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1 REdh R IR B AT HLSE S A0 il 7

1.1 #EmEKR

S BT ARG ULAR IR B R R B RO R Z A RE R AT L, M3 Ak AR - 144, 93°W, 8. 01°N, 7K 5 037 m.,
WABHH T MESERBOTERRE S <2 ym WA MBIEAHBIIRYR v REE; A 30%
Y SRR 2R AT ML s LN T 390 A9 75 R R 25 BR 45 5 s 3% Stokes UL & HEE <2 pm MBEIFWE L 4 000
rad/min ) FEE 0> 20 min, B F7 78 8 KU AR ARIR L T (40~60 C), PR IR R + 4. #3482 17 XRD 3%
B R, P e At &8N 52. 9%,

1.2 ANREGHHE

1.2.1 CEC #gal2

JE 4k Tk CEC B m s N F AR 1 g 284 B9 AT 30 ml B0, L 0.1 mol/L # CaCl IR
¥ LR T SR e PH T R E R Ca® L B LA 0. 1 mol/L #Y BaCL ¥ i A L Ca®* , R Tl 4 S 6 &
THUE BEH TR Ca" W IHEH M B CEC. %L AR L4 CEC{H) 20. 8 mmol/100 g, AT ITH
Yok B B LA W RO T AZ B BB TR T SR B A X E T R OR .

1.2.2 BEF&*

JE bk HRE TSR, DL e = LRI04 (CTMAB, 99. 9% 5 438 4D £ Ry Bk 5 . X IR SE 88
EM IR PR BCR AL TR E T RIB IR B . Tk sk Y 2 308 - AP R TOK ZBE 0 B I iR — E R Y
CTMAB S &, i A df + 4, BFE 30 min J5 FZ KT V%, U ERBEKET YREH CTMAB, .0
DB ETEASTRA N LE 60 CHMT THRE/MNSEHL . LB BT RS A SCLUME R 3 E
(0. 25 fFF 5+ CEO M fi 8 & (5. 0 f5F & + CEO Wy P~A HLAS 4 (43 B2 4E 0. 25-Sm #1 5. 0-Sm)
0 ABON LRI 5

2 EEFETB LMK

ar BRI X SHERAT S (XRD) L 43 B 2% 5 B 7 B 3 B (HRTEM) R f# 57 v 78 e 21 40 S 35 AL (FT-
TR) Xt ok 14 i 9 A o £ 45 SR 2R AL

2.1 XRD

FIAB R E RS EX A R #FT W, 85 . D/MAXTh, WS 8 K40 KV, E¥#i: 100
mA RS % 0. 3 mm, SS BB 17, J2 i +4°/min, EUHESE B (20) :3~70° GE SEETH) , SRRE LB £0. 02°, X
FHE IR :2=0. 150 46 nm(CuK,) .

2.2 HRTEM,EDS ¥ SAED

TR A5 R 4R 205 B9 B LA B 20 B 10 ming, B MG R LT A JEM-2010 #8§ HRTEM K& H
FEJE (9 X 5 2% BB 1% (EDS) 43 BI RE 77 3 X T8 40 WL 28 #0403k 5 6 X o, 405 45 (SAED) R R MU E ™ ¥ 3 X
K&, U3 RE UM S BIHRE AF Jr - IE A E 200, 0 KV 3R : 2. 562 nA; i B8] : 100 s; BE#E
B :0~20 keV. HA,EDS @B TR TR B ARLA Co #1 C M.

T SE AT s LI 5 2 (45 B R TR RS iR X RE 0. 25-Sm I 5. 0-Sm @R L ELT, WS L2
BB T RS AU R U0 3R BE 60. 0~70. 0 nm, R A SUBURE i & ML FER IR A L
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2.3 FTIR

BRI 1 mg AR 4L, B KBr M8 R SHBE, ARG EREH®E R . FH WQF-300 Tl {# 57 48
eSS, 7E 4 000~400 cm L JE Bl N 3.

