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Effects of natural weathering processes on the distribution characteristics of

organic carbon and its composition in bauxite residue aggregates

ZHU Feng"?, LI Meng', XUE Shengguo'* ", ZOU Qi', WU Hao', WANG Qiongli'
1 School of Metallurgy and Environment, Central South University, Changsha 410083, China
2 Chinese National Engineering Research Center for Control and Treatment of Heavy Metal Pollution, Central South University, Changsha 410083, China

Abstract; Revegetation is regarded as a promising approach for large-scale remediation of bauxite residue in disposal areas.
Formation of an aggregate structure and the dynamic processes of the organic pool are essential factors for achieving
revegetation due to the high alkalinity, salinity and poor physical structure of the residues. The physical fractionation of
organic carbon may identify specific organic carbon pools that are responsible for carbon management and control. Physical
density fractionation facilitates the separation of soil organic carbon fractions and their associated mineral particles from
different locations. Spontaneous vegetation encroachment upon bauxite residue at a disposal area in Central China, over a
20-year period, has revealed that natural soil-forming processes may convert the residues to a soil-like medium. Residue
samples from three different stacking ages (1 year, 10 years and 20 years) were collected in order to determine the effects
of natural soil-forming processes on aggregate formation and organic carbon fractions. The contents and distribution ratios of
light fraction organic carbon (LFOC) , heavy fraction organic carbon ( HFOC) , particulate organic carbon (POC) and POC
intra-residue aggregates were determined in this study. The results indicated that the content of organic carbon fractions in
bauxite residue increased significantly under natural soil-forming processes. The proportion of LFOC of the total organic
carbon was 0.36%—2.06%. With increasing stacking age, the distribution ratio of LFOC increased. Most organic carbon

(97.24%—99.11% ) was held in the HFOC, which indicated that organic carbon dynamics in the residues were controlled
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by the behavior of this fraction. In the HFOC, coarse POC and mineral-combined organic carbon predominated, whereas the
distribution ratio of fine POC was relatively small. POC content was highest in 2—1 mm residue aggregates and lowest was
in the 0.25—0.05 mm residue aggregate ranges in the three different stacking ages 1.21—1.85 g/kg (1 year) , 2.62—2.95
¢/kg (10 years), and 3.52—4.15 g/kg (20 years). Mean weight diameter was positively correlated with total organic
carbon, LFOC, HFOC, and POC (r=0.908"", 0.908 ", 0.889"" , 0.793 ** respectively; P < 0.01). The content of free
POC, occluded POC, and mineral-combined POC ( Mineral: Mineral _ s, and Mineral _, .. ) decreased with decrease
in aggregate sizes. The order in a diminishing sequence for the distribution ratio of POC intra-residue aggregate size was 2—
1 mm, 1—0.25 mm, <0.05 mm, and 0.25—0.05 mm. Among these, mineral-combined POC was the major fraction, and
the proportion of free POC was the lowest. Natural soil —forming processes increased total organic carbon and fraction
contents, and further enhanced the stability of organic carbon in bauxite residues, which was beneficial for organic carbon
sequestration. The findings of this study may provide a theoretical basis for understanding carbon sequestration and

contribute to improving the physical structure of bauxite residue.

Key Words: Bauxite residue; Natural weathering processes; Light fraction organic carbon; Heavy fraction organic carbon;;

Particulate organic carbon; soil formation
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4 4] KB G5 HORRUAL RS RN o5 e P 2R AT B 2L 73 B4 5 1) 3

IO7 B E 3 A7 125, AR5 F SR R 0T s e PR SR AAAT HILBR 4L 53 A1 OS2 W, Ay o 0 AT SR 23548 4 9 B A
A LA ZH 73 1 i R 4 B K

1 WFRXEHR

WF5E XA TP AR A R T S (1139257 B, 35°24" N) ,iZ X 3@ B IR KR A%, B E
KA PUZA3 I ARSFEIIREE 14 °C AR IR K R 560 mm, 24E0T B H % k2 B 7E 6—8 A ,1 Al
KiEED, AR A i AR TR R AR U8 i A T s B AR e E S

TEHC= MO [FIMEAEIS ] (1 4F 10 4FF1 20 4F) R AWTFE R, P HEAFI TH) 2 1 AFF0 10 4R R Y b
WICHY A K, HEAE B[R] O 20 4F R e e B A D E LY A K, W3 R ( Cynodon dactylon ) Fl1JE %%
( Solanum nigrum) %% .

