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AREL, G BIEITE Ni ALV IR RS BCR S5 A R
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o3 A B ECR: L SRR A o0 A, IF
ZUUBIAEE RS, $L0 & ETEUOK R - b A5, ]
B E SRR B IR e 2 ST 2
A HUT R T2 LASMG B A pA ]
B Ni FlV 2l RS s AP RCE TR, KU
IR R AN 5480 R Ni, V B E 1710 B
K&, FHAHFRS Ni, VL& EVFIARE . 5
AN NiL VL BT RN E EVLIEAT TR 0F
5, SR REACRE PR T4 < g g PR T g
Pl e, BRI, H AT X% 2R 6 00A 48 T Niy
V SHPUT I E EALE M A

JEREY R A SR AP AR A R e 45

AL TIRGY), 1z A T 8 WA R

VTR PRI DL B BT T A A e & T i
BRISEERER, MR BRIE | RS, (e 4R
BT AR EA IS B WHRE
1RO N R4 [ AR E B &R B T, (R EE
(4 B TR a ik . (R, FE R e 35, UL
T UL B KR i i e M 4 Jm e . e fb
AR AR R B KR AR 0
T, 42 I8 B TAT N B M TR BT si), FE AR KR
T A A A B (AL 2 B ZS R R . AR
e SR TR R) pH W R AT AR, T 0 s T
B AEAS %5 F R (09 5 5% (Humic Acid, HA) . BE% T
il X T8 1 & B R (Fulvic Acid, FA) fIEEAE T
R AN B 540 (Humin, HM) . BEUEAE
JEE R 5 TP o Rt e O ML, T A 5
A 41% ~ 95%, 5 A LI R 33% ~ 73%%),
I B HHA B & G B Re A & & . R
TR 425, PR b 0o 43 R 8 - O T B i 4
HARERW, HREA SN E L B —
FARVE TR, Ah, &R B T S5 E a1l
Jo B PN A0 A 2 A E AN S R B 40 A2 4027,
B EOR . & LR, ISR AR S SR B TR
ARSI 5T A TR A o AR SCLATAR R I ge Xt 42,

F1 FEMITRIHEER

Table 1 Elemental analysis results of samples.

S NIV SRR R BN EAE o XHERTATR
AR BCR HEAT U R AN X G40t T REIE (XPS)
1 I A A% i AR 5 i (P C-NMIR) 55 43 17 e AF i 3%
F AR IR BONES LR, o A PSS 4
JEICE Ni, VAEFIYLEER St S g 5L ml, O i e 5 )
JLER Ni, V 5ANURMILE RS 5

1 LR
1.1 SRR

ARSC AR S M AT SRR S SE I bR, kAR
/NTF 200 H o SEEGH Ni BICE AR R (FRUERE T
%5 GSB 04-1740—2004)F1 V A T 2 FF 1 15 K
(GSB 04-1759—2004)3 y [E Z AR HEFE &, Hob Ni
4 R IR A SE 1000pg/mL, A 50 il 1R , A ot ok
1.0mol/L, V & JR IR FE 1000pg/mL, 41 5 A A iR,
A E 1.0mol/L.

1.2 FESER)T %

B | W S0mL RN B0, FEA B0
A 5g SHEER, Z )5 1n) 20 250 A 20mL (1)
Ni LT EAR MR, M LA B O A 20mL 1 V
HOTRPRER W K a0 E TRIRRG AT, I’
FEIRE N 298K, K E K 220r/min, THIRIED 24h,
FiHE 24h 5t ug, B EAR A E T S0mL BedRia T4
TR BRE AL 43 3 25 HM-Ni A HM-V, 5
MR R (S HM)— & IF R e RZ A, X 5
L6 TRES (XPS) A AR e LR (1 C-NMR)
1.3 SHRHIEST BT T4

(DFEZICERST . T A i oK 2 5
5l K 4 5L 5% Elementar Vario EL 1T B G &K 4347
A 7, LLRSAE N AR, AL IR
950°C, i JFAERIE 550°C, Wi 180mL/min, 4
Moo Z A5G C. Ho N fil S, O JCE & 80 22083
A FEMITTR AR 1.

