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B R P 25 (THSS) HE 45 1 br o 7 1 S 1, 4lifk + 3 v
AR (JGHAD FlE BLiR (JGFAO . 4lifb )5 (1)
JGHA F1 JGFA VR T If 47 T TR & th IR 25 .
=1

& I Z 4 BT i (Elementer, VARIO MAX C/N)
BE B 3 35 /A RE OGBUR BT & 4853 5 41
Br IGHA Fl JGFA (703 4 R AR X 43 it o 5 R
F Ba COH), #il Ca (CH; COO), [A] $2 % & 325 I &
JGHA H1 JGFA Bt & e & &7 . 46 i o e
FAMESF &R 1, HZE CO, BaiKELHl 2.0 g/L
fE5 W (JGHA M JGFA) f# % W, JH 1.0 mol/L
NaOH #755 pH>9, I8Pt 24 h o % 8 58 2 5 &
BERIE B A T 5 C IR . HAlE
B R V5 VB 20 v 22 A 5 VRS TR AR B

Bl AR E AR

Table 1 Basic properties of humic substance studied

JTCRA/ % 3 B /ku 2t e/ (mol/kg)
=]
il Elemental composition Molecular weight Acidic functional group
Sample
C H N (0] S M, M, Qcoon Qon Qo
JGHA 51.31 4.07 4.14 38.96 1.52 69.8 38.3 2.92 3.05 5.97
JGFA 32.53 3.11 1.31 61.52 1.53 2.6 2.4 9.37 3.22 12.59

1 Note: M, : T 4> T i it Weight-average molecular mass; M, : 83> ¥ fiiit Number-average molecular mass; Q. : A2 VB AE

[#1 & & Total amount of acidic functional group; Qcoon : FR % & Amount of carboxyl group; Qon : ¥4 & % Amount of hydroxyl

group.

Z M Ogino % )5 B & BT f# 41 (CaCOy)
2 CO, ¥4l Kl # 6.7 X 107 mol/L CaCl, .
1.3X10 * mol/L Na,CO, , fif#: 54 F i N, 0.5 h,
$£1 250 mL CaCLEW AT 3 100 mL Na, CO, % IR
BIEHHEE N, 3 h, #E R IUIE 56 2 5 B0 W ™
WoOHZEBMKBER™ Y2 LERE 5 F <20
pS/cm B R THRE S T TGP IRASH . X
ST S (XRD, Bruker D8) #E 47 ¥ A1 % 5 ,
%MK :Cu Kau R 40 KV, B 40 mA , 44 8
(20)10°/min, 78 Fl (20)5°~80°; iz FH 49 41 H 45
(SEM, JSM-6390) i #% ft #E 47 I 3 WL %€ 5 R Zeta
B A A (ZETAPALS) Al BET-N, W B 32 43 501 ) &
FE 5 4 B & (isoelectric point, IEP) F1 [t 32 10 R
(specific surface area,SSA),
12 LW EHERDH

1) S5 R B . A5 TR B SE 30 7E pH=9.0£0.1,
0.1 mol/L NaCl 32 #F B3 fi# Bt 55 144 T i 47, JE A IR
Bl 0~100 mg/L,JGHA #l JGFA K &
CaCO, B E 20518 3.0.6.0 g/L. B FHEH
250 r/min, (25+1) ‘CH¥ 48 h J§ 12 000 r/min &
> 10 min, BUE & FIH W HCL R Ak % B CaCO;
H BTG WL 23 AT L (TOC, Analytik Jenamulti N/C

3100) W 7 ¥ W TOC & . M JGHA 1 JG-
FA i th 4t 8 P45 /5 TGHA 1 JGFA 1 5%
Atk Lh J CaCO, X JGHA 1 JGFA By WL [ 4,
JGHA #1 JGFA (100 mg/L) W& B iy =5 A1) F % &b 73
T UV 7598) R & 400,465,550, 600,
665 F1 720 nm AEMOGE . FEATE 465,665 nm bW
S5 MM E L EsRoR IR E/EH.

