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Abstract: To elucidate the mechanical and seepage properties of typical Yan'an loess at different burial depths
and its microstructural evolution patterns, this study systematically investigates four in situ loess layers (L,—L,)
from a representative profile in Fuxian County, Yan'an. The objective is to clarify the synergistic mechanism of

“structural densification—strength enhancement—permeability reduction,” providing scientific basis for region-
al loess stratum stability assessment and impermeability reinforcement design. Systematic investigations were
conducted on the four loess layers using direct shear tests, permeability tests, and scanning electron microscopy
(SEM) analysis. Pore parameters were quantitatively extracted using Avizo software. Data coupling analysis was
performed via Pearson correlation analysis and principal component analysis (PCA). Results indicate: () Shear
strength exhibits a layered pattern with burial depth, showing significantly increased cohesion and a slight de-
crease in internal friction angle. (2) The permeability coefficient decreases significantly with depth, exhibiting a

“permeable upper layer, dense lower layer” characteristic, plummeting from 17.79x10° cm/s in Layer L, to
7.55x10°° cm/s in Layer L,. ® At the microstructural level, particle contact patterns change from point contact
and weak cementation in shallow layers to surface contact and strong cementation in deeper layers. Pores
evolved from large pores (>35 um) to medium-small pores (<30 pwm), with shapes tending toward roundness.
The orientation shifted from vertical dominance to uniform distribution. (4) Pearson analysis indicates a signifi-
cant positive correlation between dry density and cohesion, while showing significant negative correlations with
total pore area and permeability coefficient. PCA analysis reveals PC1 (contribution rate 70.8%) as the primary
factor governing “structural densification-strength enhancement,” clearly distinguishing sample distributions
between L, (loose, high permeability) and L, (dense, low permeability) layers. Conclusions indicate that the evo-
lution of physical and mechanical properties in Yan'an loess is jointly governed by compaction and microstruc-
tural remodeling. With increasing burial depth, loess undergoes a “ compaction-remodeling-densification”
process: particles become more tightly packed, contact modes shift to surface contact, and large pores are com-
pressed and destroyed, replaced by medium and small pores. Macro-scale manifestations include increased cohe-
sion and significantly reduced permeability. Dry density, cohesion, and pore characteristics collectively govern
the overall evolutionary trend of loess from loose and highly permeable to dense and low-permeability.

Keywords: Yan’an loess; shear strength; permeability; microstructure; data analysis

B AR —Fh s A A 5 I 22 KU TR Y, Tz
i F Ak 45 BT 2 528 T 5 i X (Zarate, 2003,
Haase et al., 2007; Li et al., 2020) . 7, &+ 5@
ML 6.4x10° km®, A AP T PG J0 X (1 85 5= R,
R LTRSS, i) BERRKN—F
X 3 (Liu et al., 1985; Li et al., 2019) . 32 )& 3 F A<
5 0% S SR SE IR, B I R T R B 22 )2 S AR REAE
A 0 2 ) 22 S M . JCHAERR PG AU A AT 22 b X, M
JEEESE DURUEE R | S5 AR, & A Y i+ T

M 5T L (Li et al., 2013) o FHH T8 - RARGE M MESS . fL
BRET . BRGNS (A B sl ki 5 IR S AR 1k
T RSBV ARTE 50K, 51 & R W 3R T
B S ¢ B (PP A5, 2022; T affis 4%, 2023) . X 2 (n]
FOUTE DX 3R T Ak 5 3 ek a8 it Bl o % R 119 75 S5 T A n
G, T EE ] 20 TR A VR UR A A ml Rt
HY T B A i S MR B 22 5, R[] 2 A o 4 7
WL | REERRIE SFLBR G E A B AR, NS
FOH R 515058 P AR F B B A4 0 1 ) AR fL R AR (2=