2 HIRAE

2.1 FEACREE

2014 4% 8—9 HXF ARG E X AT R Ge i A, S HUHEAE | AE0RTE (A)  HEAE 10 4ERVE (B) FIHEAE 20 4R R 8
(C) = He IR TAE FoR AR BB ISR R A s 7 AT RAE IR EE 0—20 em, B s BELIEI 3 P~ EE
SURKEE B 3 AT A IRE IR A A R AT 1.5 kg ZE47 AR VAR SR M IZ S A R 2 AR UEHE i BEA
ST A SIS, SRR A RN TG, R AR AR R 42 2 mm G4 H
2.2 IRUCERAIA BLAR S R

TR HLI Y 53 25 % Roscoe Al Buurman FY7J5% ' 38 Nal IR (BN 1.8 g - em™) 43 B4
BRI S M 20 51, WIRNZH S0 A LI & iR IR AT R 40T (VARIO MAX C/N, &= Il (T
i) I BRRNZE 43 WL & i S A e LA
2.3 RIREAA VLA S = I

AR U8 LA HLIR I 7 BOR FHEKEG B A5 B A B0 R i N Im BB (= /0 80k 0.5% ) R 75 43 8,
o 381 T SRR N AL | S S0k RN 4 45 6 25 0K, I 5 45 FUREEH 4 A ML 75 2 R 0 Tig EE 451
2.4 FRUTIRIA BLAR 2 I

FRULIORL A HLEK (POC) #5218 Cambardella 1 Elliott #9777 ¥: ) 5@ /S Im MR M B (BN 1.8 o/
em®) 43 B AR UCAE b AR B ORI AR , 0 I 5 o, IR HRUBORE A BLER 3 FE LE 31
2.5 FRUE TR P URLA ALK 14 T

e A1 AR PN R A HIUBR A 23 B8 K FH Golehin S8R9 3510 X BRI /N T 1.6 o/ om’ HING B BURLAT
PLIR (fPOM., o) B BE/INT 1.6 g/ cm’ I S ORAT HLAR (oPOM_, o) R 1.6—2.0 g/cm’ I & B UKL A HL
W (oPOM, ¢, ) H WEE-EA LEK (Mineral, o ... ) FI0 2554 HLAK ( Mineral o, ) o 2 25 U AT SR AR 9 4%
WORLA ML 2 1t IR LA E L A
2.6 FAEALEE S AT

BAE AL FE 5 347 R ] Microsoft Excel 2003 HI SPSS 13.0, AS[FJAbFE 2 5 M One—way ANOVA (BA[H
R 22500 ke , 28 LR Duncan 35, SR 5 A9 A ¢ R BON RUAS & A S PE 43 BT H Y Pearson R4, AH
FEIFRAE Origin 8.0 HF5ERY,

3 ZBRES

3.1 FRRHIREEAA YRR
e H AR XA I FE Hh AR A BRI A HLIR (LFOC) & 78 WL 1, = FhHELERTE] (1 4E 10 4E 70 20
4F ) Fi% e BRI AT WL B 28 A Y L 3 91 0.028—0.039 g/kg .0.029—0.065 g/kg.0.056—0.241 g/kg.
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HRYE 1—0.25 mm AR LFOC &8, A B X FRJE 0.25—0.05 mm FIRK LFOC & &A%, ¢ KR Je
2—1 mm FR{E LFOC &k, BRI R rh &R g A R IR LFOC 75 5 AR Ik 3125 5 1 3 /KOF- (P<O0.
05) , Hotp 75778 2—1 mm 0.25—0.05 mm FEAH A 451 B 4R A1 R IK LFOC &8 22 55 LA B F /K- (P
>0.05) , #KiAE ARV BRI LFOC RPN A<B<C, ARG S HEAF B 958 A0, R Je 5 4G MLak & i 5
LTS

F1 BHAREIEPFRERARFEAGIER(LFOC) & (g/kg)
Table 1 The LFOC content of the residue aggregates in natural weathering processes ( g/kg)

P SR A4 2 1L RAFHUEK SR LFOC content/ (g/kg)
Aggregate size A B C
2—1 mm 0.032+0.01a 0.035+0.01a 0.086+0.01b
1—0.25 mm 0.039+0.01a 0.066+0.01h 0.2410.01¢
0.25—0.05 mm 0.029+0.01a 0.029+0.01a 0.184+0.01b
<0.05 mm 0.034+0.01a 0.051+0.01b 0.175+0.01¢

ARG FHRER R 3 25 5 (P<0.05)

*2 BHREREPFRERAREZEAFE(LFOC) 5B (%)
Table 2 The LFOC proportion of the residue aggregates in natural weathering processes ( g/kg)