2)pH WK, pH WM LR IT=0.1
mol/L.pH=7.0,7.5.8.0.8.5,9.0,9.5.10.0,10.5 F
11.0 22 45 B A [A) ot & ¢ 2 JGHA F JGFA & Ca-
COy F W B T8 5 R J5T £ ¥k B2 4391 A 20,40 Fil 80
mg/L.JGHA Fl JGFA f& & CaCO, it & ¥k i 53
BIR 3.0.6.0 g/ L, HoAth 5 55 25 B 55 45 iR W B S 3 —
. I 94 B S A8 S AR e 21 46 O (ATR-
FTIR, VERTEX 70) X A[Al pH T CaCO,-J 51 iR
BAWIEAT A0 RES T 200 WL HHEEF 600 ~
4000 ecm 'L EEER N 4.0 cm L,

3)CaCO; ¥ f# S8, pH=8.0.0.1 mol/L NaCl
SR 4% 100 mL JGHA F JGFA 5 4 v B2 43 3]
9 0.,20,60 F1 100 mg/L) & F H 3l A7 1% 2 1L i
-7 836) Je it . (25 + 1) C N N,. H
NaOH s HCI # %5 pH % 8.0+0.1, fF HA & )5 .
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A0.1 g CaCO; Jig 3z RFa 17 #2 J7 JF1H B, 7E 0.5.1.5.
4.6.8,10,15,20,30,60 1 90 min B 6 mL & it
0.45 pm P8 B, I JE F W 0k 4 O O BE 1 CAAS,
2-2000) I 52 JE W Ca®" ¥ B, 40 B I A R vk R X
CaCO, I i 52 WA, 53 A1, J8 Bl R 0T+ Yk FE 2l 100
mg/L.0.1 mol/L NaCl &1 F .1 pH £ 7.0.8.0.
9.0 10.0,% %2 pH X EFE R i CaCO, HI5EM

2 HBRE5SM
21 HkBEREAMR

e AR T R AL, ¥ LL COHLO 2 &
Hrp,JGHA B C.H. N & 38, 1M O & &85,
THESHERMYGE D, JGHA B H/C.(N+O)/
C A (0.95,0.64) /NF JGFA(1.15,1.45) . 1 B H
Oy F 05 B AL R R . HOELA R A B K
JGFA 1) O/C Al (1.42) KT JGHA(0.57) , £ B

A AR B 21 00 oh O R B 2 R OK AR B W R
RIR & A Y . JGHA MM TR K, A
Gy BB Ay M B, L E Ay R (M, 69.8
ku) EC 4> F R (M, ,38.3 ku) R A ds % (M., /
M,,1.6) ¥ KT JGFA MW H 53 3 K 2.6 ku.2.4
ku,1.2) (£ 1), JGFA B R ¥ 3 H & & (12,59
mol/kg) B 8 = F JGHA(5.97 mol/kg) , H DI &
(9.37 mol/kg) W E ;1M JGHA hRESRESEM
MR D,

G HUE YR XRD KIS A, FRAE AT 55 0% d {8 5
4 0.304,0.249,0.228,0.209,0.193 #10.191 nm,
59743 (JCPDS 01-086-2339) 47 i [ i S A — 2,
U5 B W o Sl AR O R A (B 1A . P
Bi (SEM) [ 3R W] & Wl filt A 52 A8 B0 Sz g5 IR
(F1B), A rffA RN 0.96 m* /g, H 4
ML sS4 pH 9.0,
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22 FHEAX JGHA.JGFA H IR i
pH=9.0.1=0.1 mol/L W, J5 fit &1 %f JGHA .
JGFA % %5 i W B ith £k (&l 2) 45 & Langmuir 77 &
(R*>>0.95) . 4 JiF 5l % Vi Ji 5 AV 1), 5 fifk Ay 3% 1T W
B A7 855 A A T o 7 e A X S TR 114 W o ek i T A7 vk
JEE (1 18 R 2 DR TR L i T R YA R
R HE — 25 18 K, T il A K B T TR 1 R P ek 2% 1 14 fin
JE kAR, S5 R B i 2R ks T 2R, O A 6 R
WE JE W J& 78 B ( Suwannee River humic acid,
SRHA) (1) W% B 75 A% JiF 58 B2 W B B £ &5 Langmuir
W R o G A e R v B R B A R A Y
b e i ARG T R g K A2 P R R R X
AR A1 K A HIL T A W B BE A AL T R
(38 52 G Z6 MmOy g A xF JGHA A
JGFA Y fie KW B & 73 591 o 13.3.6.9 mg/g. L]
J5 g4 % JGHA W [ 66 J15% T JGFA, k. A Hl

