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Effect of atmospheric oxidation on variation of physical-mechanical
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Abstract: The slow variability of the physical-mechanical properties of clay in atmospheric environment with normal
temperature, pressure and concentration is studied. By taking the Zhanjiang clay as the research object, the soil color of
atmospheric environment changes from blue-gray, green-gray into yellowish brown, brown under impact, and the degree of
particle agglomeration is enhanced. Further, the plasticity and expansibility, shrinkage, sensitivity, structural yield pressure are
all reduced. Owing to the atmospheric oxidation, the mechanical properties of the clay is strengthened, but its long-term
mechanical stability is depressed and the damage is potential since the structural strength is weakened. A generalized structural
model for the variability of clay by atmospheric oxidation is established and discussed. The results show that the variation of
atmospheric environment leads to change of redox environment, the chemical reaction among water-soil and atmosphere is
carried out and moved, and the connection ways of micro-fabric unit are changed. Furthermore, the microstructure is
transformed and the stability of mechanical system is affected. Oxidation reaction prompts the valence of the iron ions in the
soil to increase, and they migrate along with the aging reaction of colloidal iron oxide to the crystalline state under the
concentration gradient and the adsorption energy of soil particle surface. Iron oxide exists in the form of the mixed iron
replaced by the coated iron one, and the microstructure becomes flocculation structure with low plasticity, physical contact and
weak structural strength. This study may provide a theoretical support for the prevention and control of geological and
engineering disasters owing to environmental change.
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Fig. 1 Comparison among relative effects on physical and
mechanical characteristics of rock and soil

B Sy BEARUA BRI L 1) b A AR E AL TR
H, KRS A AR IR K> Fle s AS e B,
SAFIA 2 AL W AR S, RIRGTHIE
NIE NI R A A, LRI, SECE LR
TRRAE BRI R AR, R EEANIRE R, 51K
HMEVER CRE R, Xl g P RAE K, IR
L NE R IBZS AT I AN

AL FHETTT R L X TR - Btz 07, 8
T K ORT EROIRS, T TR PR o 4 s
M7 _EERRE L AMR I CR A B (O, LA,
ERRAS, HARBHER DR, T B ent - JFOR
KABK SN, FEEERAANE, FEHT
PR W L] B, AR XT IR
Pepsiyg s b, R PSR I AT B (LSS 4
B, R KR P e . B
XPIZIERG LIRS RTINS R, M T
i O W R C R 2, g K e 3 B I3 AR Oy
WEER O B TR LA R, HAR 90 mm 1 [
PR ZAAN 5 mm BikRO 2 3 A JE LR
RIZMIMARROBELEERE: 6 A H 5 LFE A ES AR
BURKTTIL 1 om® (S4B (U IOTE BT S5 1%, SMiH B fn
BRI A R e . RS R (O R R AT B
1R, A AR B RO L
PITEZHS D AR AR AR R 57 . AETCAEAT AN T
e IS R AR AR AT T,
o kA BRI ? X G1E T EHRIRT.

FLYE 1967 4F, 1 Terzaghi #F# " Bjerrum 42 375
M SR 8 S 2 A SR A ARG S YR BT 2 R

“BEM mRo“mlEn LR, R, L ITA L
TN REPE L R Ve e g, R IRR I 2R
PEPL. RUES. iDL BRI, By
JET i 2y AR AR AR LU, JL, Kk
A NBTE R SR 2 Rl TR I R 5
2000 4, 7t Glossop Yf e Chandler £ 7145 H KU
W) s b PR b 5T ORI B0 oh i — AN LAY, A DA
London Zf 1 49, $& tH R IREERE AT fe 15 3 1R 52
U A gt Y DU HESh T %
JEIRIE DR 2 (1) ) 2R P IR AR 5 B A 9T L
1, BRI, TR BT 1 St d s A S
27 R Z (A8 2Rt A H A R
B MR AAR AT, Rl 2 AN ORI R A PO
AGEZ, R OO AR AR 5, 25
SR K2 ek SR, mH, #TAR
UORASAR T W) A TR o3 S WA 4548 LA TR
BEAEE R 22 5, B B 2 2 RARME TR e — 157 Ut o

AL AL NI %, X Ee M e+
KAGEMSG LA DRt e ), 9 ik S
KAATEAE R . XS AT s 55 24 1
FERPLEL, WA A FERE T L b ) s A s 5)
TEAX I Rgm, 7 5 oM ah A TE AR A i U 5
AR IR SRR . TN IR AR AL 5 [ 1)
HOFUR . TRERCF T FE AR BRI T
PR S FY .