3 #HRHIWT®

3.1 CTMAB ERERE2A EBYBH

BEABFIE R, b B e 2 R T 35 M) (i CTMABY E % 1268 9 b 1 41 308 7T LA T 3 CECI Y,
Grim SR A R H CEC A LB 7 rDA W L I B E R R R R m™ . CTMAB 7E45 R 197
S5 W B AR AR 1A SR O o BEE T R T BT I A RO T ER PR B TR B 2, R A A R A B A IR MY
Gl i 7o 8 B 1 i e S B 1R B Jot R 0 S50 40 30 A A () 1399 40 B4R SR 2 S B0 IR B 38 m o B bk, 1R e R o B
THEEIS, BEE B FRULE Bk FRAER IS WA SCERARKE  RERH LYY
Xt CTMAB [ 71 8B O i i CEC. XIESCA VL3 P 7 BR LUE T30 07 U AR B35 -0 4 (A
ORISR D RBISN, WA A T AR Sz BRI

3.2 RBERER/ANREAH XRD H1E

JEE + 4.0, 25-Sm & 5. 0-Sm [) XRD # K A7 51 B3 WA 1(a, b, o) , 55 YIRFLNT 51185 F3& 1.

HE lafEB B RE LR PEESERA (6. 427 FFIA (8. 607  mIKA + & A (12. 107, A/ K
(25. 81 A A (20. 24°J% 27. 11°) &5 4, Hap, 5 42 R FRIVIETEE — ERE LR T o kLY
1E o B AT e O 5 R 58 B A A9AT ST AR) 5 19. 25°4k A AT ST e I B 52 B A A7 26 B9 7R il d .

2 ©
i
®
E

14

@

10 20 30 40 50 60 70
EEETFACI

Bl REH+HSRHEANE &R E
a. JEHR - 8E:b. 0.25-Sm; c. 5.0-Sm
Fig.1 XRD diffraction spectra of pelagic clay fractions and their organo-complexes

a. pelagic clay fraction in the original samples;b. a sample for 0. 25-Sm; c. a sample for 5. 0-Sm

M1 &R 1AL AR ¥ (G2 4 LUAN ™90 89 )2 R B 7R s MR R 5 L 308 R A28 4E T A LAk
S S 5% B A (001 ) oY T AT hf U S [ 762 J3E 34 1o UK A JEE 7 1 A 3% - 5X A WL T #E AW ) 7 J2 (6] 34602 (6] B 4%
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KRR, 7EE Lc WA B XA B AMMER R ENAT I, — B AT W /N AL B (d=2. 611 8 nm, 26
=3.33", OO TEATHT F 15 55 — NN BLAEL 2 5 TRIE M AL E (d=1. 306 5 nm, 20=06. 61°) , AT LA K
A R BT ST (FIER 58 . R RN Y2 R R 9% KR, AL FA £ M|, AT H A
FPALHESI 45 B0, AN A E X R BT 20=4.12°(d=2.102 8 nm) K AT & 16 , {5 38 B 5%, B P4
Fit AR EA R A S HEF BB AR,

1 FERIASTIRYREENESE R LT WH XRD $HEE

Table 1 XRD spectral peaks of the pelagic clay fraction and its organo-complexes in the sediment

ik [=1e¥a FRA
I A A E X
26/° 1232 26/° VT 26/° VT
B4 AXTFRIY 5. 42 "W 8.6 RE 12.1  REMXFR  19.25 RE
0.25-Sm LB 3. 66 "W KB B 6. 17 g 8. 64 REL 12.12  REMMHE  19.2 224
R4 N . ° HILI E'_ xﬂk . ° i ~
5.0-Sm RBUXTFiHG 3. 33 "Wk B A0 B2 BEAG 4. 12 TR RS Ak 8.61 ik 12.1 R 19.16 4%

A XA 6. 17 “ig

3.3 RERER/ANREAHRETFEMERE

JEURE b %2 B 1E TEM T TR 2 26 B sUE B K, BB 4. 85 F T W 4 i L i
BTHY 2 AT Y A Tk (B 22) . HRTEM F SRR B K 1. 49~1. 57 nm (& 2b), 575 7 0B 9 52 4R 25 4
ST T A, L 8 ) T (36T P 2c 77 0 SAED [ e S 0 25 B 07 56 T JF R 400 K 40 28 S 75 80
o 2 .

