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Comparison of several methods for determining specific surface area of clayey soils

. . 1.2 S -1 2 1,2
LU Hai-bo"“, QIAN Li-yi, CHANG Hong-shuai', LIU Li", ZHAO Yan-lin~
(1. Guangxi Key Laboratory of Geomechanics and Geotechnical Engineering, Guilin University of Technology, Guilin 541004, China;

2. College of Civil Engineering, Guangxi University, Nanning 530004, China)

Abstract: The specific surface area (SSA) is an important physical and chemical indicator of clayey soils, and choosing the
appropriate test method is the premise to obtain the correct parameters. The SSAs of 5 different clayey soils are determined by
the following three methods: methylene blue (MB) method, ethylene glycol monoethyl ether (EGME) adsorption method, and
glycerin adsorption method, and are estimated by the empirical formula, air-dried moisture content method. The experimental
results show that, for the non-swelling clay, the SSA calculated by the above 4 methods are approximately the same, while for
the soil samples containing montmorillonite, the SSAs measured by the EGME method are smaller than those by other methods.
After montmorillonite soil samples are saturated with different adsorption solutions, the soil samples are analyzed through
X-ray diffraction experiments. It is found that the spacing of air-dried montmorillonite crystal layer dyy;=15.6 A, while that
saturated by EGME, glycerol and MB is changed to 15.9 A, 17.5 A, 19.0 A, respectively. The montmorillonite crystal layer
saturated in glycerol or MB is obviously expanded, which is facilitative for adsorbed molecules to enter the surface of the
crystal layer, and the molecules also cover the layer better. The statistics of the existing research results indicate that the SSA
reflects the composite effects of composition of various hydrophilic clay minerals and the relative proportions. Therefore, the
SSA is correlated with the liquid limit, plasticity index and activity and other physical indicators, and it is available to fit them
in the form of a power function. If the soils contain swelling clay minerals, poor correlation between the SSA and the clay
fraction will be found because the effects of type of clay minerals cannot be reflected by the clay fraction.

Key words: clayey soil; specific surface area; glycerin method; MB method; EGME method; air-dried moisture content method,
crystal layer
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Table 2 SSAs of investigated soils measured by different methods
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Fig. 3 Relationship among SSA determination methods

XTI R, R Ah T ™ A 1) e 22 2 25
T BB A R B E IR AL o AR
WS BRI LG S T RRRE T DA N AR B Bk 23 1 BAdse K
JUST IR B W B A Ok e T, SR 7 ik P —
PBETFFA R AR AL, aniE R 7 1 R A AR TE 1
JFA 17 AX7.6 AX3.25 A, S K JHWiER T4
R IR L) 130 A2, i FIXAN> iR} 65° ~
70° ) W, EREHEIBEZ 66 A%, FEIK T4 50%, 1L
A RIR B 23T AE IR RS 5 I 8 A7 BT AN
[il, AR LA, DR T (B R 1) 5 2 A M LA B g 1
Fy—Jit, R RANRIIKE LYY, TR
NREA A, MRS TAELAIEN, A K A
WASHE > TSR G, 2T RN A EZ
ISy 1o DFFUERET, B 2 A = 2K
Sy FE, dRIEEEE RN 9.6 A 8K F) 18.5 A, MiE
BN & | N L N 77 e N 8 O N A &7
A SR BEMTUMIE N 21 8 J22 0, oA AT e 22 3K e
AEAN TR AR AR 5 W B A T T 52 A E i1
M. Yukselen SR BLAESE M 4= rp, A



128 A" + T

MB 7% L EGME A1 S EL R TR R, AR 1A A 1X
AfE A MB R E KRR F T, W e 1
bb & W Sk AR E N B S A N 2, i
Arnepalli 2N B 1530 PP L 3 1 LU K i B 7
TR R T L 2 R Al T LR
1, EGME VA& B al S k. 95 5245
EGME VR H 2 2 4= o DRI R e A 30477300t
Ja R, PR IR RAHZEAK, Mo ARG
K ah R, Hilks MBVEAHIE, 5 EGME AH 8K
AJ UL, ST A [T B A o R P E R A
Gl PE, SR BBA AR HEIR R TR, BEATEIA
(R, I IEIEN A SRR A ) )= ] 3 e 2
RIC L RAFEZE T R BR R, PRI A H
WA Z Y R RELn A 25 51
2.2 BmEVTRRAEESR