(2)X $H 6 T BETE (XPS) /T SLHG7F H

TERALY (%) ST He
B
C H N S (0] H/C o/C
HM 40.71 2.79 0.65 0.24 55.62 0.82 1.03
HM-Ni 42.82 2.83 1.66 0.14 52.55 0.79 0.92
HM-V 41.46 2.77 1.73 0.14 53.90 0.80 0.98
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O M1 S AR sk, C TN A A B3
i, BB R X & JE T E NiL V B —E Ak
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H S U RE T o A 2, A TSR
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Ni. V & @ %W AE AT s, S8R AL
XPS 4 i E & 1 FrR, 7E45 5 6E 284.8eV M
— 538 —

532eV BT /- SN B B T 3B B Y C. O JT R AF
HEI, HAES HM-Ni F1 HM-V B0 Z A58 32 1 2
3T HM. UEUIFERE R TR L C. O N
T, SRR -8 £ 2 NAMEAYTE
Ni. V P& @ Ve TS 9 XPS Te 458 . M
F2A LR, TR SR R T R A £
CHIOJLE, iFEM & ML 95%, fEHG O &&=
G T, RUMERERE S S AR Z . R
XPS eSS R EHBEEE TG O/C JF+ bk
LNV & B ERAE G, O/C i (B YA Tk
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S U s B B AR R, X SR T R AT
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AT, R, NiL V &RV S RECAE
R b B R RR AT A3 A O, A R RE AR A
At A B e 4
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Fig. 1 XPS full scan spectra of samples.

F2  FERIY XPS SIS HigE S

Table 2 Results of XPS wide scan analysis of samples.

FEMERIE C, O LR (%)

iR o/C
c 0

HM 45.98 52.24 0.85

HM-Ni 43.80 53.43 0.92

HM-V 43.83 53.52 0.92

2.2.2  kESY XPS EHMTEE R
Wik XPS Ge A BER A R TR
TEAVE FHHT S MOAEAETE S BOARXT & &, 8 T %% Ni,
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AHUTA R ATV R, SR A LR C-NMR
T P OR R A AL A R T g UL 3. ARG Ak 2F
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NI IV 2B AE AR A DR S5 o B B 12 55 4%
FIBATERIVE DY, X5 XPS L84 A Fr A,
X2 PR 1 ol 12 6 P B3 5 X B9 R ], PC-NMIR
DA AR S5 4, 048 PN, A0 LT XPS T
vl 22 AT 25 49, PC-NMR 328 A% 25308 B8 o 4 1, 3 e
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Fig. 2 XPS peak fitting spectra of samples.
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3 WABEC-NMR IELANBI)E

Table 3 Attribution of chemical shifts in *C-NMR spectra of huminin.

A 24 T2 (x1070)
F il R—| CH, 12~16
CH,
S5 LR O 16~22
5B ¢ PR A 9 0 P S5 R —[CH,}—CH, 23-32
P R —|CH, [ —R 3236
R —[CH}—CH,
GBI ES, 36~50
AL P T P R R—|[CH,]— O—CH, 50~60
R Koo 60-70
C
R c--o-R 75-90
C
N
T ik @/ 100~129
eI ik G.'C 129~137
C
Tk 5 @/ 137~148
0
AES K @ 148~165
PR Lt o 165~190
8 R-fCEO )
R
/2250 190~220

W BA 57 7 & e B 4R v oy A AR T BCR AT HL T Y
P

3 g
3.1 Ni. VE&EEXEED Cf o xR

TESHIEN

M Cls (53U A 25 5 (8] 2, % 4) AT NiL V
& JE VS AR AT IS , 057 A i AR I e 2 50 B0 38 3wl
CUEMEFEFERS, AR, WHEREN
C—C/C—HOGF B ) . FEEL b AL A 3 H B B
(RREAS, L 55 e e A8 AL B e K, T HAR AN RDE 2
() C T HE BRAS T) s B8 A9 b, 6B N, V 4B A TR
YE G REUS AL IR R 3R 1 C— C/C—H 5 A hie ) 1
B R R B AR R B R R XU, i HLBERR €L O
OH, M T ff JoAth 15 420 BB 1AL & s 389, [R] B R
RMAFIES C FRMZEMBEN NI V &EER
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REAS S I SABER A LT BB R 454