22 o4t o# R

NORTHWESTERN GEOLOGY

2026 4

TRAESE, 1993) o MTAFR, A 22 i KR Ak 15 it 2 15 o st 4f
ik, KR ZEA SR TRERZE Ll R
AR Z, HRR M 25 (R4, 2020) .
FER PR 5 KBS AT, R B E A
HEAE S| K A5 A WK 5 5 B, S ERE  TER KHh
T 170 W 45 0 2 Ot 1] 46, 2022) o SR T, IR B9 248
TFRZ B 0 2R SR RE LI, XERJE R
S5 Re U [l AL AL A DG T AN o Rk, X
JE <2 B ) T T R 22 R B DR B A 1 B T 2 S 1
25 A4 5t B AT, X6 8 7% LS T e SR ML o) K e Ak X
BRI R A EEE ., R R ERE TR
+ AR YR SR IR PLEE, R T SR THE
45 F PR X B A TORR M A R (O R A S
2013; 3k E4F, 2018; M5 1R 5, 2021) . MG, R EZ
YT AR ) B 0 25 R RRAE A s ) 2 W ) 2R AT R R
MICHEAEFT, T “25bE 257 5 “mMesiist”
W 45 (Jiang et al., 2014; Nan et al., 2021) . £ ILIERE I,
BB (SEM) . KA (MIP) . XS4k CT Mtk
PR (NMR) 55 Z F F Be bl )12 I F 85 L BR 2548
FAE, hy 5 B R 8 - SO 35 5 T 2 0 Ry O R 4R
HET L RE (A FEBR 45, 2000; T 2845, 2012; Xiao et al.,
2021; Hui et al., 2022) .

JUE B A F 5 A 2 S 6 45 1o U0 235 ¥ R AE 22 )
Y TR, (AR E D TR IE RSk E
B A S5 T AL, foi = A [ R UK 8 A Y 4
Pk BERB A HLHI Y R 80 B (FHIR T2 %6, 2013) . [)
W, B TR AN E T ek (i “Brsf” i
SEHGRRT SERMIG), MO S B (LR | BB EE
D5 PR AE) 55 i M 95 D)5 4 2 AR AR = 18] 8
B A (Xu et al.,, 2021) . b4k, BEH & T 4E
2 b X AR T O BF ST 2 4R P 7R TR 2 B R A S
BT A B RRAE, W2 8 18 JFUIR G5 M 45 1 R I R
BES AL = RPN

Y F R ), B A AR PG AE e B A T
X5, RGEHRAFZ 0 FARE 1085 . B 58
fili FL 55 (SEM) IR 56, 5 148 /R TR U2 35+ 10 ) 2 e B
THOULES F4 T AL AR AE . 38 2 1835 5 35 U1K 58 40 W A Tl
HVRE 1B &M S P00y R 22 7, FIH SEM K &
BB R RAFHALBIE S | BE Al ERAE 55 e 25 72 1
S5O MR OC o BT S O BRAR T O 5 #2805 % WL 2
PEREZ M BIFR A S 2 o W9 5 A I 1) 48 22 b (X L 7Y
B (B 2 ROROULEE R T AR LR, O X e

MR RAE PR 5 TR R R AR
L WFSEARE A T 3

11 iR

WESE T E R 2 22T & B SR A (A 1), Hh
b BV R . % XA R R G, B TR
JERER, LW S 2 BRI, HR S S R L A
(NI (= R O W [ A T A 2 O e o e
FEH IR FE G REBUR A Q) Ay 24 ¥ + FN
P Z P e RO (Q,™) 1 8 1 8% - 4, FLAA
P AR R 2R e TR PR 3L A0 4 2, B
FLIE i b 2 EE A 5y BRRIERG AR (R D).

AT 5T FE 5 04 JEOIR B S % X 4 2R
FeM i (L, L,. Ly, L), BORE T AR 8 i ML BH 5™
05 AT (L 2), BURER B 5.0 2 25.0 mo FEITHHUEOR
B 150 He o B 0 32 A I I (R 2) R,
B G R B 3G K, T B2 38 O, RIIDTARAEFUB A,
TGRS 45 RS G A AT (] 3) R, £54F
PR 4 J2 kL BE A3 53 A i B A B A — 3, LU A
WA JRE A8 v R R Ry o
1.2 BYIERERE

BL Y 50 B S TN B AR M S AR T IR R 1Y
KAEFR AR, A/ EZ BRI (o) 5NEEM (o)
g o AT R H e ot RS T AR 20 RN AR
s il BB A (R 4) FF Je L 3y U0k g6 o R S JR
B4, VIEUN ST A B AR 61.8 mm., 75 JF 20 mm #1974
T o AR B TR Ay 45 A, B8 ) e 7 43 S R 100
200, 300 F1 400 kPa. BYYI A E A 0.8 mm/min, X
B A A A e 7 AR HE ) (GB/T 50123—
2019) o RPRIESE R A, Pr A R e 0 i 4 07
Fe RIR G ACIRE, IR 43 IR B BRI, b S dh 3l A
IR 78 2 1 LI R B R 2% . TR B T LA 2
B HRGIR T 5 B A, IR LB AR fb A R
1.3 #1BEKR

