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Abstract: [Objective] To elucidate the effects of freeze-thaw cycles and initial water content on soil structure, rare
earth oxides (REOs) were used as tracers to separate soil aggregates formation and breakdown processes. [Method ]
REOs-labelled soil was reformed and investigated herein. Two initial water contents (50% field water holding
capacity (T50) vs. 100% field water holding capacity (T100)) and five freeze-thaw cycles (0, 3, 6, 12 and 20 cycles)
were involved in the simulation experiments. Soil aggregates distribution, mean weight diameter (MWD), and the
aggregate turnover process were measured accordingly. [Result] The results showed that freeze-thaw cycles
significantly reduced MWD, > 0.25 mm aggregates and < 0.053 mm aggregates proportions, but increased the
contents of 0.25~0.053 mm aggregates under the same initial water content. After 6 freeze-thaw cycles, MWD was
significantly (P < 0.05) higher under T50 compared with that under T100, but there were no significant differences
between the contents of 5~2 mm and < 0.25 mm aggregates. Except for 5~2 mm aggregates, the intensive
transformation between neighboring size aggregates was observed during the whole simulation experiments. In the
same freeze-thaw cycles, the transformation proportions from 5~2 mm to 0.25~0.053 mm aggregate were
significantly (P < 0.05) higher under T100 compared with T50 treatment. The freeze-thaw cycles promoted the
breakdown of > 0.25 mm aggregates and the formation of 0.25~0.053 mm aggregates both under T50 and T100
treatments. Also, MWD was significantly positively correlated with the relative formation of soil aggregates and
negatively related with the relative breakdown of soil aggregates (P < 0.05). The turnover time of soil aggregate
remarkably increased with the freeze-thaw cycles (P < 0.05) and the aggregate turnover time of > 0.25 mm
aggregates was higher than that of < 0.25 mm aggregates. Comparatively, the aggregate turnover time was
significantly higher under T100 than that under T50 with the same freeze-thaw cycle (P < 0.05). [ Conclusion]
The freeze-thaw cycles and soil initial water content significantly affect the aggregate turnover. Both parameters
change the stability of soil structure by affecting the aggregate formation and fragmentation processes. The results
provide a theoretical basis for further exploration of the structural changes of black soil under freeze-thaw cycles.

Key words: Freeze-thaw cycles; Aggregate turnover; Mollisols; Rare earth oxides; Soil aggregate stability
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Table 1 Basic physical and chemical properties of the tested soil

HHUR HIDEESS HE
) A kL FkL
e Byt Organic Field water Soil bulk
pH Sand/ Silt/ Clay/
Soil type matter/ capacity/ i
density/ % % %
(g kg™ % (gem™
2+ Black soil 34.76 6.78 34.00 1.25 9.87 54.33 35.80

1.2 R
(D WA bR IC I E L . A U DU RS 246 La0s. SmaOs. Nd203
A G203 903K H B BifgG ik LA R A A, 4T 9>99.99% . REOs HI-F-3) EA£(D50)
N 3.2~52um, PRIZEN 6.5~7.6 Mgm3. HIFEFFEEAY Lax0s. Smy03. NdyO3 Al
Gd03 5L H 5N 41.72 mg-kg'. 7.7 mg-kg'. 28.58 mg-kg' fl 6.49 mg-kg'.
AR IR IR E bR ic 300, R S IR IR FE D 500 mg kg s A La,03 N
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B, Fric1E 5000g, FTEZAAMKE 1020 g, MRIE IR EMIL 2.5 g /) LayOs 1 500 g 2%
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Tl 2 IR AR R SR UG IS 0.25 mm0.053 mm (157, fE 8 77 AR A, [FI £33 2~0.25 mm.,
0.25~~0.053 mm F1<0.053 mm ][RR 28K P oefs 2 15 JOn T 54, 1E 40 °C LT
24 h, FRE.
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AR, FRE FAR YR JF 4h 3R b A SRR B A LU S B AL A B — N IR ), wT DA (AD
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Sm03 NFFILI 0.25~0.053 mm HIEHE, (D) L GdyOs NFFICHI<0.053 mm HE k.
HJE A TR B RN PVC ) F (EARN Sem, BN 3em), ISHI AN 1.25 g-emr
S (HE D,