HRAE O1s R 25 5 (18] 2, 3% 4) AT, Ni,
V & BIHWRAER S, SAMEA YRR O TR
FLELFRIEAIEASEAE, Eitdi ik 64.30% ~ 71.70%.
Ni &JREWRAIEHG, A & w3 LT, B
I E AR, R A M TR AR, AR Ni & JE
VR BE i B ER A LT R T Y R R R S TP
C—OH HUEIMr 2, SeAb A B, Ho b 3 sk i Ko
V IR WAEFIG , B i R MR AL, JR AL SAUNE
THEAR, B BN I, BT V S8 I T 2k
IR R A PR 0 PR SEFR FL ) C=0 WL,
BB AySEE
3.2 Ni. VSECN AR RS

FRAE FE 5 PC-NMR 33 43 16 0 A 25 51 (7 3),
FHEIRE 5 AR B RE A e 137 B AR B o Y,
P BETTFRAR S  12 DA SE(E 5) .



553 1 R, 5 BJEITE Ni flV ILFHE XA R 454 15 %425
F4 Cls il O1s ) XPS gl &4 H
Table 4 XPS split peak fitting results of Cls and Ols.
s hE AHETCEIEER & & (%)
JCRIE TLEES
(eV) HM HM-Ni HM-V
5 Tk 284.4 42.01 32.25 31.12
it 285.1 30.61 35.11 38.96
c1 YR AL 286.0 434 3.51 3.90
S
iR STk 286.7 8.09 9.37 10.04
FiHEDR 287.8 4.50 2.41 2.47
824 288.7 10.46 17.34 13.51
PRI 531.5+0.05 26.50 33.03 24.95
O ls PRI 532.9 69.09 64.30 71.70
PRI 536.15+0.1 441 2.67 3.35

(i) L3858 () L AR IET7 R (,°) I S2 55
W () AT (") RRWT (f;,) 4% F Ak A 2
B (f) 7 FP 3R B AR Y R () | 4L 32 TG M
()5 B2 3 B0 R ¢ (f) A0 35 1R L8R (£0) . R 3Lk
(£

H 3 5 AT SHECR R £, £ L FOAEDGE B
R 66.43% ., 15.25% F1 18.32%; Ni 4 J& VA T
VERE, fo R0 AT BN, £ DL, TV 4 8

DA Ni, Vi P8 A H X S A L e 1 2
SEAE AR B 22 S, NI 4 S VA TR 32 R i g
BREEH, V <R IR N S B R D7 ka1, A L,
V IR RO WSEER T Ni BRI Ni, V &8
TERAE G EHTTIR (1) - BRI (f,”) P R
(ROl /0 g o Y S, 000 5 5 k() DR B e (£,) 14
TR EE R, SRR IR £, A e ) S 4 A,
UL 4 SRR AR S B2 B 5  (f,) F

“_\_ Vb N N B N
ARG, fo WS, £ A A BLR A, BREHEDT IR (L) PRI E O 'F H B REMT T 36 ik
HM HM-Ni HM-V
0 50 100 150 200 250 O 50 100 150 200 250 O 50 100 150 200 250
A< 10°) AR (x10°) TE AR (<107)
B3 FESAIC-NMR gl &
Fig.3 '">C-NMR fractional peak fitting spectra of samples.
# 5 FEAIYEC-NMR SMERIE LS E
Table 5 '*C-NMR split peak fitting structural parameters of samples.
e (%)
Eracs H B s P c o % H 0
Jur S Jar Jar Jar fa Ja fa Ju Ju Ja Ja
HM 66.43 39.86 14.44 0.7 12.13 15.25 4.49 10.76 18.32 4.89 10.41 3.02
HM-Ni 67.55 42.16 12.32 8.05 5.02 17.11 7.47 9.64 15.33 3.38 8.65 33
ek +1.12 +2.3 -2.12 +7.35 -7.11 +1.86 +2.98 -1.12 -2.99 -1.51 -1.76 +0.28
HM-V 61.59 38.71 13.98 4.81 4.09 16.68 7.23 9.45 21.73 6.17 10.19 5.37
Ha —4.84 -1.15 —0.55 +4.11 —8.04 +1.43 +2.74 -1.31 3.41 -1.28 -0.22 +2.35

