ERE M/ INT 1 SRR 3 ARE.

R2 3 PAAME T AR BAE A TR 14 A 1L

Table 2 Mass transfer of biochar in quartz sand column under three conditions

. i IMAHEY)
WA= e mban A, L i By L 8 . ‘
DI FERIEE AL PR AL KR e IR i B
Sand column Radial migration Carbon layer . - 3
b alitv/ rention/ Leachate biochar Total mass of Error/ %
flumber quatiy”e retention”e accumulation/g biochar/g
1% 0.5355 2.3622 0 3g 3.41%
25 0.8691 2.1080 0 3g 0.76%
3% 0.7092 23627 0 3g -2.40%
0—05;---------------
0.5—1.0
1.0—2.5
g
2
21520 )
g’- B 1 54:Column 1

2.5-3.0 254 Column 2
J135#:Column 3
3.0—3.5

3.5—4.0

Ojl Of2 Oi3 ()I44 0‘.5 O.‘6
Quality/g
B 5 3R A SRR AN RIR BE (4 A= 4 i B

Fig.5 Biochar retention at different depths in quartz sand columns under three conditions

2.3 HEWBAE A SR IR R SRS AL A 5
2.3.1 B TR A Y RS R

Bl 7 AASTR] B 5 BE A5 T A= ) o 0K 5 A e ib i ¢ M. T 8 S ARYE DLVO g (1.3 15, AKX
O . .®) T A B 0 T 0k (8] 5 B B 2 00 AR A 0. A= 0 o kL 22 18] LA K A= 0 o 55 4
YRR Z (8], Fle, . WNFR 3 FoR , AR W) ¢ 5 A SR ks 3 T 34970 B3 FL A (£ FLSE A 2 XA R AR
SEVE, IE SR IR R ) 1 TE 25 T KA R R A SR A A W) i 1) 3 1T L 4R S - 36.80 mV
F1-55.23 mV, 7£ 0.05 mol - L™" NaNO, % H 19 22 11 FL 37051 R - 25.68 mV F1-28.49 mV, # J: & F /K &
FRRMH A RIFER T 30.22%F1 48.42% ( LA FEARIE K I FE 4 XA ) , W AR URE 22 18] (14 55 K3 ig o
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FIVES A/ NV BE R (SRR IR SR (ED)

9.0 9.0

851 J.q\. R 8.5f i‘o’-\'

e % /\ o0 ® 0 % lad

ol fealnd PR A Py
akdoa

* A‘A A " adr q \
L\ Ll Sl ™

7_0!}z &’ 7.0 A.
'Y

—e— 1 5-4:Column 1
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Fig.6 pH change of leachate under three leaching conditions
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Fig.7 Biochar particles and quartz sand { potential under different ionic strength conditions
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Fig.8 Variations in total potential energy between biochar particles and quartz sand at

different ionic strengths with distance between the two

A=Wy B ORLAY AR LA S4B 32 3 B 5 J3E A2 ], NaN O, 359802 300 i) A ) e v ) o ) R, 3 35
2 SAEWR R pHFEAE 1 SRR, Uk I 1 7 P At/ DA TITRAEAER 1 R % T P 32 LA R R 2 i) 342
HHE DLVO B& 43 B | B KA BE (B K, J00R 8 ¥ 5 f K 3 A, 3R T 75 | ) B 8 phy A4 )
(@) T 55—/ NIBEBU N OB ZS  7E 55 — /NS REAL TR EL RN, S0k =2 (] 5| g S B0 iy
FFHLIARE (@p ) TEMIRY, B TWAE RS M TTE 2 SAERME T T 1 SRR REA L — AN RER
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WA, 2 SAEA S 2 LR W o MR S ) B B R RE AL Sl i T P R D LR 2 i/ N RE AL, e AL )
BRLIE T IWAZREIRAS SN AL T 5y MR IZIT G IR 2 SR J2= o th A AR i ot fee K.

1 2 5 R A W A D FIUR 2 T P 34 BRI, 38 3R AT A XU J2 i I RRAIR, A 0 R B 25 7
WS A7 SR RIURE 2 T 38 o TR ) e UKL RN S b Z [ @, (BS) Fllg,,, (BS) 7347, @, (BS) Flg,,
(BS) AHRE IS, FUL5) 5 e R BE , DUREAE SR /N VREAL , He,,, (BS) <¢,,, (BB) 4 F1 T A= W) 1 i
RLAEAT SRR BT B, B0 2 S P AR R O R B ZE AR BRI AL 0—1 em AE.

®3 AFETRE T e, Me,, L1k

Table 3 Variation of ¢, and ¢ _; under different ionic strengths

na;

A5 Medium @ax(BS) @min(BS) @ ( BB) @in( BB)
KEFK 1350 -9.95 900 -6.63
0.05 mol - L"' NaNO, 486 -12.53 438 -11.3

TE . BS AW 5 0 Semb k2 () 58 , BB 2= Wy U 2 6] A BE.