1 RS AZE
1.1 R4

WA E ) AR AT L X R A s, e
ANHEAZ) 2 km &b CBEEARFR A 110° 22'55"N, 21°
09'02"E) , gyt i 4fy 35 Ay A g e o R FH 9 [
UHETHLA AR 100 mm, K 500 mm [ 1 7 BE 1 85,
KPR AR AR 1) B R, da g e
Redt S Al LA TR I =l 14.0~
16.0 m (1925 DU R~ B Hr Geibe VT AL kA2 AR TR B v
d, SCPRIRRE LR L.
1.2 RAHEHEAESREAZE

KA LI 0, B sk A sE 2 4L
1) PVC &, fEIAEREE A 20°C £5°C, WEH~
BWNE MG EA, WIS 88 ) R
W74 25 108 7K S T BRI ORFF R SR 5 K 3 o K%K 180 d
Ja YU TR 240 K (AR SUB B, B34 T (1) sk (f
AR R KA AT

W EFER B 225 2% - TR R
(SL237—1999) Pl ki /3 Ak i p R 3 Fadh 25



Liy

2194 E= . S

s it 2013 4F

L ARMAERT3H0), I NaOH i (1% 30g +
F£, N 0.5 mol/L NaOH ¥ 20 mL) , #3Jill NaOH %
W T P AR N LR B 15 mint™™, TR0 45 5L 0
*£1, 2.

I KT AIHE R L (3 al 43 50 I 5 v 1) Fe® A
Fe' ', AId i (ERRRIEN WIE Fe*', ik
JEFREINSE Fe®'+ Fe™', IS aferh &gk i, il
BRI P A R

16 pH I 5 SR AR A RS R s R
FERIRAT - BRIRISALED) PH S 1A i R £ 1R
pH7.0 2 #EP s Z i 3k B il e SR B 3P
WL (EEFRRIRES) RAAREZED; fwEh s =mn
MsE KGR - 1 SR R AR s R H
LWL, B EGME ¥ 402 i AL A1) H
NOVA1000e FLA%43 A il A FH 204 Bt BET 320
AR AR FIA-4 BV A0IE SR A A

-
e N4E; ZETA HAZHH zeta potential analyzer
.

A DCB VEA&HCE Il s b Bk AR, VRS
AR FH AR MER IR L (2, i B AR A R R
DGR E s W B — AR AR S, B
TEERHEE G REVENE . T e T4 R F IR Ik R IR A %
PRRAEE,  FHABMER I LG (il s 4% AR pH=
8.5 RIAEMAERR ANV TN, FTATMEZ bk L e i sz B,
BELR L R 25 R LK 3.

F D8 Advance X-SFZAiTid 00 L Myt AT e
PESE RS, SR WE 4; FEES EREK
FER FIUR LAV VR TH RT3, Quanta 250
A BT OR S MR R, RN AT TR R
WL, B SEM-EDS 1A 40475 ] Poremaster 33 1
FEALBRES AT B oA ik, SRAFALAR 70 A i 26

F1REIF T 5SEUIHYESERTHERER

Table 1 Average values of physical indexes of Zhanjiang natural clay

S ERE TaRE I FLBRME WER IR MR PERRSL MR Uizl
RUEE S B Wl Ay
w%  pl(gem”) pg/(gem”) G e w/%  wy/%  S/% I I, F/kPa
FARE 50.04 1.67 1.092  2.682 1.428 6426 3225 96.69 0.56 32.01 0.82 122.36
Ftkt 48.00 1.70 1.148 2722 1370 51.70 3095 95.33 0.82 20.75 0.68 75.66
jf;;‘@f/\" » ” 50 kP § ﬁ*ﬁgﬂﬁi/% éﬂﬂ%ﬁ*ﬁﬁ
s j’f& Atk TR e, R AR W o <o RECRifR
T ety EOul% Hodn TR g Ay 00 DO OB ' U
(om-s ) ep/ /0 /mm /mm  0.005/mm  /mm <0.2 um)/%
JFUR 7.33 47 2.1 0.3 155 14465 0.604 1.7 27.4 31.7 39.2 8.74
Ftet 11.06 35 — — 150 13.510 0.543 8.2 39.9 21.4 30.5 2.36
2 EIFTEE RN FHRESEER
Table 2 Average values of mechanical indexes of Zhanjiang clay and oxidized clay
bt 2hi ) J FE 45 T Ry P D R (IBE) — Yl 3] 45 AN HE K BY D) 5
_I—Aﬁi »J\ ﬂﬁ)ﬁj} ;%ﬁ gﬁ}ﬁ - Cd (2} Cr [ Ceu Peu C'a (ﬂ,Cll
od/kPa  ai/MPa')  gq.kPa ' /kPa I°) /kPa I°) /kPa i) /kPa i)
JRUR A+ 15 500 0.27 175 7.0 56.543 10.07 12.727 11.13 67.2 10.20 75.60 12.86
2N C s — 400 0.36 183.95 4.78 — — — — — — — —
R HIFETEEUEHFLYREFERS
Table 3 Chemical compositions of Zhanjiang clay and oxidized clay
. MR 5= w(B)/% i
4 B Bk oit%
Sio, TFe  ALO; TiO, MnO Ca0 MgO  Na,O K,O P,0s
FOkt 6013 622 1836  0.85 0.09 052  1.43 0.56 2.59 e 9.22 99.97
4t 6050  7.64 1798 125 0.12 036 1.63 0.60 2.23 e 8.69 99.96
\ RH 2 A e i S hwE i BRMA AR
T H /9 3 N
i pH {1 fbLR% (CEC)meq/100g 1% 1% % (mPgh)  Am*g)
UK 6.5 0.52 20.44 0.48 0.07 0.07 138.0 41.359
T 6.8 0.45 12.52 0.23 0.05 0.08 58.0 20.862
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Table 4 Results of quantitative analysis of material phase (%)
RUEE Qtz 11 Mnt Kin Chl-Srp Kfs Mn-Cal Py Hem
SRR+ 41.91 18.06 8.17 15.30 5.10 4.04 0.77 3.62 3.02
bt 39.63 20.36 10.32 18.36 1.04 3.91 — 2.02 4.36