A MB. EGME. H 4> 5l o Fr A 2 5% i 1 5 1F
1T XATH T, S5 0LP 4, 5o ket s Wl an, K
T AHE doot 2124 15.6 A, Huli. MB A5 44
WP ER 17.5 A0 19.0 A, {H EGME HiFf1)5 4 159 A,
HRALFEAELE, JLT8RAA KA GEY . R ER
e FA RS XS AT SIS ) o J2 ) BE B E A AN ], (R
ANFER A . R SN ) AR L R, R ) e A
KGR 9.6 A, HT/KATIMESRN3A AL,
DRI RS2 A 2 AR AE 2 AR 12, gl
J5, K FIERI 4 3 )2, RS i TR EE dooy M 18.5 A
£ MB L, A TKMAPIRZS, MB 47 RF L
KAy FIRSER, BRI door ZEWE KT 18.5 A, X R
oo =2 TR R, AT MB TIN5
MB VEA[E, HlgA EGME SR FT LAE 584 T
B, JERATKIIZ Y, SRR R R A
SIBNGE S . RIS 5K F, H itk EGME 14
JRAER UL, s AN ZN, TS N
T2 TR AR ) eI o

19.03
17.4 MBHIAIRE
15.8 H AR
S N
Ao
ERE
2 3 4 5 6 7 8 9 10 11
20/(°)

4 FRIRFIEIHERGRA LHIRAE X 15 E
Fig. 4 Low angle X-ray diffraction image of montmorillonite

treated by different reagents

oo g 2016 4F
3.033
4.504
\mmumwmwwwhm”*MM“WW“mmhmwﬁ#
mammwxywwwﬁawa
15.792 f RRCL s

4.498

B

0 5 10 15 20 25 30 35 40 45
26/(°)

5 FRRFIAEITMERRA LS HAE X 15 E

Fig. 5 High angle X-ray diffraction image of montmorillonite
treated by different reagents

J#55 FE45 PV EGME 320065 AN ] BH 28 1 MR s ey i
v B ARIR A KR W] b AT T R T
iy 85 S RIS RS AR, B AR &
PR IR BB RS 1 SR R R A . T MB
122 R it R P B 1 A 8 B AP 2 TR R AL
i), IR AFAE R . SRS R LA H 2 1R
LT — MR EPEN T B SRR A e T
i L AT B R S B, AR AR AR AR
REILEFENNIR T AHIX T E A AT BH 25 5% %
ot LE R T AN A R S MR A T A T, IR ETT
I LAE.
2.3 EEREARESHMEDEERXER

R PR AR A OB L oy, LR,
SRR AR L, WS EEE A A L A R A
XUESRFRT, PR S R RRAE, S
WALy BRI B VIR AR TR, BRI
FEIIERHRL (<2 pm) FB5rs L RETERAR IS &
W7 IEPEFRPRNORL L A LR A0 B AR T AR 2 S S ik
T b S SRR LA O AR ELA] . W] WA
bR S YRR SRR LT RST R, BT 1]
FREAFAESERIRERE IR, PRI A LR i A O
A PEFRRR K 5C A B TR A AR O A
AR R o

AR AT FT A L MR 45 S K. Arnepalli ™,
Yukselen 25" Matej 251, Locat 2525k i 4 5]
R3LTE 65 MFEA, 43 0 HE & AR 55 R BB 1R 4
W SRR E O R T G . PTG R L]
6~9.
AL, VRRR . BRSSP R AR T A Y
T, e A R RO R KA. BT
KFE, WIS R THBAR i (RP=0.75) , ¥
PEFRECS R R 0 0.67, 0.66, Fikis &
CF 5 IR BIMTCA N, AR AL 0.17.



1M P, 2 B LR T AU T 1 129

500 o AERHE

450 © Matej %l ! v

A Locat%20

400 w  ArnepalliZ!®! v
350l ¥ YukselenZ!"”!

X
< 250¢ w =2.178%7
=

2 -1
Ssa/(m™g )

6 [LRERGRRZ AR R
Fig. 6 Relationship between SSA and w, of soils

v
400r o Aws
[ Malej%I19|
A Locat%120] v
300r m Arnepalli%!®
¥ YukselenZ!"”!