B2 JFHEtHPEEAKN TEM & SAED B

a. ZREBAPRHERS TEM ;b ZBAPR K HRTEM 4;c. 5 ¥BR ) SAED &
Fig.2 TEM and SAED images of smectite in the original sedimental samples

a. low-magnification TEM image; b. HRTEM image of smectite particles; c. SAED image of a particle

HRTEM F,.8E+M5F . BEANE SR PRIRE RS/, 88 R E, YR EERE
(B 3). tesh, T HEMWBIARF CTMAB B8RS TR P HREEARILEEHI IR IET. 5
Rk XRD ZFig—2, & 3 il A LRt ZR T REARE, 7 — e REATELLT, WAA
MR A NN R R AR AR . XM HILERE SR ARG E R AR AT A E L2/
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EEA L
EDS JiR& RT3 2, T Bk K, Si & AlSh, 28 Mg, Ca fll Fe. WIREBFEEARHANAR,H
D ROBURL B B X A2 1R AR /N TR A OB

(a) 0.25-Sm () 5.0-Sm
B3 AIEEZEZAK HRTEM A

Fig. 3 HRTEM images of pelagic organo-smectite

®2 EIRANESGKPREAHLZAM(HE EDS, %)

Table 3 Chemical compositions of smectites in the original sample of clay/organo-complexes {for EDS, %)

WA Na Mg Al Si K Ca Fe
R+t 11.29 25.55 61,086 0.517 0.119 3 0.278 4
0. 25-Sm 6. 32 15.612 72.975 2.526 0. 884 1. 694
5. 0-Sm-1 5.297 17.636 72.357 3.317 1.392
5. 0-Sm-2 11.7 19,294 64, 488 1.103 3.278 0.142
5. 0-Sm-3 5.091 13.74 78. 144 1.73 1.251

YE:0. 25-Sm A1 5. 0-Sm 35 35 U R G5 10 BE i , DS 5 BB P o HIBR T 3 00 it 4 18 ) B o 4 i ) C
3.4 REREA/FANREAH FTIR HE

MIE B LR (B 4k F  JFIR TR AR b o 1978 PR JL P B AR 3856 R (FF 2 920 em ™' 1 2 840 cm ™' it
ETEWWO . 1637 em ™ AbHZEE A K OH Wl , J& 3 A A% b & 45 W 7K A9 IEHE 5 1 028 om ™' B I 58 17 58 1Y
W e WY U9 B Ol N2 Si-O-Si S A 8 TR B B, AR B 463 om ™ AL A IR IS Si-O-Si 4 9 A5 it 4k 3
3693 cm ' Ab R B REERR T WM ALSE R ook, X RS ALES + 5 AL SRS IR, AT RRE R S AN
TNE R TS5 A

HEBIE A EEEE Od 78 2 918 cm ™ M 2 847 em ™' b 43 3 3 B T 3 B A [ A4 W i, 43 1A )8
CTMAB-CH, Z: M o C-H W R BRAT 45 i s A X FRAF 45 R 305 1 473 om™ ' iR & CTMAB (9 RR1E 0 e e
BV HLS 7 CH, B9 #h R 3l I R 3D Ml . % A 4 9354 W, CTMAB Ry fa 3k B R i E
REGR S R . B, AR 0. 25-Sm B A RFE 1 473 e AT H BRAH ST (4 MR o , A% 5. 0-Sm I 7E A8
MBS B R H A3k 1 486 cm ' FI 1 473 em R ARG . _Eib S CHL M A T g4 &2 CTMAB
SFARIAZEBAZMOEBEE" . b R 2 355 om IR 0 7E B MR 1) T AR RS, 5. 0-
Sm EZAL BTG L EH AL, MEZ B ILG TH MG R 3R 28R BB K, U &R A0 41 i AR R
KU PR EE O B £ . BSR4 K B ICIE (3 620 em ! B IED T8 B B AE 1k, (H 2 [8) 0% it
KR4 (L 637 cm DIRIF B E WG HRIZ b, XRHUES AR 2R 2R HF KRN CTMAB 41
KRR TFRER L BEEKRZE R, BEL EEAVEEABEFS Si-0-Si & Si-O |RhA XK
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M g (1 024 cm “BfHE,910 cn 'R, 798 e YT, 516 e IR A 463 e 'FIT SR, Al AN EEER R3S
T YRR AR KO B R A BESL, T AV RN R E AN ERERIN B EEWA T REN, 54
R P HME e —3.