TE: S50 SRR LRI BRI

SIS LB PR LRI 0K

BB S TRERRRIER £ P BRI B SRR
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SN SO A FEE RN, BT NiL VAR
J&, WA LT R 2R AR A B AR BAE D7
b & R B REAT

i LIRSS S EO0, i T AR S R ik L
(TRIFRIRBR L, Xip) « S-S EERREL (C,) . AR TR/
I7 R BB/ IR | B/t Ak AL S A
(3% 6) WA BT S0 4 M AR R 45 F (AR AL DT
SRR RIRTR, WIBER IR S A Bk 2 He (RipR
BRBR LE, Xop) . BRWTBR/ 55 AL AR, (B PIF 3 R
AR, WSR3 PP B R (C,) | et/
Joe S« KRR B3 I IR (R 6) . P 3
AFESD Xop F0 FFITE 0.18~0.23, 5 28 (X,=0.2) JEH
Pk, Y NV R I IROVE TR S 9 A AL

Fo PSS

Table 6 Some structural parameters of samples.

J7 A G5 B LR IR BE SO G AR AE, A R
Ni., V &R B 22 384312545 S35 01
FEEERB(C,) B S IH 2, 6PH Ni, V &8 s i
ARG A 48 2 P S B A B AR 0 e FE R ot SR
LEABL KA, DERH Ni. V2@ 3 09 in A e 05 [ 1K
B2 A LA B ReUE P, TG A LA A R RS,
HM., HM-Ni 1 HM-Ni (% Ji§ i § /55 7 05 A8 53 51 A
0.28. 0.23 11 0.35, ¥iHH Ni & @IS M A S8 1T
AR W RR AL BE ARG, TV 438 T W BOH
7% (e s B KB/ R KB LU ABLREARG, UER NiL V & @i
A RE TS BCR Bk R AR /DN, S B EER A
BT R AN A R A A Fa e AE 2200

FE Al Xop C, PR35 A ik BB/ K Bk e SRR e Stk
HM 0.22 14.87 0.28 4.47 5.07
HM-Ni 0.18 1.07 0.23 3.90 3.65
HM-V 0.23 2.12 0.35 3.54 3.05

s Xl fos Coful V155 BRWTRROS W= £l fuos BUKBRFARBE=( S+ £+ S0+ 1) BEREBRASERRR=( £+ 1) £

4 i

roE s . ONi, V & BB sERE, ¥
AR P O M1 S AR B b, SR 4R
JUE Ni, VIH —ENEIRET . ONi, V &JEi
WAERG, &% E BeHITE S B R R TR AR & 48, AP

SRR RERIA IR L1 C—C/C—HGTHHR) |

SR AR R B R B DURRE , I EL X5 SR RE 2
BER, Ni <33 Ji 13 TR RE 18 ) A8 38 A WL 35 T AR 2 D
RIETPI) C—OH FUHRIBT R, oAb R IE; V & IR i
T80 2 BRI WY A8 3R A ML 5 3 AT A e TR 2 PR
C=0 WUk, i A R AL . OVEHIHTE B8R b
B AR R R IIF i A A A A, BA P
el iy EE LR IR E XORESHIAATE . Ni BB IA IR
EEE WA NE Wi A R, VG A O R e D ik
ZE K, R 2 I VA VR BB ST ik () RIS

— 542 —

B () P E O B H EREMI S FR e BL | #IHR
HIREE I RE R . AL RS E PEREAR . 15 AT Bk
I A RBK R AR N

ARG NI T X FEOEHL TR M A% R
SEIRBRIE AT BOR, 52 T B R OT R A AL
PR LA B 07 %, IR B HLRAE T W HGR A4S
FRRAIE o ARAEA T FE R, A TR Ak 7 545
ARG S, ST AT DL R 2 T4 MR, ey
) FIIELIE b hnsi R A 4 Jm oo 30 MR S5 p 3 25

S

B A SCILE A B b [ O (2R JE 5
SR HL i S A R e R U L SN S U 1 Bl A B
DAL g



%3 AREL, AF BIEITER NIV ISR A R R 42 %

>

Effect of Adsorption of Metal Elements Ni and V on the Structure of Humin
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HIGHLIGHTS

(1) Humin has certain oxidation ability to metal elements Ni and V.