AT A4 1 BRAF YR E L] LFOC proportion/ %
Aggregate size A B C
2—1 mm 0.56+0.02b 0.41+0.01a 0.77+0.01c¢
1—0.25 mm 0.71£0.02a 0.86+0.01b 2.06+0.03¢
0.25—0.05 mm 0.52+0.01a 0.36+0.01a 1.49+0.02b
<0.05 mm 0.63+0.02a 0.68+0.01a 1.52+0.02b

ANF/ING FhEFROR 8.3 25 5 (P<0.05)

H R AL R R [RDRE G AR T 1A SR A LROC 43 FL B3 Bl ML 2. A B .C =B IX 3, LFOC 4 EL 5] 43 5]
4 0.529%—0.71% .0.36%—0.87% .0.77%—2.06% , HH:H1,1—0.25 mm HIRK LFOC 53 EL il fe =, A (B X3
Y8 0.25—0.05 mm F R LFOC 3B F Bl A%, C X R 8 2—1 mm 1R {K LFOC 43 e bl &A%, [ SR
featFer B 4R C AR JE AR IR LFOC 43 FE L 22 S5 4436 31 18 2 7K F- (P<0.05) , Hort 0.25—0.05 mm,<0.05
mm FIRAEA A ZUF1 B 4 ARJEFT R LFOC 3 Be b i 22 57 2 AR 18 K (P>0.05) . 2—1 mm ,0.25—0.05
mm K LFOC 23t L33 B<A<C, #5778 1—0.25 mm . <0.05 mm I E{& LFOC Z}ie Ll 22 3 A<B<
C, R RN B [ AR R P BE S 7E — R L4 S AR U R A ML o3I LL £
3.2 Rl SRR A MLk o A

AU A AR KA i 7 v P SR AR B 2 A LI (HFOC ) & it Ak W3R 3, I [RIMEAE B[] AR Jé A1 3R HPOC % &
AL 4> K 5.36—5.69 ¢/kg 7.46—8.49 ¢/kg . 11.06—12.11 g/kg, A B XI{ARIEHEIM N 2—1 mm
K HFOC & i, <0.05 mm FIRK HFOC & fik, C KR  0.25—0.05 mm FIR{K& HFOC 7 i x

*3 BHRUERPARKELAFIE(HFOC)EE (g/ke)
Table 3 The HFOC content of the residue aggregates in natural weathering processes ( g/kg)

A ER IR LA FEAA YA HFOC content/ (g/kg)
Aggregate size A B C
2—1 mm 5.69+0.46a 8.49+1.03b 11.06+1.08c
1—0.25 mm 5.41+£0.51a 7.51+0.25b 11.46x1.12¢
0.25—0.05 mm 5.45+£0.39a 7.95+0.64b 12.11+1.35¢
<0.05 mm 5.36+0.35a 7.46+0.57b 11.29+1.29¢

AN FEREROR 3 2 5 (P<0.05)
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& ,2—1 mm HIR{K HFOC &t fit, SRR AFMEAARTE A B C A ARJeH R HFOC & ik 3] 7
FIKF-(P<0.05) . £ pifEaRUe A A& HROC S 4RI A<B<C,

ARUe H AR KAL R H R AR T 1A HLBK (HFOC ) 43 e LU B L6 4, AN TRIMEAF B[] 2R PR AT R 4K HPOC 43+
Fe AT 2 Ak 78 FBL 3 50 K 99.29%—99.47% 99.13%—99.64% 97.94%—99.23% , A [a] M 47 i} 8] 27 g 5 26 By
1—0.25 mm HEIK HFOC 730 IC H 8 A, A B 44 35R 78 0.25—0.05 mm H K HFOC 3B He il & i, C 4RI
2—1 mm FR{R HFOC 43 B He Bl e i, B AR Kb i A vp R I A1 R & HFOC 43 e HE ] 2 5 2 3k 1) 3 3% /K F
(P<0.05) .

®4 BAHARLEREHEARGEAEVE(HFOC) SE LG ( %)

Table 4 The HFOC proportion of the residue aggregates in natural weathering processes ( %)

AT SR A FEA A HLIRSTEC L] HFOC proportion/ %
Aggregate size A B C
2—1 mm 99.02+1.67b 99.11£1.59¢ 98.73£1.62a
1—0.25 mm 98.65+2.01b 98.61+2.41a 97.24+1.34c
0.25—0.05 mm 98.83+1.22b 99.05+2.16¢ 98.05+2.51a
<0.05 mm 98.76+2.57b 98.84+2.33a 98.03+2.48¢

AF/INE FhE37R I35 25 57+ (P<0.05)