BB RR (k) RRAF LK S 16 S hE B2
SR TR IR A L A B R KRR e R
B er T LW/ REE, 2022) . ABFSE R TST-55 AU
AR IR S B BAL (& 5), X AS R 30 % SR B 4 o T
KB E G . BUHER FER T 4%, EAE 61.8 mm,
1 BE 40 mm. A PR RREE B R S5 RRAE, R RE 7 OR 4R
Ji 57 RV B R AE, 0 AT AN S B, AN R R 1 F



552 ik B8 S HE 2 b (X LR - 0 B g A R B B 45 ) AL 23
HJZ (m)
w5210 AR 5
g5 ® HiIKIX .
Bl HRXHEME
Fig. 1 Location of the study area
xR 1 MEXSREMERIR
Tab. 1 Stratigraphic division and lithological description
b5 AR AR Kk R )2 = T IR JZE (m)
WA, T, UBmBER+RhE,
eol %—4 —~
@ DI (L) FALB AL £ A 63071040
K, MW, UBEA L NE, KA. ABREH.
R (L RH B R 370820
REA, T, MR+ R,
col # X ) . .60~5.
@ REL KALBE . ALK, T 0007380
KA, IR~ RIE, UBEEH LA E,
# 4 N AU 0.
I (L) o 25 € 2R R 9 14083
_ alL H]
/’c—Z.'.%AtlgH2 (D

E2 BN
Fig.2 Sampling site

+ o IRIG AT Se AT IR A B N R T RE SR M KR
i 24 h, LUPRIEFLBR A AR 43 HE 1, 35 B0 B IR
Ao B R HE R A T AR K Sk o Dk
I, B2 B A5 K k3 i 2, HER 2= AR IR IR,
ISR K Sk Hy 5 25 i E] ¢ R B2 kK Sk Hy 4
ARESTE I E 5 R, BOP A R A LR .
TR FT S, B — M2 FE R B AP , A
A2 HITELS% LN . BERBOTE AT,

Rk BB RB (cm/s); a 728 7K Sk 4 A T AR
(em®); L NBHE (em), TR E; 4 iRE A RE#R
A (em®); ¢ Kk N H, B 5 H, s it a) (s); H,
TrHR R K3k (em) 3 H, 217K 3k (em) o 3R 5 58 U
HEAT S H A I A 5 M S, DURIBOR [R) )2 07 3+ 1Y
V135 38 AL I o0 HBETR B AR AL
1.4 HEBEXE

g 5 7 AN [ R B A A SO 285 ) 2 S5 B L 5
J12EEREI K &, R FEI Quanta 400 FEG 148 L 1 i
R (SEM) X JERAE HEA T SO LI 5 7 122 53 B (11 6)
YU Hof SR P 1) T 0 0 ) BORE O X, AR R SRR B
H RAREERE, N L ~L, 45 20 F A, ik b U1
HAZ 10 mm, (5 20 mm BB, A Us/INAS [ WG
T5 7 B TEOWE 3 2 S5 DR 45 v 0 U S5 M A,
A L S ¥ 58— R FH 3 L T 1) AR S WS T T
IERFERE RO E 10— KHEL HART 72h 5 A
AT T LA T i v e G LA D) ) S B S A R B
T i 28 4 W D B ) 358 3 L R, R AR LSS 107 Pa



24 Wodb o H R

NORTHWESTERN GEOLOGY

2026 4F

R2 TREMETHERYEIER

Tab. 2 Basic physical indicators of non-stratigraphic soil sam-

ples
BHEW L TEEp @A LBCE Sduf
J# (m) S (gem?) w(%) () (%)
5.00 L, 1.37 24.78 0.49 71.09
15.00 L, 1.38 17.31 0.49 56.04
20.00 L, 1.39 19.75 0.48 54.32
25.00 L, 1.49 20.92 0.45 69.55
100 — L
e I_I2
_8of L
g | L
£ 60t
<R
X 40F
+
B
20
0 L
0.01 0.1 1 10 100 1000
BiAE (um)

B3 ARMEEIHROAESMHEHLZE
Fig. 3  Grain size distribution curves of loess samples from

different strata

B4 zJBImTEHXER (M)
Fig. 4 ZJ-type strain-controlled direct shear apparatus

(four-shear set)