BHR

4000 3000 2000 1000

¥ ¥ /et

B4 FEFHLASRHEEIEEGHEN FTIR EE
a. 0.25-Sm; b. 5.0-Sm; c. JR+
Fig. 4 FTIR spectra of pelagic clay fractions and their organo-complexes

a. a sample for 0. 25-Sm; b. a sample for 5. 0-Sm; c. non-modified marine clay fractions
3.5 RIFANREAHEEEMNRE

R Aen 1 84 2 1] SRR — R R A4 2 SO B, B TS R B B S ] . UL B A M PR RE Y
BT — AR IS N B M BT R JR R SR S 9 3L . BRI B RO (R 300 R BE AR AL e R R TR )= ]
B HES O B AIE I e BOR B e & B IR IE RN AT . B8 T I Be S8R 7E 3 L W 2 18] 9 HR A K 2 2 v A
7 BE AN ot FE AR BER R L TR (KB ) B 65 B BE R R B 40 TR 3 SO R BE XS A AURE SR AT W BRI AR AR R
BERRY AR B M EIE 28 E0 R as g 2P FUHZ#4HT(DTAH XRD
FTEMR T HDTMA—E 0 8)R RIS XA NS T 50 Y= R Al a8 #5077 X, IR 48 12 R H s 726 1
TR LNEN: B3 I ESTI Qe P 1TSS

AHLHE TR U2 ol i T A AR

L =0.1540.1265n ¢n)

dwon = (L¢ + Lg)sing 4 0. 96 2

A Lo b A LB T B s R R B8 P RO BR IR T 85050 0 A HLFR B T AR BE O 10 5 & (K -2

H RS FHEE T TR Lo 0. 2~0. 3 nm™™ , A SO Lo =0. 25 nm;0. 96 nm ARG E W ERIEE
R BEDS MR SR R E R PLPH B T B R E A BV AT S IR E AR 4R D,

*3 RESFEREABETHILASH
Table 3 Geometric parameters of CTMAB™

W ) 2 7 A TE B/ nm Wi K% /nm B FEER K B /nm
CTMAB 1.11 0.457 9 2,424
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A KT WY IR AR (R)
h = dwoy — 0.96 (3)
P (2D,
9 = arcsin[ (do, — 0. 96) /L 4
L=1L:+1L¢ (5

MR XRD 45 %118 h EILE 4.

R AT T Y A U2 R R BE , RO T 2R S MR AT B AR A R R PR . B R A AL, X
ANEBERENFIREZ 20 K ABZER SE 3/ T CTMAB HE 7R AKE L ST HERA VLR
FUES LA AZRGARE. Rt 468 1 MR, WEEAENZBANASZMBERAZAEHE T
HISHE d MBS EEE LA HERAVNHEE FU Py X EETERMTTEE (B 5b), HiL, &KX
MR BE R R A VL E T LA T XAEAT WZE R (E 52),3F 4 1 0 {4 BRI a] 1 78 5% 26 fH & F 1 W AHR
. HITESRTI, B 0.25-Sm M 5. 0-Sm A VLB T35 LLBUN M B (<432 #EA T Y 2 1] (R
1), X — 4535 DA SCER P AT RS 0 o FAR LGS R —B Y . XA 0. 25-Sm, HE A SR A 2 A 1A L
B 18/ T CEC, B TC 38 4 b 445 Uk B BT A W] BE ik 0 90 J2 180 BE B 1 4 8 46 9 1L 9] ELORS HE R 20 o 2 1) K 4
FHAEE, BVHEFET YRR BHEFEN AT BT INE 4.

E R A9 SCER 3 E P U HE M M AR S S N R FRIMIER X, WIkE CTMAB figk & /8. N E 1
R R R A bR S Si-O R 9 e D AR R B B W AR K, § 8 CTMAB &
VYRR BRI R HES . R, EIRET XRD,FTIR & HRTEM 2 F Bt & 43 1 JUAT 2 5 A 2 30 HE W 1 10
B FrIREM SR E ML 2, M Z H B E A TEYE . AT, B35 1A YL S F Al 68 LA AR R R &
HeZ) T2 m 38, 2P SRR C B M e % i e R AR (MAS NMR) 953 45 SRR S5, 38 % BTk i
b B B A LAA PRI HES XA T E0 YR RBANNREASE N . BERRAVEFHESE
%R R A B BN A LR E 77— D SRR AOR 7S 228 LB AR ZS L FF 2028 L A0k 25 59
B,

4 BESHRBEREAEEANHTAR

Table 4 Orientation of CTMAB molecules in the interlayer of the smectite

+ A BUZ H] B /nm St FEHE K BE /nm BHE kM
0. 25-Sm 1.452 2 2.424 36.823 59
1.6519 2.424 42.980 95
5.0-Sm
1.142 8 2.424 28.142 87

R E R 0. 669 2 nm,

Ad

! guoedg [esegq !