80

AR A RAK XRD(A)F1 SEM B (B)
XRD and SEM pattern of synthetic calcite
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Fig.2 Isothermal adsorption of humus

acid on calcite and fitting curves

100 mg/L ) JGHA 1 JGFA %% J7 fift 41 W% Bff A
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JE W SEE 1 3 ras . IR 3 ET A, JGHA Al
JGFA 8577 fiff A7 W B 115 6 25 A A 19 W6 B 3 K
T B 2 BA 0 BRI RE S R R TR S
JGHA %W AE 45 % K Ab 9 WO BEE 3 K T JGFA,
T JGHA &k E KT JGFA, 50 E ot g i}
(K D—3., E,/E; WA R 55+ & 15
TIE BRI, 5 ARG 43 7 50 19 RS /I B A7 AR OGS 7T A R 1T
W5 BIL Y I A A R B Y AR AR O R A T R
JGHA Fl JGFA #§ E, /E bAE 43514 3.69.4.33. 1
INF IR IE (13.77.23.51) , d WA O i A 30 5 ek % f
RT3 5 o 1o 1) JE B TR 4 1 {68 45 W R 5 s
Ji BE R 53 F W 45 5 FEREAIR

—= JGHA
0.6p —o- i A R W 9T G HA
Unbound JGHA alter adsorplion on calcile
0.5- -4 JGKA

2 JifE AT AR I GRA

Unbound JGF A after adsorption on calcite
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Fig.3 The absorbance of JGHA and JGFA and the
unbound JGHA and JGFA after adsorption

on calcite at different wavelengths
JfgAaxE JGHAJGFA 9 pH W B il 8 an 151 4
I o MNIEL 4 v Rl T, J7 fifk A0 % J65 B R 1) TR Ff i 4%
W pH Y T i 2 A 2 WY R R B AT pH
AT . 3X 55 07 il A0 B2 JE8 B I 3 T WL i P ot 4 %6 A
0.5¢

0.4}

03¢ pH10.23

0.2F

0.1f

Y6 Absorbance
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x, —HH . TEA Zeta EALHE pH BT & M & #
RaALR , L 3R 1 T Al 1 P fr 00t 0 /> | T 670 P Ay 450 1Y
TN S — T 6 G R % TH R R B AR 1A i s R
BE pH 1 T e 1 4G R, 2w H far g 4G ot
I BEE AR pH W T 5 A0 5 8 Bl R 22 [] (1) #
FL 5| TV 3 3 055 T e L R A R b L R
FIF 7 fi A 5 IS SRR (JGHA F1 JGFA) (190 fff

m 20 mg/L JGHA

A
21F A A @ 40 mg/LL JGHA
A 020 mg/L JGFA
&g 15F A 0 40 mg/L JGFA
& = ) A 80 mg/l JGFA
§2 12 * o A
2 T 9 [ )
X< S oa A e Y A
6 WAmo o@ ° A
0o o © I A
3r O opg M4 é. 0
d 5 ]

7.0 75 8.0 85 9.0 9.5 10.010.5 11.0
pH

1=0.1 mol/L T pH Xt 77 % 5 W% Bt &S JE B2 Y =5 M)
Fig.4 Effect of pH on adsorption of humus