Note: BS means potential energy between biochar and quartz sand particles, BB means potential energy between hiochar particles.

2.3.2  WLEX YGRS TR 1 R

3 R SR AR RAE A SR FE AR TR UR B (0—4.0 cm) A EEL R 4 KT 45 55, 1—3 54
Hh Ay e 14 B B TR A T BT A A SRR R (0—1.0 om ) B9 A= 1y i i B 5 B 28
BN AR S HE 1—4 em WREERT, 3 SAEGAL I AR W i B 1R T T B A R W A ) R A RS TR 11
ISEVSH SR b R (R

R4 3FMIESLMT 0—4 cm WA IR

Table 4 Relative concentration of 0—4 cm/biochar under three leaching conditions

R H W IR FHXT S Relative concentration of biochar/ %

Depth/cm 1 5 Column 1 2 S Column 2 3 54 Column 3
0—1.0 77.69 66.11 49.84
1—1.5 11.08 21.45 25.69
1.5—2 9.08 8.39 13.93
2—3.0 1.41 3.06 7.19
3—3.5 0.65 0.75 3.01
3.5—4 0.07 0.12 0.32

K19 g 3 Rk 2R T ANIRIREE AR 5 i £ BAL, 3R 5 0 3 TR 25 00 I A IR IR A9 2R W) e i 78
il 5 ¢ ARG AR 3 AL A T A SRR B ¢ LR T 1 S AR T R R S £
FLTE 0.01 B KRF- BEIEAHOGYE , BERA o U 3 2% PF 2x AR AR ) e ) ) I e % o i, AN T2 I 1 A e b A
TRALEY ¢ LA

I 1 54:Column 1
[ 25-H:Column 2
2.5-3.0 [ 3%#:Column 3

Depth/cm
@
b
f=]

........... ] P B S R S R SR
0 5 10 15 20 25 30 35 40 45 50
Potential/mV

93RRI AT R RIREE A YR ¢ HLL

Fig.9 ( potential of biochar at different depths under three leaching conditions



51 2 RARAE AL A 5 K AR B LE MR AE R AL v p L RS 1417

F T UREERN, K22 7 AR S R AR TR BT U1 T, B8 A= 0 5 R AT IR AR A3 BIUR /N AT SR 2750 KT
ek T A= W) 5 ORLAE AT SERDRE 1 A9 1) T X 5 U484 DR A TR] T b S TR ARG O g A i i v it A v
FER A RAE ) 5 B 22 A A T AT SR AE R TRAL , IR 3 SAEIRIZ AR £ ML R T 1 S AR R BOR R T
VEHIBBE AT, 3 SAEIRAL 1 A 9D 5 A W) e OB R T S B R, 8 Z T BB 2 5 0K, AR e
WURLACAESE , ATy WA SR ORI KL, PRI B 5y i) T i 2%

RS 3FMIESNE N AR AR S ¢ AR

Table 5 Correlation between migration quality and { potential of different biochars under three leaching conditions

#hH:4i*5 Sand column number FKME Correlation
154 0.752
2 Stk 0.214
35 0.899 **

# % P<0.01.

3 758 ( Conclusions)

(1) PP PP s S HE N, J AP LR J= i e 4, UK 3% T P 3k ), Bl AR | B 22 1
A0 1 RORE 68 3o T5 1 EARE E A S AR N RB AR SR A TR, TR AR S8 i /NS RE AL Y A= W 0 AN A, 2
VIR Sy i M h )= , O B ZEAE AT S SHEHE A T 0—1 fem AL,

(2) IRV TR LS ST, R ™ A B4 7K B0 3 500 ) e A ) 2R R SRR I3 O N SR AR, A ) 3 s
5y [ A7 SERPAE AL A% | Rl o 1 WA R A R W I S 4 SR IR TR ) & R, 3 DR 1 e ) 4
R, AW IRAS Ty W B A A7 Db FURE e 1T, et 1 AR PR Ay e R EE R A ) R IR 708 .

(3) WRVAR 1) 1 15 B 78 Ak, 25 A5 A e R A b R, 3 T 5L T 27 & A 728 Ak, AT 532 Wil 71
W HAEATIERDRE P A AR TS ) S A s RV K T3 20 LR i SR A HE W B T, ok A b IR
AR & HLAE , DTTITR Wi A ) 5 AE A S AE P R OB AS TR

(4) TEXS A= M) e 52 B A T A T REMR AT AL I, 37 2% S 3] 5 i A = MUK T 2% A= W) e A A7 Y
SN, PR IO R HE 26 1 | b O AR e 5 15 e ) o A R ST R Y 1 L.
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