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Effects of Chitosan-Modified Humic Acid Composite Material on

Mn Solidification in Manganese Slag and Ryegrass Growth
Feng Xuhan, Liu Fang’, Zhu Jian, Chen Zuyong

College of Resource and Environmental Engineering, Guizhou University, Guiyang, 550025

Abstract: Aiming at the water environment pollution caused by the release of a large amount of
Mn during the stacking of electrolytic manganese slag, a chitosan-modified humic acid composite
material was prepared with modified humic acid and chitosan. The solidification effect of the
composite material on Mn in manganese slag and the effect on the growth of ryegrass were studied.
The results showed that the solidification efficiency of the chitosan-modified humic acid composite
material on Mn in manganese slag reached 47.6% ~ 79.6%. The mixed matrix of manganese slag
and soil added with this composite material could significantly promoted the growth of ryegrass.
After planting for nearly one month, the plant height and biomass of ryegrass increased by 56.7%
and 175.6% on average compared with the control. Moreover, the Mn concentration in the leachate
of mixed matrix of manganese slag and soil was reduced by 67.4% to 83.7%. Therefore, the chitosan-
modified humic acid composite material can be used in the ecological restoration project of the
manganese slag dump.
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Tab.1 Basic properties of test materials

Fe . B U AR A PERIIRTA X Mn A% Mn

i P (mg/kg) (mg/ke) (mg/kg ) (g/kg) (mg/kg) (mg/ke )

PR 4.89 492 270 1876 40.89 19555.4 11069.2
M 11 7.79 75 136 195 30.39 953.7 13.5

1.2 BUESIERR M RIS 1.3 =R - WEBERESMEIGHIE
B A A E iR R s « LIRA, FREL 6 g FERMHVAART 100 mL /BT ECH 5%

R E AR S, #E 24 h, BRI
10% Y ERER VR T T pH=2, BiPRIES)GHE 24 h,
P B 2SS AIEAS B UE T, FZRIR/K I E ve s &
TR, ORI A S XL 90 “CHtT &
T, BISRIAREERR, oS T Dagyvh
330 “C 4% 1 h, fEHPGEBIK, 7E 2 mol/L &4k
FER IR 2 h Jeid U8, SRJ5 1 mol/L AR HH
WA ZE K IR Ve, i FARLE 80 CF T
JE ARt

BERRVA W, A 2 mL B GHR ke, PUIRHEHE
4 hJGMA 6 g NETEEMHIRI AR, dhEL BT
30 min HIF SRR, WG AK EIRERD)
W2 8T 0 BEFEgs F Y 0.2 mol/L NaOH ¥ il
W CE 24 h, FAZRIR /K BRI ) = R M e BT
Wi s Y,
1.4 TERYE - SUEBERE SR Mn RIEK
PyES
Brra Mt OCPESERIG . FoRNE - AR R
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Fig.1 SEM comparison of lignite (A) and the chitosan-
modified humic acid composite material (B)
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Fig.2 FTIR comparison of lignite and the chitosan-modified humic acid composite material
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Fig.3 Effects of lignite, modified humic acid and chitosan-modified humic acid composite material on

the Mn leaching concentration at different times
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Tab.2 Plant height and biomass of ryegrass under
different treatments

%28 K
Qb3 — -
e (em) YR (/%)
CK 1423 £0.7¢ 0.41 +0.05d
REF 1 22.30 % 0.6a 1.13 £ 0.06a
AbE 2 19.84 +0.34b 0.60 £ 0.08¢
AP 3 19.40 + 0.48b 0.78 = 0.08b

T RSB A NG 7 RER R 2 5 B % (P<
0.05) .
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Fig.4 Mn content in the aboveground and belowground of ryegrass under different treatments
T B AR/NGFRFORZEREE (P<0.05) .
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Fig.5 The change of Mn concentration in the leachate of
mixed matrix of manganese slag and soil under
different treatments

2.4 FSERKE - IR AR E SRR ERITIE
I
FH 78 SR - SO TR AR IR A2 A b4 L L i e T
H M B [ AR Y, ] A SR B A I T F
BEIMZE AL HE N, 55 28 REFA Mn ) [ Ak 35 15 2

79.6%. I S FPRAET- BTSSR BABIE . FERM -
SRR A A M R AR R LB 2, kW
BUER, &4 REHIRI S, 5B Mn (4
BEACRCRSET: . WO e R - Ok A R & S Rt
Tt N E B e R IR, SRR - SO AR
B HRHRE B AR B Mn (IR ITRS, X
s S — T S 7 SR - O A R A A R X
MIEARVER , UERHSTRME - otk IR R A MR
T 3o SO JE AR R AN S SR L [F 4 P RO Min 264 T[]
b, — oS0t 3 A SO JOE A IR LA R Y [k
I3 U 10, S SR A W B A T O A R
gy U T SEIREXT £ Bh I 4 JE AR EL AT R T A I B
RO, RECASTRER G & A KR E e anmt
e dk . RIS, XU B b R N B RS
BB Z DIRe TR T R A 8 R RE .
Li %5 U il 5 1 ol 2 BR A M 1 5 SROBE IR BT 5510,
FEBRCr (VD) , 250K, 5 pH e 121w 4%
BPESE R MR Cr (VL) WIRETRE UL R, Ar LA
il 85 B A2 A PR RGHE P % Min A5 B0 1Y) [ 4L BE
A7, SR AR AR PR R A I
W E T . AUFER, 5235 FA R AT,
SR - R MR A A P RH I (45 2 2 X
BhTE - HHORA R Mn B 2 AR RIRIE T,
HoH B35 R SR AR N T 25 O BT T 5.29 £
311 A%, XA BBUE 2R R -
BV SRR ARG I T R AR R, M
T 1T - RHER AR A R Mn WA
IEERE R, W T Mn (IR IERS B AL K BRI
S, FEIRBERE —AMEY A KR, AER R T
(A o5 FE RS AR AR R, P11 & 3 R P IR L
TER ISR, AR R R R SRSy, AR
ahitiEA, BRI H Y, SR, AT e
HMH - UMM R R A MRS B B AR AR
FEREZFARKIGIE A H RS - THRA RS
PEU P Mn R JEHRARIK 84.1 mg/L, it T Tl
SRR HERRUE . RITHT, MOKABEAR I R
TR SR - R MR A R H i T v
T EL AN N B B A B — 2 W SE BT, ARE
TN FE RN - SCE IR R A MRS B