*E: QA MAFA MntS A Kinmlg A Chl-Srp: 4 - 80 KB A . Mn-Cal: 5 7 i fa+ Py: 3. Hem: AREkH o
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Table 5 Colors of Zhanjiang clay in different states

A M /m TR BAAK
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28~32  10R3/4 ar
JEAR AT 9~16 5Y7/1 KA
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Fig. 2 Grain-size distribution curves of natural clay and oxidized
clay
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Fig. 3 Curves of contraction tests on Zhanjiang clay
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Fig. 4 Curves of repeated direct shear tests
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Fig. 5 Curves of unconfined compression strength tests
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Fig. 6 Compression curves of Zhanjiang clay
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Fig. 7 X-ray diffraction patterns of Zhanjiang clay
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Fig. 8 The EDS spectra of Zhanjiang natural clay and oxidized
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Table 6 Results of EDS tests on Zhanjiang natural clay and

oxidized clay
JEUR Fabt

LR EERESHY%  BETEARY%  EEEA% BT %
x1000 %5000 x1000 x5000 x1000 x5000 x1000 x5000

C 0 0 0 0 3.07 0 5.3 0
O 5717 5327 7255 70.64 5133 5133 66.51 69.66
Na 0.49 0.56 0.42 0.52 0.21 0 0.19 0

Mg 0.49 0.76 0.4 0.66 0.69  0.88 059  0.79
Al 8.56 10.38 6.44 8.16 11.54 11.75 8.87  9.46
Si 22.86 19.22 16.52 1452 1825 18.03 1347 13.94

S 0.52 0 0.31 0 0 0 0 0
K 227 2.92 1.16 1.58 251 275 133 1.53
Ca 0.15 0 0.1 0 0 0 0 0
Ti 0.31 0.9 0.3 0.4 0.48  0.87 021 039
Fe 4.06 7.89 1.47 3.0 8.58  8.96 3.18 348
Pd 0.65 0.83 0.1 0.17 0 1.8 0 0.37

Au 2.46 3.26 0.24 0.35 334  3.53 035 039
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Fig. 9 SEM photos of Zhanjiang natural clay and oxidized clay
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Fig. 10 Pore-size distribution curves of Zhanjiang natural clay and
oxidized clay
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Table 7 Pore size and volume distribution of Zhanjiang natural

clay and oxidized clay and reconstituted clay

HMALBAB FLBR A g 1)
A gty ISR LB BB 4 %)

d>10pm 1 um<d<10 pm 0.1 um<d<I um d <0.1 um
0.0424 0.0244 0.2168 0.155

JR 0.4386

©.67)  (5.56) (49.43) (35.34)
St o 0168 009% 0.1968 0.0697
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0.116 0.076 01112 0.0912

=
FUEET 03944 oo (1927 28.2) 23.12)
o 0.047 0.173 0.1108 0.0814
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Table 8 Oxygenate contents of Zhanjiang natural clay and

oxidized clay

EEAUL iR PR EEE ROk WA

EALE

/% e % Bi% Y% %
J5UIR 1.92 0.85 4.96 4.02 0.55 79.74  0.81
bt 1.46 0.55 274 098 0306 3586  0.36
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Table 9 Active iron contents and redox potentials of Zhanjiang

natural clay and oxidized clay

e Fe** Fe** Fe*'+ Fe?t  Fe** E,
RS - . . - h
FAS  mgg) Amgg) Amgg) FoF mV
JFUR T 26.75 33.45 60.2 0.80 86
FAR+ T 28.74 35.46 64.2 0.81 98

AT 59.92 15.96 75.88 3.75 196
EaR il 59.99 16.96 76.95 3.54 176
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Fig. 11 ZETA potentials of Zhanjiang natural clay and oxidized
clay as a function of pH
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Fig. 12 Charge of micro fabric of clay by atmospheric oxidation
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