& 4

acid on calcite at /=0.1 mol/L

R pH 4T CaCO,-JE il 1R 5 4 W 19 2 0
4 S S AR 2T A (ATR-FTIR) W&l 5 B
. Hor, 876, 1 421 cm ' W Uk W 4y B XF R T
CaCO; 1 COZ HAMEIEIR BN FI C-O A X FR A 4
2151 636 cm WIS X R F JGHA RTJGFA
HRIE LI C=O A XFFR 45 Ik 2 2 05 & 36 10
C=CM45 IR 51" 53 450 cm ' W Wi i Ay W B /K v
O-H fégiezh =, B pH EM T+ 5 Jr g4 R
XTI A B2 (JGHA 1 JGFA) By W B 32 7 k>
(WO FHEEYTETHEAK 876 cm ' FI
1421 cm™ ' MR iri B 253 0 (1 5)

Y6 Absorbance

T000 13500 2000 25003000 3500 4000
WH/em™ Wavenumber

A:JGHA-CaCOs3; B:JGFA-CaCOs.

5
Fig.5

AR PH TEEBRSABEESYHRE S RAHE L TR KRE

ATR-FTIR spectra of the humus acid-calcite complex at different pH
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pH 8.0.1=0.1 mol/L &M~ , A a5 & ik &
JETE R (JGHA JGF A IR 7 J7 fiff A1 04 15 ik 3o A8 it
LA E 6 BT w4l R (JGHA , JGFA Y I i ik

x 0 mg/L
m20 mg/l. JGHA 020 mg/L JGFA

060 mg/l, JGHA o 60 mg/L, JGFA

A100 mg/L. JGHA A 100 mg/L J(A;FA A
11
A
10 A2 o 8
. AA . 9 o »
—_ A w
ELIN S -
£° 85c§? = -
~ ©
= 7o u e
&1 & 8 m " o A
4 2 6 ] A
o © [ [ ]
(SRS} e® .4
5 l.. LA
o4 *
4.A‘A
3
0 1000 2000 3000 4000 5000
I fA)/s Time
B 6 1=0.1 mol/L,pH 8.0 FEHEE

REREXNFTHRRBRBRHZNE
Fig.6  Effect of humic substance concentration on calcite

dissolution at pH 8.0 and /=0.1 mol/L
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I 1f]/s Time

0 1000

B0 mg/L), A ERBK Ca" &N 9.5
mg/g. JGHA (K FR v, 5 fift 41 1 il th 1 Ca® " B
T aifk &, BB JGHA i % EF (20,60 Fl 100
mg/ 1) BY 3 KWW /N (8.7.7.1 Fl 6.6 mg/g), Ui B
JGHA H0fi 77 fift 42 0 fde . ELAMHI/E I BE JGHA ¥
BB R B . JGFA TR R, i A v A Y
Ca™" B m Talifk R, HRf JGFA Jit & B (20,
60 1 100 mg/L) B3 KM 34 A (10.1,10.4 1 11.5
mg/g) » UL JGEA fi& i J5 fift A1 0 % ik . B4 A
BE JGEFA He B2 (43 KT 15 548

JEFEIR JGHA JGFA) i B4 100 mg/L.,
1=0.1 mol/L &1 F.pH % JGHA . JGFA 1k & f
Dy A B s g 7 i, M R R pH
) Th i iR H e s /b i OH - 2 7 3 . A
ARG T 07 A . BRIE L JGHA L JGFA R R
TR AR Y Ca?t B Y BE pH A T = T
BHETREAR . M pH &0 F . A Ca®'
MR JGFASJGHA W JGEA A T )7
it A1 O A