U8 P B AAAT WL L T2 AT HLER N 32, 85 2—0.25 mm BT 20 285 75 AR B R A 20 Ik = R k. . T 5
PR PURLIBURL , 11 SRR A 2080RE , OB 4045 5 25 00RE . & ORA BILER & 1 UL 1, 2—1 mm F 1—0.25 mm 757
R b B LURLUR A 45 5 A J0RN 5 BRI HILRR & AR fK, Bl M A7 st ) 340, RSO AT HLAR
N R T AN RURL AN WA A SR ML AR B ARV R AT R R E AR [R5 A B
fert, A RIURL A AR 53 LU B SR A1, 7 W 285 5 A JOUREAT BRI 43 L R =22 RLRSURE A AR 53 T L 61l e e o Bl
HEAE BT[] (01 205 U 1A SR A a4 A L e 4 0 A LA 4 TG L 97052 T A1
3.3 RIRIRLA LR S A

ARUE A AR KA AR b R AR BURAT HLAK (POC) & it AB AL L3R 5. AR HEAZET ] 2R U8 FT R K POC & 1748
T 91 1.21—1.85 g/kg 2.62—2.95 g/kg 3.52—4.15 g/kg, FRIBEHORA PLER & BTE 2—1 mm 181k
Hig i, 7E 0.25—0.05 mm BIRE D, SRR AR RIHEAER ] A B C HARJEATRIK POC F ik 52 5
KT (P<0.05) , FRiRIRIe IR IK POC & HIIRIN A<B<C,

x5 BARUEREPHARGFEHNAR(POC)EE (g/ke)
Table 5 The POC content of the residue aggregates in natural weathering processes (g/kg)

PSR RZH 1 WURLA LI 2 5 POC content/ ( g/kg)
Aggregate size A B C
2—1 mm 1.85+0.25a 2.95+0.13b 4.1520.42¢
1—0.25 mm 1.6320.16a 2.71£0.25h 3.81+0.36¢
0.25—0.05 mm 1.2120.12a 2.62+0.21b 3.52+0.32¢
<0.05 mm 1.57+0.18a 2.83+0.16b 3.85+0.24c¢

NN FRER R 3 2 5 (P<0.05)

AR H AR AR AR A R AR ALK (POC) 43 e LI L2 6., AN [RIMEAF IS [B] AR e A B4R POC 43+ Tie EL 431
ARG o K 21.24—28.65% 20.46—27.28% 25.64—29.16% . [ HEAFIF 6] Y8 Uk A LB AE 2—1 mm
R L BB, <0.05 mm FERIE R 2 7E 0.25—0.05 mm PR 7 BL H A 51K
3.4 SR T A N BURLAT HLAR S AT

AR 2—1 mm,1—0.25 mm,0.25—0.05 mm F1<0.05 mm 75 I8 ] 584 P 0K LR (4 ) BEL2H 43 647 AR
KATHT (L 2) o AR R v ol e A SR A4 P S0 BILAK 75 st 35 2 8 ik 3, AR DR 45 % AT 3R 42 oN Uk A
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Fig.1 The content and proportion of organic carbon in the scattered aggregate of the residue aggregate
MUBR & 1 b e B R R 2—1 mm, 1—0.25 mm, <0.05 mm,0.25—0.05 mm, 78 AR N & Bk A Pl
WSS ALK (Mineral g o, ) 7 1t B i, HF AU P 88 285 UREAT LK (oPOM, ¢, ) , T 125 BURLA LB
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®6 BARLEREPAREFMENE(POC) FELLE (%)

Table 6 The POC proportion of the residue aggregates in natural weathering processes ( %)

P SR A2 WURLAT LB 73 BC LU POC proportion/ %
Aggregate size A B C
2—1 mm 28.65+1.32b 27.28+1.35a 29.16+1.08¢
1—0.25 mm 25.78+1.08b 23.45+1.64a 26.48+1.46¢
0.25—0.05 mm 21.24+0.64b 20.46+1.21a 25.64+1.22¢
<0.05 mm 28.46+1.48¢ 26.72+1.43a 28.12+0.98b

RIRIING S8 3R i 35 25 5 (P<0.05)

XtF>0.05 mm FR AR VEHRIA 5 W) 455 AT HLBK (Mineral s, ) 73 BC HL G B 8, 18 3] 40%—50% , Xt
T<0.05 mm K AR, 6 PI45 G A HLER (Mineral 5., ) 7ML HL Bl 5 , IS E) 40%—45% . L IREEHREN] 0
W2 A A LA i U 11 SR A Py e = B2 A IR AT BILAKG

4 g

4.1 FIRRAL IR o e AT SR A DL BL2H 53 ) 52
TSP RAR IR A A LRSI iy Kb T [F) 20 B B AL ) B MR | ECTRT B 22 B2 E D AR L B — S R A A L
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Fig.2 The content and proportion of particle organic carbon in residue aggregate
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