(2) The addition of Ni and V metal solutions can change the occurrence of C and O elements in humin.

(3) The addition of Ni metal solution mainly affects the aliphatic carbon structure of humin, while V metal solution

mainly affects the aromatic carbon structure.
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ABSTRACT

BACKGROUND: Black shales are mostly developed in special periods in geological history. They not only record
the evolution characteristics of paleoenvironment, paleoclimate and paleontology, but also are carriers of organic
matter, oil and gas and various metal deposits. Taking the black shale of the Lower Cambrian Niutitang Formation
in Guizhou as an example, it not only shows the extraordinary enrichment of V, Ni and other metal elements,
forming vanadium ore and nickel-molybdenum ore, but is also rich in organic matter, with TOC content of 0.7%-
14.6% (average 5.2%). At present, the co-enrichment mechanism of metal elements Ni, V and organic matter is still

unclear, but organic matter plays an important role in the enrichment, migration and transformation of metal ions.

OBJECTIVES: To understand the co-enrichment mechanism of organic matter and metal elements by exploring

the effect of metal elements on the structure of organic matter.

METHODS: Take two groups of 50mL polypropylene centrifuge tubes A and B, and add 5g of humin to each
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centrifuge tube. Then add 20mL of Ni single element standard solution to the group A centrifuge tube, and 20mL of
V single element standard solution to the group B centrifuge tube. Place the centrifuge tube in a constant
temperature oscillator for 24h with the temperature of 298K and the speed of 220r/min. After standing for 24h, the
filtered solid part is placed in a S0mL beaker and dried. The dried samples (numbered as HM-Ni and HM-V) and the
original humin sample (numbered HM) are analyzed by element analyzer, X-ray photoelectron spectroscopy (XPS)

and solid-state nuclear magnetic resonance carbon spectroscopy (*C-NMR).

RESULTS: The results show that the elemental composition of humin is mainly C and O. After the action of Ni and
V metal solutions, the relative contents of O and S elements in humin decrease, and the relative contents of C and N
elements increase. The ratio of H/C and O/C atoms is HM>HM-V>HM-Ni. XPS test shows that the C element on
the surface of humin is mainly in the form of aromatic carbon, while the O element is mainly in the form of
hydroxyl oxygen. For C with different occurrence forms, the influence trend of Ni and V metal solutions on them is
the same, which reduces aromatic carbon, hydroxyl carbon and carbon-based carbon, and mainly destroys aromatic
carbon (C—C/C—H) single bonds. For O with different occurrence forms, the Ni metal solution reduces hydroxyl
oxygen and carboxyl oxygen, which makes the hydrogen-enriched and oxygen-enriched functional groups prolapse;
the V metal solution reduces carbonyl oxygen and carboxyl oxygen, which destroys the carbonyl double bond
(C=0). Solid-state nuclear magnetic resonance carbon spectroscopy ("?C-NMR) tests show that the action of Ni
metal solution can reduce the relative contents of bridged aromatic carbon (£,°), oxygen-connected aromatic carbon
(f}), carbonyl carbon (£,°), methyl and quaternary carbon (f), as well as methylene and methine carbon (f}); V
metal solution can reduce the relative contents of protonated aromatic carbon (f,\), bridged aromatic carbon (£°),
oxygen-connected aromatic carbon (fy), carbonyl carbon (£°), methyl and quaternary carbon (f}), as well as
methylene and methine carbon (f}). Both metal solutions can make the O-enriched and H-enriched functional
groups in oxygen-linked aromatic carbon (f’) and bridged aromatic carbon (£°) prolapse from the aromatic ring,
shorten the lipid chain length in humin, reduce the stability of organic carbon, reduce the content of active organic

carbon and reduce the degree of hydrophobicity.

CONCLUSIONS: Through comparative analysis, it is shown that humin has a certain oxidation ability to Ni and V
metal elements. After the action of the two metal solutions, the occurrence morphology of C and O elements in
humin can be changed. Ni metal solution mainly affects the aliphatic carbon structure, while V metal solution

mainly affects the aromatic carbon structure.

KEY WORDS: organic matter; humin; metal elements; XPS; BC-NMR; structural characteristics
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