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Adsorption mechanisms of natural organic matter model
compounds on inorganic minerals
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(Key Laboratory of Environmental Soil Science, Faculty of Environmental Science and Engineering,

Kunming University of Science and Technology, Kunming, 650500, China)

Abstract: Natural organic matters (NOM) play an essential role in global carbon cycles. Their
interactions with inorganic minerals are a very important process for carbon stabilization. This study
used iron oxide particles (nano and micron ferric oxide) and kaolinite as model adsorbents to
investigate the adsorption mechanisms of NOM model compounds with different properties ( tannin
acid, gallic acid, fumaric acid sodium and sodium oleate) on inorganic minerals. The results showed
that the four model compounds exhibited obvious non-linear adsorption on the surface of the minerals.
The larger surface area of nano—Fe, O, may provide more sorption sites, which is beneficial to its
adsorption to the model compounds, but the lowest effectiveness of surface area, showing its great
potential for adsorption.The sorption of the compounds with high molecular weight was significantly
higher than that of the small molecular compounds, indicating their preferential adsorption when the
selective adsorption of NOM occurs on inorganic mineral surface.
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T RIRA LT (NOM) &3k KA LR EZ —, KA 1500 Gt RS M 7E 1 m 112
YRR 2 4%, Bl A i 2—3 1%, REE LR 2 R G S5 S ERIRAGIA AR 0 2Bk AY 3 25k
it e LT T 5 H B MUBRAT it RT3 28 19130 26 WA HILJR 5 JC AL 90 22 ) B0 A R e AR B
PUR A B 5 f e R B A @D IR BF5E E 5 E , NOM 7 JCHLE™ ) 25 1 A0 W JH 2 AR e 1Y
ARy O H AT, XS R R A LS 9 NOM 55 JCHLE™ 4 25 1 A9 £ FAILEE , 1 64 B G A AL A
PORREENE AR AT 3 BB BE K 1 2 R AT RR AR TR, 5% NOM ZE TCHLE™ 9 L 114 Wt B
FEMEA E EERE L.

ARG B DR AE BRI A G R o AR A TR PR RS A MUBRAR L T — A 2 I
(Rusty sink) , JEA3 HLIRA B[R] 577 B — A OB DR 38 T 4R , 99 K BURL A R A 7= 3z i )
YK Bk e A B IREE | H R 2 9K B0k 5 R A0k 4 8 g R Ak Ak AR gk Ak
FERNR AR, LA A W UTR A b | TP B R R A Aok & 8 R AE 3P AT R
B e I T Hea MUY A A A AE WA ReE D T Uk RN AR Y A A R S RN TG
LT W4 53, BRADKR TR LA TR URL B JZ AR E5 A 5 P, o — 5 LL .

T NOM 7 B (25 AL AR 5 4 o0 T R GER T AR ™ 4 2 1T 174 W R R s 1, AR F 5%
PERRBAIAL G Y BT R I TR IR A s SR B0 43 A2 NOM b 35 & i FUIR i 1 P K 21 43 v 1)
FFEWER AT 5 W IN T ARG 201 R 4% A 105 5 /N4, AR SR AR B ek S A 4k S
o Uy - X B — BT ML B RS e PR AT X L, A R R 2% NOM. AW BRFAIL B BRI P8 7 4.

1 #E5S 7 ( Materials and methods)

1.1 SERpR

ARHFFETCHL P K = AL 8k (a-Fe,0,,30 nm, 45 K 99.5% , BilHi 1) ok = Ak 2k
(<5 pm, 46 $>99% ,Sigma-Aldrich) |4+ (3.5 wm, BIHLT ) . NOM B A& Wik 55 BT RR (T) %
BTRR(G) & DI (F) FHBREN (0) (BRI T ) , RS AR 1.
1.2 NOM BAALE Wit 75 W

SRIRRI 1 g BT R TR B SRR AI IR AN, F 100 mL B /KA M (PR #E 2 h)
A 200 mg+ L") NaN, 7 Z 1000 mL,0.45 wm JEEUE, Hil 8 BA LK (TOC) a2 1 ¢- L7 AR L
St £, I 0.1 mol - L™ NaOH 5 0.1 mol - L™ i HCl ¥ H 1 pH £ 6.5.
1.3 bW FiE e g