25



L)

IBERR

2021 F5 4 H3

i RE (SN @ NG R S AT

(1) STRME - SCME MR 2 A MR F el
i Mn (1 [EARCRIR S T 47.6%~79.6%. TRl
B P REA T 38 0 o ST SR - Ol AR & S MR
eRmA, FLE. FLARSA A R P27,
FERZFLARRR ; I LA RT 78 FME - b e
TRE A M BT RAE, BaiZmRH B KA
I IR RE T B i

(2) TEGh - THER S EE N 5% 152
R - VR IR E S ARG, RERRIRR S &R
YR BB AR, S R AR R
Mn (IR R R U BT T 5.29 A5 A0 3.11 4%,
PR RN - TR S E M AR ] S
B R A .

(3) BIMTERME - SO AR & A M B
8 - THER A BB IS Mn & 5 BUR R D
H5REERHAERT, M- TR ISR
1 Mn & BRI T 67.4% ~ 83.7%; F ] 7C Rk -
SCPE AL IR 52 A5 WA bl RV - IR S S o S b
e SR AE SO R T HE Mn (IR RS A B A
R S TR FH AT 5

SEIH

[1] R, RiEME, BT, % BB ZEa A
PRSI R [J]. PRBE TR 23R, 2014, 8 (7) :
2645 ~ 2652.

[2] BAWREL, MR, BeAtl: . PRI R S0 S AR SR ().
kMR, 2018, 37 (7) : 326 ~ 330.

(3] AW, G, SER, 55 . AR [ 25 A i
B 1t e S AR AR BT A BRI AR 23 T D]
IR R 22244R, 2018, 41 (2) ¢ 127 ~ 132

[4] Rute, RPN, W, 5. RFESFREHERA
G R ZINZZ By e R S AR K I R [T, SRR IR, 2020
(6) : 51 ~ 55.

(51 RIHE, XUSOHE, 20, 55 . FE GRS HAYI L R i

26

RISk i [9]. ALTT A4, 2019, 47(3) : 91 ~ 97.

(6] XU, 23CF, BRAERR, 55 . &R Rme S e B
M P+ BRI BOR (9], AR, 2020 (4)
44 ~ 48.

(7] K3, SERRPE . AR AL AT Gt B i B 5
WECBUIR (7). AR, 2007 (5) @ 16 ~ 20.

[8] E&s, bEIL, ke, 5. AFEBEELEHILR T IR
WROERCR IS (], H AR FE A, 2014, 30 (24) -
66 ~ 70.

[9] #/Nk, Zailgds, TR, % . HoeR Koo RIER
M ABTST5 1 ES T [3]. P AR, 2012, 29 (6)
170 ~ 174.

[10] Hdlk, ZUEbhl, BRI, % . #hEre R K
W RSP BE AT 5E 19 WL (0], 6 i 22 2 Jo e AG: I 2 412,
2019, 10 (14) : 4503 ~ 4507.

[11] BRomH, BREE, 208%, % . B g B s
BUR 5 R B (0] BB, 2017, 26 (8) -
1451 ~ 1456.

[12] FRHEQE, RMESE, #3139, %% AR RIR I i &
R W MERE ) (0], PUNIR 2254 ( A ARFHFARRD)
2019, 56 (2) : 301 ~ 306.

[13] BER, Bk, BEF, % RSB

B EAIE (7] B RS, 2007 (5) @ 27 ~ 28.

[14] B, D), A%, 5. FeRMSSIRA TS
B 192 WA S 7910 ) ) o S FE I B PEBE (0], S 1SS i R
Fff, 2016, 32 (1) : 43 ~ 53.

[15] eRMK, EHRE, RO, % . Sk I fEommg L
AERHXT Cu (IR REFE (7] P EEREERE, 2017,
37 (3) : 1016 ~ 1023.

[16] BFEW, Kk, S, 5. BRI Cd™
MR BRELAR (7], A BEIR S EABE 4, 2017, 34 (4):
343 ~ 351.

[ 171 REdL. SERMEHLE FR 0] 25 Bk b o 5 1 R F Sk
J&[J]. MR, 2019, 48 (7) : 1749 ~ 1753.

[ 18] Li K, Li P, Cai J, et al. Efficient adsorption of both
methyl orange and chromium from their aqueous
mixtures using a quaternary ammonium salt modified
chitosan magnetic composite adsorbent[J]. Chemosphere,

2016, 154: 310 ~ 318.