14 B
12 .
oL
FERUIT A
= R R s
8 = AL
J;IX}IH.":;’ 6‘AA‘A - * *
Y% S 4k « ¥
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Fig.7
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3.1 J5RRA X RS SEER A R PR E R

e 1% £ ¢ THT 522 W o 326 46 P VAR R B
KD, HERE AR L JGHA 9 H/C.(N+O)/C [t
HE/NGR 1, Hor 07 B AR B A HLA B0
B KPES . {H Christl 870 % 31, B 65002 1 42 3 L
BRI Ca®" B4 & H B logK (—1.37 f1—0.43)#
KRTFEHRR(—2.13 f1—3.00, WL, JGHA 1R ¥
EREM S5 K Ca® 455 RE 158 T JGFA,
XA AT JGHA T8 7 fift 47 22 100 19 W B . i 25 W B
(R HE— 25 R AT L O i A 2 T 4 o SR KPR AR BB K M

BEBTFE T pH X 7GR ##

kAl

Effect of pH on calcite dissolution

AR T 3E— 20 W B K M AR B JTGHA, H I,
JGHA TE J5 fife 47 3¢ T 19 W B & (13.3 mg/g) KT
JGFA(6.1 mg/g) (Kl 2), Jifffa X/ T RIR
P 2 B Conmool/m® ) Bl S 4 - 22 35 550 1) 5 i ifi
REAGH . SR, JGHA FH X 4y F B 2 8 JGFA K
(£ D HAEE KM= EAESY, Fi, R4 JGHA
() R M 2L A % (5,97 mol/kg) B 8% T JGFA
(12.59 mol/kg) (£ 1), JGHA 78 7 fift A1 2% 11 1Y W
B (0.2 N /nm?) H /N T JGFA(L.8 4~ /nm?), .
HZ A — DR g 2290

i3 5L TR A A ) 2 T 114 W B 5 71 BT g R B
i EL 5| 1) P R R B R AR 4 Y pH R
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SR 38 Bk AR T A S B R 3R T P A T SO T
Z B W B VE S . AR FR pH R T 5 il A1 55 L R
(pH 9.0) B, J5 fift A7 2 17 LA IE HiL 47 A 3=, 9 3 22 i) LA
L 51 1SR T 3X R J BE R A 5 il A 2% T 1Y) A1 el
B 5 HE AR T T, R T S 300 oA R R R 1 3R AT 5 B pHL
f T R PR A 2 T F R D B R 5 3O R X
JGHA 1 JGFA WE Bt B i fe Ak, Bbah, B & 7k R
pH FIREIN, 76 & i HE R 0 B9V T 6 A R L O
MERIE S . B LA, M F JGFALJGHA 1y 25 [a] 4
BB 1A 2R pH B TH & i i — 20 3 ok, A BT e T
fif A R TH Y W R . PG, pHOX 5 i A B JGHA
5% 5% F JGFA, Wik pH 5 Bl W Agiena >
Aqieea s B Aq Bl 1A 3 58 1R VR BE 19 T 5 1 48 K
(® b,

3.2 BRI 77 A B A R

D5 AT AE K (80 A AL TR 7K 43 Je W BT
fif AT BT L B R RS PR A 1L 5 O i A R
COY RIS EORE Ca™" [ W T 7 it £1 %%
fE . MW R Ca¥ W E KT (1.0 £ 0.2)
mmol/L(8{ 32~48 mg/L) W, Ca®" A /E N & 58 iR
(JGHA A1 JGFA) (A g A2 H AT RO B Ca®r 1Y
Pre/E IR R pH Thm misg s . R R Ca®'
R B E R 13.2 mg/L(100 mg/L JEFH R . pH
=10.0,1=0.1 mol/L) , K1, J5 fife A7 %5 fife 55 5 Hh AN
KA JGHA 1 JGFA A %,