FUFF AT . IR R BE R 15 kV, 78 800x ik
AT AT RAE BAER . BEAb, TR — R B L i 1
2~3 A PATI I BEAT FEXT, il R BT S B A SO A4 I
SEAT S RIPE S AR o B RIR O 2 U il L
JE B RFRAESE R . O S B BOULRR iE 1 B AL 3B, R
F Avizo B X SEM R T Jm Ab BH 42 LAY 25 33
WA SRR 5 2 R4 R (B & R B KR

E5 TALEBAWRES
Fig. 5 Variable-head permeability test apparatus

S ) WEAT R SCME 3 A, T 9 78 3 1 9 W B ) A o
LA 1 2 2z 18] i JLAE
1.5 BERSHAE

hy 4 78 AN ) PR B ) SOUL 25 4 2 0 R )
)2 PERE Z A A TR R, AWTSE 255 R H] Pearson
#H 3¢ 43 #r (Pearson correlation analysis) F1 3= i 4343t
(PCA) #EATH e Ab B 5 FEAE TR ] . Hi, Pearson #H¢
AT AT B 05 2 R U0 R B AR R AR AR S LB
ARG | BUTERE . 5 o £ S5 MO S B e MEAH 5% PCA
FH T B B A R PR, RO e B - 45 4 5 P B T
PR AR B o PR DT A B AN FE, PI 22 46 B2 4 7 B
AR RIS 099 PR ) A P R S s M AL L
1.6 SHIERURYE

FHIRSEBOE LS F I T AR ME, TR
JIKF R i e s 25 2R o B e 5 1) SR X 100,
200, 300, 400 kPa, < 4 2% + [ #0335 (2 80~
450 kPa) Jf: Z % ( + T U4 J7 ¥ b5 fE ) (GB/T 50123
2019); B§5)3H % 0.8 mm/min g 75256 X6 LE R 7 7
Fo i 2 fo 2 HAHEK 780 iy R IX R . 3 i R
AR K Sk, i T R E 10 7~107 /s 194 T
28+, IR T (961.8 mm=40 mm) 5 B 5 b i
— 5, AR BEE N 24 h, (RIEFLBR R HER . B
TARSE o SEM fH A5 R GE— Ty 800, 1% A7 4 1] 15 I
A3 HE 1~20 pm ER A FLIRE K, IF 5 Xu etal.( 2021)
1 I8 B BYEOEFH B  Or IE R — 2 AT
WO T BE R AT S SRR IO R . Bk
B 2 22 2 TS 0GB, 45 R e BB M R 4P (R
2E5%) , AIARRAE 2 A B+ (1 T2 PR ) 5 B TAFE .

2 AR
21 AREMMEELTHNBEE

AN TR JZEAE 8 A i ) BT D) 50 88 R Lo B 2 M O
RI) e HNBESESM o) BRI 7) BoR, 3 R BBt



%24

5K B8 A JE 27 iy DX B R 14 0 I A R OO A v A L 25

Rl £

SFHUEIE E

El6 SEMHEmEl&SEBGEESTRER

Fig. 6 Workflow of SEM sample preparation and quantitative image analysis

B 5 P 7 Z2 K R JL [R5 e, A 4E T R LI
TR EE W oA . R ¢ Sl 200~24°,
BT 3 S R B AR R s R R T o B TR B G o
FIE . WREL AN c (HIRMK. o (5, WX
JEEE R B | FIURLIR] LAEE $ AT FH O 3, BT R A R .
L, JZHRG R 7] 45 i, BRI 25 R ORI A Y
SR Ly JRPR S /K SR8 3, BRG 3R ) RN B4
BB T B, 158 B 7K 43 A FOURE [R] 2 10 T 0 B 4
Hl g5 7 A G SR, W2 L Z K A EE
T E WA BRI, o (H R R, FHH HE 4R E
4. BREEN R . T NS A, Bt
B 5 B A T 1) Y b 2 B PR R SEAE R S A A A 4R
il o BEIRTRIE N, FL B D | R4 fk P a4 e ) 1
PG A i 25 2 A0 ol 55 I 45 2o U N SR 4, B
PRPUBT SRR, RIZ Wl TRl KILBR A,
FESMaT B ANE T 28 5 AR 25 A B R Ry S vk, S
SR (0 AR R PR AR TR AR AE . B B 0T 9 Rl R B AR
RN b 55—rhim—Jm i 58— 7 k. %
SRR T HUZ R SE . SRS 5 IR G5 85 0 25 A 5
HIFEF, P R 2 5 R e R TR S
B T HES %
22 BEMEE