Ssalm’g™)

7 IeRERSBMEH B XAR

Fig. 7 Relationship between Ss, and Ip of soils
0 o #wy .
45 = Locat %1201 "

OF L Vo A
3.5+ A
3.0+

<25-
20+
1.5+
1.0+
0.5+

0.0

1

1=0.0265°%

R*=0.66 .

Ssalm’-g ™)
8 LbRMANFNEMEZ BIHIX R
Fig. 8 Relationship between Ssa and 4 of soils

100~ 4 j:m%%;lzm . o ®
m Locat
0 o Arnepalli %! ™ ad
80L A YukselenZE!'” u N
n n
70+ . ]
< 60 C=33.45*7 "
%) =017 A
50+ R
400
’ M os,
30 PO
20 ‘ A ‘ .
1 10 100 1000

Soaltm™e ™)
9 EREREHNESEZEHXE
Fig. 9 Relationship between Ssa and Cr of soils
Bojana PP Lk R WA . B SRS
Atterberg J FRZIA] R RBEATWITT, IS TR
PEA, WRRRERGR T EE AR TR BB B, A 45 52

A A LA S IR LTS, AT
T RN RIS S o+ BAT 2 19 etk izik 1,
Bojana A4 il ZEHY N S e it 2 1) K5 B 22 00, i
TS AHH IR BL R ALK IR A 2 1o A7
Ko HIL, AELARAEAKNET Y, R
55 Atterberg 5B [R]FRIAH IS BB Y E TR0k
B ANRED T KRR IR R 5w, =
GEVHREA TR UM A S A I, RREE S BRI AN
DRSS o5/ (1D A R ok 1= P = A A= P S LR Dy
RoR e B, (FOE BRI RS A, A ER L
N, DS PR TR B AT B AR S

3 4 it

COZEME -1 LR TR R 75 ZEAR Y L4
R IEMR T 1 ATk 1, WAk
LRSS H I TINAR I B R AR ZE AN K 5
ST EHMAN L, LR LRk Y 3 R
MHPPRINERE: TP B a3 e SO | Y i = sy NI
T 40%. I X AT A AR B TR S 1) S i AL
FEREAT RS 5 I, WAIRAS T S WA 1 it J2 [R) R
doi=15.6 A, 4 FEWRE. Hvk. WL EE S
AN 159 A, 17.5A, 19.0 A, SiASZEH &
b PSS AN S SR R, 8 TR ik
NinA R, RS E Ry, WA LR
B T EKRRIEENER 7, Hirx R
PE 00 LIORIE S, IR B IR B e J7 vk
(PN 7S o

(2) 3 B 5k, 4 AT
T LA D (BT REERT, EER SR, FFEKR
I TP A EE - o 0 WY B DO 5 N L (BT
RIG IR, HIE i B TR BFRES, BAS
SR TARRSHEE L .

LR BT 4 &K L
Y155 JAHOT LEI g, BEFuas ], R E
TR EEFREO T BAT A O, AT R R B
ORI G T RORCA U RO IRAE, ANREX 73 &b

THYIRISEA, PRI e A AR RIS A
EAEFIAERZ A I, LE R T A b 25 B A DG
7.

S

[1] PETERSEN L W, MOLDRUP P, JACOBSEN O H, et al.
Relations between specific area and soil physical and
chemical properties[J]. Soil Science, 1996, 161(1): 9 - 21.

[2] DYAL R S, HENDRICKS S B. Total surface of clays in polar

liquids as a characteristic index[J]. Soil Science, 1950, 49:



130 P

2016 4F

421 -432.

[3] XK, Whkst, EMRL, & JUREE L R A H,
AREIE[CY, HDU s R RS 21 253 (X
A BEARQBIRIZ 0 . dbat: o E AT o2
A Hi kAL, 2012, (DENG Yong-feng, XIE Yong-gui, WANG
Yihong, et al. Measurement technology of specific surface
area[C]/ Proceedings of the 14th Annual Meeting of Chia
Association for Science and Technology, 21st parallel
sessions: Technology Innovation of Mountain Road Forum.
Beijing: China Academic Journal Electronic Publishing
House, 2012. (in Chinese))

[4] CARTER D L, HEILMAN M D, GONZALEZ C L. Ethylene
glycol monoethyl ether for determining surface area of
silicate minerals[J]. Soil Science, 1965, 100(5): 356 - 360.