A AL A A I S ) 5 R A R S A, RO T
AHLBCAR BB RRPE . 7E B R R ) % 1 5 I ) A
MLE AW Cln AR 107 2 PR 1R 3R 6 1) wI LU 1 O f A1
MV R, Jin S8YSIE ST, O fif A0 X o T R AN
30 ku H AR BT Y 2k £ E W B T A B
fi#% . JGHA AR 43 BT it K (K PR 5 o IR
T A0 F TS Y 8 — 2 R A B DT B K 5
fift A1 08 52 L, HE T ORE 7 A 0 U i R AR
(E 6) . /INor T DL 3 1R PP i R ) ) BH B
THEAF(CDTA.DTPA .EDTA %)™ #7] i 1 %
B RARTR Ca™ 5k Ca™" (1 5N M, I f2
P YRR . JGFA KXo T BN R E g
MR (R DA AEHREZM Ca, W
Ca’ " ¥ RN BE B AT . DA AR 3E D7 M A0 1 35 A (1 6
JGHA FI JGFA X} 77 fif 42 1 fife 0y 410 i 5 42 254
47 I L T v R 1 4 R 4 5, FLAZE I pH YE

W 5 AT R R R T ¥k JGFA > JGHA
(E| D,

iR, LIEW B (JGHA) 5 & B R
(JGFA) AR o 705 M B B BE 41 0 5 BOH 78 i
R K1 40 2 T 1 WO R A i B o Tl 1R I i %) 5 Wi A7
TEW B2 S, I A (CaCO,) Ve W BEF % 43 1
O A 5 R A A AR ) T B R 21 Ay ELOR B o R A
4 Langmuir 72 (R?>>0.95), CaCO; X} JGHA
W B KT TGFA, {H W B %% B2 L JGFA /b 1 14K
2 CaCO, X 5 FE R 1) W B 68 71 B pHL (%) T = 1
W, HOJGHA W R B pH OB 58 T JGFA,
CaCO, 1Y % ff B pH 19 T = 117 B A JGHA 1)
CaCO, N 1 JGFA R 3F CaCO, ¥ s JGHA
L IGFA Xt CaCO, ¥ i 19 52 1 Fifl J65 58 12 vk JiE 7y 434
K ag . A5 R U, 85 Pk 5 JC LA [E]
49 AH AR R T - 498 0 R Bk B 3 PILE I 43
TR JCE BRI L. FSRAS A B T R 1
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Interaction process between soil humic substance and carbonate

HUANG Chuangin  XIONG Juan CHANG Minghui TAN Wenfeng

Key Laboratory of Arable Land Conservation (Middle and Lower Reaches of Yangtze River) ,
Ministry of Agriculture , Huazhong Agricultural University sWuhan 430070,China

Abstract Knowledge of the interaction characteristics between soil humic substance and carbonate
is important for better understanding of the coupling relationship between soil organic carbon and inor-
ganic carbon.Soil humic substance from Jiugong Mountain in Hubei and synthetic calcite were selected
for studying the adsorption of humic acid (JGHA) /fulvic acid (JGFA) on calcite and its dissolution
process. The interaction characteristics and influence factors were illuminated by comprehensive analysis
of JGHA/JGFA before and after adsorption and JGHA/JGF A-calcite complex. The results showed that a
preferential adsorption of humic substance components with higher molecular weight and complex struc-
ture on calcite surface has occurred. Sorption isotherms of JGHA/JGFA on calcite followed Langmuir
type behavior with a correlation coefficient R*>>0.95.The adsorbed JGHA amount was higher than that
of JGFA.The adsorption density of JGHA was far lower than that of JGFA.The adsorbed amount of
JGHA/JGFA on calcite decreased with increasing pH which signified a strongly pH-dependent. The pH-
dependent of JGHA is stronger than that of JGFA and increased with increasing humic substance con-
centration. Dissolution of calcite was inhibited by the absorbed hydrophobic molecules of JGHA on the
calcite surface,while JGFA with lower molecular weight and higher amount of acidic functional groups
promoted the dissolution of calcite. The effect of JGHA/JGFA on calcite dissolution was enhanced with
increasing humic substance concentration. Adsorption and sequestration of organic carbon and its stabili-
ty.dissolution and precipitation of inorganic carbon in arid and semi-arid soil rich in cacium carbonate are
depended on the molecular properties and functional group composition of soil organic matter.

Keywords soil; humus; humic acid; fulvic acid; calcium carbonate; adsorption; dissolution
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