R 14 S0 B 22 A K - LB 1:20 (R B, W2 W) K5 NOM #5850 A4 49 43 ) e il s A 0 vk B
Bl , BN R 2R 5 9 VR /K- (0.10,13 .19 .26 .37 .51 .71 100 mg-L™") |2 I PATRE, 599K & 08k
TOK SRR = 08 - AE 15 mL QLR R 25 °C R #EA TN S2 50 P-4 3 d J5 , B0 B 43 25, TOC
SIHTASCINSE FIE WY TOC DAfiE NOM AU & ) 9k B8, e 1T 8uHiE , 2 NOM 1E o HLE™ H 3R 1 1)
UIERITEES
1.4 Fdusba

R ST 56 3R 22 ) W B S50 2K, >R A Freundlich | Langmuir , Polanyi-Manes 1584 X 0 B4 64 7405
3 PRI RN

Freundlich #&7 , IgS, = lgK,+NlgC,
Langmuir #7 , S.=8°C./(1+bC,)
Polanyi-Manes 57 . lgS, = 1gS°+ Z(RTIn(C_/C,) )"

ALK [ (mg-g™")/(mg-L™")" ] K Freundlich W5 %0, N 4 Freundlich JEZk MR %S, (mg-¢™') MK
R o5 [ AH W B B, € (mg - L") Ry i B v A R B 5 S°(mg ¢ ™') A Langmuir F1 Polanyi-Manes 15571
AR B 5T e R B 8 b (L-g™') 2h Langmuir WM REGRTIn(C/C,) (kJ-mol™) g R Bt ey #4 Forp
R [8.314 x 107 kJ-(mol K) '] M BE /RSB R, T(K) WAIFILE; C (mg- L") NIEME,Z M a X
Polanyi-Manes £ %4 [0l & 244
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Table 1 Selected chemical properties of model compound

T " . e
REEY) = 2 Uiam o S i Y T2z 2R
45 (25C) . .
Model O . Molecular Chemical Chemical
Abbreviation  Solubility/ . )
compounds o eight (Da) formula structure
(g-L7)
HO
HO
TR T 300 1701 CoeHsy 046
WETR G 11.2 170 C,Hg05
Na* o
o
W IR F 68.9 138 C,H;Na0,
\
O
(0]
0}

RN 0 100 304 C,sH33NaO, &ma

LB BRI AT ] e 2R R, ORI T HAR.
_(m—l) (1-r%)
m—n—1

A, m SR IR B R G n RIS TR R SR

R =

adj —

2 éﬁ%'@lﬂ‘ﬁ:\,( Results and discussion)

2.1 TCHLE YR RIAL 5 W) R SR AR

T P FRAEZE R /R nano-Fe, 0, \micro-Fe, 0, L S iyl 146 3 4 i A Bk Ul , HAPLTE S
D RITEA TR & B EEBAR (3R 2) AR T micro-Fe,0, Ll K& 1+ nano-Fe, 0, JF 5 A R I
GRORLI K HE TR (39.83 m™ g ™) , AT R DA S Ht i 2% 2 () SRS AR T8
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®2 ORISR A HLAL T R AR T LR R AR

Table 2 Elemental compositions, atomic ratios and surface areas of model inorganic minerals and model compounds

TR

§ Elemental compositions/% [
FE A4 FR i} . )

. (N+0)/C 0/C H/C Surface area/
Simples I

C N S H 0 (m>g™)

nano-Fe, 0, 0.22 0.04 0.20 0.69 1.53 5.37 5.22 37.6 39.8
micro-Fe, 0, 0.06 0.09 0.32 0.44 0.20 3.79 2.50 88.0 0.92
e 0.07 0.09 0.28 0.42 3.34 36.9 35.8 72.0 4.32
HTR 45.7 0.15 0.14 4.13 49.8 0.82 0.82 1.08 —
BETR 45.2 0.03 0.06 4.28 50.4 0.84 0.84 1.14 —

& DA 30.3 0.01 0.11 1.46 68.1 1.68 1.68 0.58 —
TR EA 68.9 0.02 0.02 5.32 25.8 0.28 0.28 0.93 —

BT IR T A PR S ARG B, B TR LR AR B, W M 28 SN R, AR o 1 i)
25 5% BT IR 20 T2 R IR 10 A5 & RN AR 84 73§ N BAEAE — DRI AU, 2 IX
SAE TR B RS D R K BE P Bt i ST R 73 (N+0) /C L0/ C B FE B AT AAS BB M DA e BRI P S
IR ST TR ~ BT IR > TR AN
2.2 BAEMEGYITETCHL P35 i W R A5 TR 2k