[5] D75, Bk, £ W LTRINE T8 LR i AR ).
L TRE2ER, 1984, 6(5): 92 - 95. (ZHOU Fang-qin, LUO
Hong-xi. Measurement of soil SSA by glycol ether[J].
Chinese Journal of Geotechnical Engineering, 1984, 6(5): 92
- 95. (in Chinese))

[6] SANTAMARINA J C, KLEIN K A, WANG Y H, et al.
Specific surface: determination and relevance[J]. Canadian
Geotechnical Journal, 2002, 39: 233 - 241.

[71 DANIELS J L, INYANH H I, BROCHU Jr M. Specific surface
area of barrier mixtures at various outgas temperature[J].
Journal of Environmental and Engineering Geophysics, 2004,
130(8): 867 - 872.

[8] ARNEPALLI D N, SHANTHAKUMAR S, RAO B
Hanumantha, et al. Comparison of methods for determining
specific-surface area of fine-grained soils[J]. Geotechnical
and Geological Engineering, 2008, 26: 121 - 132.

[9] TULLER M, OR D. Water films and scaling of soil
characteristic curves at low water contents[J].Water
Rescources Reserch, 2005, 41(9): 319 - 335.

[10] EZ o, skMEDe, AR, 5. XT&K% Wes HIEZIK
T 7 ARBRI AT AT PEDE ST )], TR AR, 1994,
2(1): 15-26. (TAN Luo-rong, ZHANG Mei-ying, SHAO
Wu-min, et al. The practicability research on use of air
drymoisture content W65 as identification index of
theswelling soil[J]. Journal of Engineering Geology, 1994,
2(1): 15 - 26. (in Chinese))

[11] GB/ T50123—1999 + T 52575 ¥4 HE[S]. 1999. (GB/

T50123—1999 Standard for soil test method[S]. 1999. (in
Chinese))

[12] GB/T14684—201 i HAP[S]. 2012. GB/T14684—201 %
¥ M ® [S]. 2012. (GB/T14684 — 201 Sand for
Construction[S]. 2012. (in Chinese))

[13] EN933—9 Tests for geometrical properties of aggregates-part
9: assessment of fines-methylene blue test[S]. 2009.

[14] SDS 01—79 & T3 M FE[S]. dbaT: KR H fR 4,
1981.( SDS 01—79 Specification of soil test[S]. Beijing:
China Water & Power Press, 1981. (in Chinese))

[15] W25, FLAf. Fepkd LR M), dbat: Bl
Ak, 2006. (TAN Luo-rong KONG Ling-wei. Geotechnical
engineering behavior of special rock and soil[M]. Beijing:
Science Press, 2006. (in Chinese))

[16] THENG B K G, RISTORI G G SANTI C A, et al. An
improved method for the determining the specific surface
areas of topsoils with varied organic matter content, texture
and clay mineral composition[J]. European Journal of Soil
Science, 1999, 50: 309 - 316.

[17] YUKSELEN Y, KAYA A. Comparison of methods for
determining specific surface area of soils[J]. Journal of
Geotechnical And Geoenvironmental Enginering, ASCE,
2006, 132(7): 931 - 936.

[18] YELIZ Y, ABIDIN K. Suitability of the methylene blue test
for surface area, caion exchange capacity and swell potential
determination of clayey soils[J]. Engineering Geology, 2008,
102: 38 - 45.

[19] MATEJ M, ALENKA M, ANA M, et al. A comparison of
methods used to characterize the soil specific surface area of
clays[J]. Applied Clay Science, 2013(83/84): 144 - 152.

[20] LOCAT J, LEFEBVRE G, BALLIVY G Mineralogy,
chemistry,and physical properties interrelationships of some
sensitive  clays  from Canadian
Geotechnical Journal, 1984, 21: 530 - 540.

[21] BOJANA D, STANISLAV S. Atterberg limits in relation to

eastern  Canadal[J].

other properties of fine-grained soils[J]. ACTA Geotechnica
Slovenica, 2013, 10(2): 4 - 13.

[22] BOJANA D, LUDVIK T. Liquid limit and specific surface of
clay particles[J]. Geotechnical Testing Journal, 2004, 27(6):
580 - 584.