B A A AAOK S ITRE BE ) A B bR, X
ST E B AR P EL A DGR X 2 T MR
A B A R 2 7 (L~ L) B35 35 22 506 1 R 14 i 2 3%
FEAR (I 8), fi L, J2 9 17.79%10 "en/s T &N L, 21
7.55%10 “em/s, & B HY B 0 (4 3 1) 43 SRR AR o 3R AL
Rt E AR S R S R v 4 A

—e—C o (ﬂ‘
5t oL, 5 oL,

10 + 10 \
= I \L,

E E
N 15 F oL, i 15

20+ \ 20 a\L3
25+ SL, 25} SL,

25 30 35 4 15 20 25 30 35
¢ (kPa) 9 ()

E7 AREMELMRIEEESHTN
Fig. 7 Variation of shear strength parameters of loess samples

at different depths

HIRN . W L AL T, RALS R ALEE
5, KL E FE, BB EEE; PR LS L
K, B8R BOE K. WZE L WA EN
5 EAE WA TR 2 BUECE S5, £L BB T A % e
FRER R IV > ST Bl 2, (A8 B R )t — 0 T R
BEAR, K ARALANS B BRI IS B A B . KR
T b E KR I, K 23 R A 3 1 AL B GE 25 R
AR TR 2 B DAL AR I)N | T 4HE P, K AT
Moz R o Hy s m] UL, B 98 o P o A% 38 3 i 3 32 AL
(LS Ti EN el (SR RSP AR VAU AT IR o /Y NI o
oL RIS BB AR B A )RR L PR
55, TERECE " RHIE, X — A2 A MUEE IR S O A



26 Wodb o H R

NORTHWESTERN GEOLOGY

2026 4F

Sy M AR B HE— 25 BRI
23 EIMUEN
231 RFHEEEMULLEH R E

L,~L, AN[A] R B o 4 Ay A SEM i 34+ (161 9)
SR, B SLIEURL AT S L A B R
UKL IR B8 390 5% 22 1] 1) L 2 25 5 9 8% 0 TR 420 7k
B R 6 A4 3%, il 0K 25 [ (Xie et al., 2018) o Ak Al
WD URL 3R AR AE — e, TE R /NS S5+ R A 1A
OB 0 AR S EUR Y . v LU Y, 0 J50RE A
KA D SR AR AT B i g R S S A (8 9) .
B L UKL A W] B B B 53 A0 A b 0 Y 2 1 B 4%
A, B R AR o R R R AR R 2
B AR AN - SO B I R R4 5, 2025) .
I, 7E B A S5 4 v R R0 R ORL AR B A AR T
AN BAMAEAEN

URL 22 8] ) H2 fioh 7 =2 Bz 5 ) - 480 By ) A% ik
AR AR o D fih 1 AR B, 38+ JOURE 1 B2 fih ¢ 3R
R A fl AN T fik (Xiao et al., 2022) . — A% E AL
T, Bl JSORE IR ) A AN 5] ANRRGE, FEAN
VERITR 5 R e sl A B s Jm BN I 5 T T ik 1 DR
— B EHEA RO, R ARG ECE, iy E
1o o AR UL A R Ak G &R, LB RT3k 3 2K (]
PR LI . SREAE T FL B A R AL I ALBR . TRTRRFL B 1 A o
LB B AR K T 5 B R 1) BT AR, 4G Ik 25, 2 Ml 56
RFER AR RN LN T FEEORL, i B0k
SEREHEIIE o 0 AR AT 3R AR Dl hr ] 2 4 v

L,

L,

1
0 4 8 12 16 20
B RE (107 cm/s)

E8 AREMELHMINESERYTN
Fig. 8 Variation of permeability coefficients of loess samples at
different depths

UL ) AT SR A PN B LB, AL BN, RSN R
AR JORE A I 25 R B, R 25 AT 23 g S 4 L vh 25 e
SR ERAS 3 FPISAL . R4 R Rk T A PR A )
E UKL I] (49 73 A F0AE F, LA 52 Wi A 7 2 P Jo
BB VERUK YIS B S5 B e . SRk, B L
J2 B 245 A I 2 LR BE A 38 o s T O . R
)2 00 B ABURL TR X A HL, B 0K AR 2 B A
X IR, B 2 o, 1) L B
(&1 9) o BEAE TR A I, B SR F0RLIZ i 2 L T 2R
PR 3, B8 B AR 1 MOR BUBDRT (1 9) o 2HB0RE A/ R
T HOF R AR BE S BT T A R L B, JE SO [E] FLER
FIRE A AL o SR A A IH X T A 3%, o — 2D 3 1