BAMEE W TE A W TC L9 b i 0 B S5 2 an 181 1 Bz, 52 36 B0 23 3 R T Freundlich
Langmuir , Polanyi-Manes % 3 FPAE RIS AN A9HLE S50 0L 3% 3. F Freundlich Fl1 Polanyi-Manes {11
A B AR 2, R I T B R AL dej FEATE 0.90 DL AHX 1R 2E 7 A 2 L5 A (& 2) , 1 Langmunir 451
F PR 462 YR £ 1) T 9 T B R KL R, TE 0.764 LLE, R IR 25 00 i B BN R A6 (B 2), [T
Freundlich 1 Polanyi-Manes #BIXT A5 2 HAT B AP AL G RCR  {HJ2 B T Polanyi-Manes f8I47 3 %
B, ZH S R I 22 KR, AR T HLH 087, 805 Ze0 856 T Freundlich #1445

@ JKEALEk nano-Fe,0; O K& LS micro-Fe,0; W i1 kaolinite

551 A 451 g
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Fig.1 Adsorption isotherms of tannin acid, gallic acid, fumaric acid sodium and sodium

oleate on nano-Fe,0;, micro-Fe, 0, and kaolinite, respectively
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Table 3 Freundlich, Langmuir and Polanyi-Manes model parameters of sorption isotherm
HRL A FALT ) R3y; Freundlich #l&
Model Inorganic Freundlich Langmuir Polanyi- Lok v Ky
compounds minerals & ey Manes & o (L-kg™)
nano-Fe, 0, 0.964 0.929 0.978 4.18 £0.03 0.28+0.01 905.19
KPR micro-Fe, 03 0.966 0.921 0.974 3.32 £0.29 0.28+0.01 124.95
s+ 0.920 0.905 0.941 3.24 £0.02 0.1120.01 53.45
nano-Fe, 0, 0.962 0.885 0.965 3.74 +0.02 0.20+0.01 240.34
B TR micro-Fe, 0, 0.966 0.891 0.964 3.14 £0.02 0.2020.01 60.37
s 0.831 0.950 0.852 1.03 £0.13 0.730.08 3.73
nano-Fe, 0, 0.955 0.933 0.957 -1.29 £0.23 2.57£0.15 23.84
RN micro-Fe, 05 0.981 0.954 0.984 -0.82 0.13 1.88+0.08 4.73
(1 0.986 0.976 0.987 -1.04 £0.11 1.9720.07 4.06
nano-Fe, 0, 0.943 0.764 0.939 4.61 £0.02 0.1420.01 1408.92
TR SM micro-Fe, 05 0.938 0.873 0.946 3.17 £0.06 0.36+0.03 120.96
s 0.904 0.939 0.927 2.80 +0.09 0.58+0.05 122.02

. C, =50 mg- L~ BB 5 W B R4 K fE. K the simple adsorption coefficient at C, =50 mg-L".

T €. = 50 mg- 17" I} A9 BRI R 2R 80 K, 77 Bt LA i s AR AR S AR 4 VM, B
YT R BT RR AN R R E R B W A AR L v (PR T R AR R 48 K07 0.11—0.28 Z (], & TR
ARLAESEELAE 0.20—0.73 Z [H], R ENARLE MRS KOAE 0.14—0.58 Z 1)) & Sy 14 182 B 458 i 2 1 Al 26

FREL N AEAAE 1.88 LI SR & SR TCHLE Wy ik 2 )2 WS

012

Relative error

-0.06

Relative error
(=]

-0.05

-0.10

Freundlich

32
lgCo/(mg-L™")

[~ Polanyi-Manes

04
leCo/(mg-L ™)

0.6 0.8

Relative error

21

-1.1

* Langmuir

2200

Co/(mg-L7"

@ T-nano-Fe,05

O T-micro-Fe,05
¥ T-kaolinite

A G-nano-Fe,O5
B G-micro-Fe,0O5
O G-kaolinite

#® F-nano-Fe,0;

<O F-micro-Fe,03
A F-kaolinite

¢ O-nano-Fe,04

® O-micro-Fe,04
O O-kaolinite

B2 PR R TR SR MR A I E K AL B ROK AL BRI
IR RS AR X R 2, AR R 22 = (T {E - L () /UL f

Fig.2

micro-Fe, 0, and kaolinite. Relative error =

Relative error of tannin acid, gallic acid, fumaric acid sodium and sodium oleate adsorption on nano-Fe,0,,

(Predictive value - Observations ) /Observations
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2.3 TCHLA W IR P RS AL 5 1 W R ) 52