B 5 HHlGFET YRR NHER 720
(a) i 2 5 (b FEFRE R R E ) s Ad-ARUZ HIR
Fig.5 Orientation of CTMAB molecules in the interlayer of the organo-complext?®]

(a) inclined paraffin in the intercalated layer; (b) pseudo-multilayer; Ad:effective interlayer spacing
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Dk R 52 A R A LB S T B HEF O 20K W )= R B St LR M AL ORGSR e BRI Bk
BB R 52 2 0 2 B 8 2246 A DL IR B 7 a9 51 05 X R CH 2 ma AL 02 i — P B e P E AR SR IE A AL A
AT SCERIR B XA LS T W B RS L AT e B = g — AR, R A S 4T B (XRD, FT-
IR & TEM %) A7 BF 58 89 [ , FoAth SE 0 B0 HoR T B b A5 A . @S OB IR I A M5 12 0 )= [l 3 2
GE¥E R VR B R AILEE FRHEF) 5 R, 0 A AR L4 A IR W46 3% Tk B i ma L il 8k
K. R R HE— 2 TR .

4 %5 %

LA CTMAB A o5 » % SR 3 1 41 7 ULAR W BEAT A () 40 30RE A9 T3 e 1 R A R R AR S B UE P -

D gt fe i CTMAB A YL 7 LA TS B s A 7 sREEA R UL R - 0 h IS0 9
(FRAKZR L4154 CTMAB 8 g H CEC, AAARENEIESETERAN do 7£
BATERHNE, mARRNAEIE S KPS 2R G, 0-Sm) 28 /75 HLEH B 7 /Y HE510E 1 T 74k M 72
AR T AL R A 8RB R oA e — RSB RN, (00D RT ST IETEM 35 . Bedh . iR R
FEWHRF LT YK LTS RREREE.,

DFYFEA R PHETT o B R 20k . RGBSR Z /AT WM T E 28 E T
O HHERREEREE R S ESHEA L, K FTIR B 2 918 em™',2 847 cm ' & 1 473 em ™' 4L 4351 iy
BT 5 CTMAB-CH, ZF ¥R 3h 4 5 00 1R i e, =& Mo 7 2E A= 1] 09 FL#UE 45 , FLg T sk 25 CTMAB
NEEA XK,

DA THIEHS THIEE AR, & THIS IS S AT E SRR L RREE
FE N AL E T LB/ E(CBHHEAT YR .
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Organic Modification, Characterization and Interlayer
Microenvironment of Smectites in Pelagic Clay Sediments

ZHANG Hai-ping">?*, SHI Xue-fa', HUANG Xian-huai®, LU Hua-hua*
(1. Institute of Oceanology, Chinese Academy of Science, Qingdao 266071, China;
2. Postgraduate School s Chinese Academy of Science, Beijing 100049, China;
3. Environmental Engineering Department , Auhui Civil Engineering Industry College , Hefei 230022, China;
4. First Institute of Oceanography . SOA, Qingdao 266061, China)

Abstract; The pelagic clay fractions in the sediments which are collected from the Pacific Ocean bottom
surface are modified by use of cetyltrimethylammonum bromide (CTMAB). X-ray diffractometer (XRD),
high resolution transition electronic microscope (HRTEM), and Fourier transform infrared spectroscope
(FTIR) are employed to characterize the clay fractions. It is shown in the results that CTMAB can ran-
domly intercalate into th interlayers of smectites, and made the interlayer distance expand. As the CT-
MAB loadings become increased, the organic cations, in the interlayers become arranged in order. Al-
though the layered crystal structure of silicate in the organo-smectite keeps less changed, its randomly
faulted and fractured structure can be obviously observed by HRTEM, showing the enhanced activity in
organic smectites. Then FTIR can provide the observational evidence for the organic cations to intercalate
the interlayer of smectites, showing the enhancement of the hydrophobicity at the surfaces of the smectite
because of the intercalation. Under the experimental conditions, the organic cations can intercalate the in-
terlayers of smectite at a angle less than 43°. It is suggested that the interlayer microenvironment of the
pelagic organic smectite is worthy of concerning in order to better understand the environmental mineralog-
ic properties of the pelagic clay.

Key words: pelagic clay sediment; smectite; organic modification; characterization; interlayer microenvi-
ronment
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