B9 REE A E LR E R

Fig. 9

SEM images showing microstructural features of loess samples at different depths



%24

5 T 45 S 27 by XS 7R ) 3 AR T O e T AR L 27

FRRE . K Pl s b e Ak s i i 8 AE R A E RS S
WAERGER TR BUE A S E . K2 145
PR e e . PUBY SR B SR, MR Z B AL A B | i
WM, 5 KA 5B BB, X 50048 %0 ) 2%
MBI as R —5,
232 REVRE R E LU 5 A

T AR AN [F B A2 AL B o AR RRAE,
Avzio BRI AL B 2 18] 91 3545 L 2 1w B o0 A1 B0l -
AN [ B b )23 B FL B R /N 43 A T R R T AN R) ELAR X
[ P L B T AR R L R T AR T 4 e (B 10) o X F
A A TR b2 0 #5 - AF, FLARTE 1~20 um 35 Fl N A9 AL
BRI R FLBRBUR A9 95% LA b, HALBR B fi L1
(A3 K 2RI/ LR KT 25 um B LR 43 A
R AR, (A AL B I BT o5 A — 2 Ll e K
FLAR Bt % = b 2 R B A B i 0 /N (P& 10) o Bl 25 b
JE VR JE B AN W 0 LA B R Y FL R B T T %, il
P2 18 YRR ) T /DN, Xt S R I A HE R B 3 i, B
- 2 PN A L B S R L B T A Lt R AR A AR
75 2 LR KT 35 um AR Rt A/ ME T
FUBR TR A5 FE 290 10%~25%, 52 it -+ 3 5 5 fin

020 a 41600
0.18 1 = RS 11400
016 - At 11200
0.14 -

so12l {1000 g

;HE 0.10 - B o 800 gz

=008 — 1600 =
0.06 - _ {400
0.04 - - 1500
002 |1 . o

5 10 15 20 25 30 35 40 45 50 55 60
FLA%E (um)
030} o ¢ 1800
025 0= AL H
N r — o Kbt
Hik 1600

5020} ~

i <

K015+ 1400 gg
0.10 _ 1200
005+ | |I& ( - s

5 10 15 20 25 30 35 40 45 50 55 60
L% (um)

a. L, EZELFES; b L, ZE LA

FLARRT 35 um AL IR B/, o 45 FLAR L BB T
L, MALAR /N T 30 um (LB T AR E i 4 K, Ui A
AR5 RR)ZE A+ P LR 35 um DL E A FLBRAY AR
T RN IR SO B i R I 1l /LB o
233 FRRBVRERAE S LRI A 5 A 4 AR
B B2 e 12 Ak 4 v B9 LR IR 2304, FLBR
B B2 R s LB IR 5 BB (2 B, Ht 52820
WA Q)R BB 0 2 1 A5, HAR B4

T 1 F R LB T T R .

4nA pore

2
pore

X A, ARE AL TR, P, F A FLER
R .

L. L,. Ly, Ly NFEREE T # + )2 0 FLBR RDE B 53
A7 8 7R T L B TR 245 Bl VR 32 1 0 i & A= 9 3R e vk AR
A (B 11), 76 L, & 2, B EAE -1 EH W
S AT T8 40 A, A 0.6~0.7 Z (8] B I A7 — A~
(R WA AL, T T 030 (80 T LB T o B B 45 A1, 2% W 10U
G AL LUK WA T SRR T LB 3 0 7F L, ¥ LR AL,
£ 0.6~0.7 BYUEE E— 28R . Bl TR BE B AT Jon,

0.25

2

Roundness =

Jp— b 1600
020 - = @E&.‘Lt 11400
- - B 11200
2 0.15 - 41000 2:
in AW
= 4 800 i
= 0.10 - 1600 =
-4 400
0.05 - 1200
9.
19— 40

5 10 15 20 25 30 35 40 45 50 55 60
LA (um)

0401 o 4 11800
0.35 = AL 11600
030 o Bt {1400
41200
=025 z
11000 €
0.20 - 1800 B
0.15 - 4 600
0.10 1 400
005 | ||} 1200
° {0

5 10 15 20 25 30 35 40 45 50 55 60
fLA% (um)

e Ly ZEEHEG d L JZ8 LA

E10 FAEILEXEHAFARHESERLH

Fig. 10 Number and area proportion of pores within different size ranges
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