4 FRRIE A YIAETCHLE )L B 5 2 B0 R nano-Fe, O, W B 5 i A B4, 7T g -5 LA g ) HE 3R
BUA M AR 22 2 TohL e AR S5 R, 3 FASIR) 2 B TE AL ) 14 1L 3% 1o B R AT e 1l 22 S 1
P 3O [EIARAE (S, ) MUHTHER MR (SA) ZEAT T AR HE AL 1 W B S5 TR 2 AR EAL AT 45 R 271, nano-Fe, O,
FR I B R AP , R WG L 2 TR AR ) A R E R, B PR ik Se A TAL S ) T0 Ik N nano-Fe, 0, R 5 1R A
FRFLBR " imicro-Fe, 0, B4R LR M RURAR , (HH X 4 R w0 A 4 04 W BAE S 38 e 1 g 0 =, P 28 1 AR
X B HEATARHELL LA, micro-Fe, O, % 4 FA5 B Ak 45 1 14 W82 B Al 285 i3 T e i . Fe, O 119 2 T 7% 1
(LN NOM (W B 2] 1 Ak 22 Ve FI ) DG, JERL™ 4y 3% T 3R A 02 52 e A L 7 HL 3 1T 1Y
A o ) 2 PR R

@ Y& frsk nano-Fe,0; O BK&UL4% micro-Fe,0; W EIL + kaolinite
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0.7 12 17 22 27 32 0.7 12 17 22 27 32
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@) 000 o
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= S 27T
g LT g
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e © © o o® © % © 000000
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B3 RTR(A) EAETRR(B) W SIA(C) M (D) FE4K ARk
TR S BT e L A 25 L 2 ([ RH R SR T BET J5 85I 5E B9 L S 1 AR AL )
Fig.3 Adsorption isotherms of tannin acid, gallic acid, fumaric acid sodium and sodium oleate on nano-Fe, O,

micro-Fe, 0, and kaolinite, respectively. Solid-phase concentrations were normalized to the BET surface area

2.4 AL A YR A R R O A JOHLA™ 4y 2 1 5 B £ 52 i

WP 4 Fros 4 FEERUAL S WITE 3 FhIJCHLEH b A i BRE AR 52 BOR 23 5 BB A6 5 ) (BT R 19 IR
B B TNV TR S Y (B TR SRR ) R BLR , UL 12 3 (e TE AL W) 3 A I
T S S| A 1 e B 7 1 i s | 9 =R A 7 B R S v N VS Sl S BN e i = )
153 AT REA KB S TCHLE WA EAE IR TR, S ECA L 7507 My 2 18] i 45 5 AR W AR E W T 07 &
PR > TR S W) ST IR &, AR, 07 8K R R R B 2 WO i 2, 5L Wy K
FEILAE Ty b A P B R TG (v A8 e 4 T R IR Y W BT Ry T RE IR 4 R s A A R R S
TETEHLET ) F 0 E B0 B2 SRSB4 . R, R 04 22 /K 0t T 5 TEWLT 4 3Kk S T i Uk
NP FRETIME G YA IO B L AW R LS, U B SRR, X F2 2R RO JE B AR DT /N 1
JRICIEALFEAETHLT PR 6, R 455 MR A ) 5 e W R AR LR 0 A AR i m i
T SRR AR TG R v, 49 208 A — A a9 R R e IR B AT DR AR SR A A 2y



570 7N 5% 1k 2 36 %

A EBE ] 32 2R AR AR e e rh ATOH W B s 1222 PRI, 55 A IR AR B AL 5 W ) PR 5 g e
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55 A 45 B
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Fig.4 Adsorption isotherms of model compounds on nano-Fe,0;( A) , micro-Fe,0,(B) and kaolinite (C)

3 4512 ( Conclusion)

(1) AFIPEB G NOM AL 5 Wi 1 Vs gl e 0y U 4 A0 28 2 W BT A ) 2 1, #6012 Bk P
FRLAE. TCHLE W3R TR XA A5 B B B AT B B, K SR A BRBR Y LU SR T AR AR A 2 it B
22 (R BT A A R XS TR A 45 1 4 I

(2) RIF TR 5 W W B 2 35 i T/ AR RAL 5, BT NOM. RO BE T AR5 W) b R 140
S 6] T BETEAL IR T, X — PR 478 NOM FETCHLE™ 4 2 Th0 & A= et W B ek, A3 7T RE ARG S8 I
IR
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