B =atH
Step 1: Blank soil
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Steg 2; REOs-labelled soil ESDO mg REO kE" soil)
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Step 4: Recombined soil

g S0l
VE: A, B, CHDZHMLE 5~2mm, 2~0.25mm, 0.25~0.053 mm F1<0.053 mm #1544, Note: A, B, C and D indicate 5~2
mm,2~0.25mm, 0.25~0.053 mm, and < 0.053 mm aggregates.

1 M bR ic 35 A R A AR
Fig. 1 The flow chart of the soil recombined by REOs labelled four different aggregate fractions
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KE, B OREEEE &, FMEREOREEIR_EFL/NLORIFIE . S5 & S SL bR BRI 3
B RERGEREN-15 °C, fRFIREN 10 °Co H PVC HJJBNIEIRIEFRAE 4 °CF i 2
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h 5, #FF]-15 °CK 11 h BERUAGEIS, RSEMELE 10 °CF 11 h BEHUMEI S, 1K
URAMEIAIL 24he AT N — IR RGBT FR 25 F I B 787K 9 28 5258 08 PTG B 7K &
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(1) Fo AR BERTI E o AR SC5 R A B AR A s o0 28 3 S I K B v 1250
B 0.1250 g LRERONSEALERIHIRT, RGN 1.00 g iAWY (NaxOy) JREIFHAER 2]
i 0.25 g NaOo, T 700 °CHy #p b ORI AR 15 min. f542 #1 5 WL 3R p B 330,
RGNS HOKIBest i, BT 350 °CIH R _Em#vaf 3 he WG, HEEE
EPEAC E, R UEAR B R UTE R B A R 250 mL AERT, H 1% URESED i
2 (HNO3) Ml ZVE G BRI 2 mL KRR (98%), ZMM/KERGH® 10 ml %
WEEOED, BHEARME, ERERMAESEE 74 5E 1 (Inductively Coupled Plasm
a Mass Spectrometry, ICP-MS) ill%E .,

(2) ML R ARid IR TR AE REOs drid ik FEIE 2%, EIFERZE
T S AR, RFEEIR IR T REOs % &5 500 mg-kg! FIAINEM LRI, FRid
IS ey, Aic i B o R AR SRR

i vy v e I @z i R = T
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LR (%) = o X 100 (2)
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1, BC Ml AC N3 rp o0 22 ()T SR BEFIR IR BE CRBF T FR s IR B2 28 500 mg kg
D,
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MIE REOs ¥ FE 5 # A3 21 s 456 - B 2 1 R AR T 2 o . REOs & 815 2VR 07 /5 - 4% REOs
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R RS R B v B A T SR AR ) e B AR P
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0, — ai=1 Vi1
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A, WR NI G L34 REOs IRICER (%) w IR & B RIE KB ELE (%),
CioNIETT )5 REOs £ BIR A HIKE (mg-kg?), n AFIRESHE (n=4),
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BD (A)= (a,-a,) + (dy-d,) + (£-£) (5)
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BD (O)= (g,-q,) D
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mp
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mg
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A, ma. me. me M mp NEIEE AL B. C 1 D BIWIIGRE. M, 7fE (BD<0)

FoRAXS TG A BARBE RN, IEERR (BD>0) KB fER TR L,

IEEFRR (BU>0) X THIGEAML, RREEZ, mifE (BU<0) FRRB.
FHRAE 6 &2 o BRI AR R (TR y:

|ae, +de, +£,- Cay, #dey +£,) |

TR(A)= o (1D
TR(B)= |gt1+bt1+et1-t2(it2+bt2+et2) | (12)
TR(C)= |j“M“ml't;_ffzwtzﬂtz) | (13)
TR(D)= |1t1+kt1+it1‘ (ltt2+kt2+it2) | (1)
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[ j=i
uoneurio j M-

#: A, B, CAHID#HH{RE S~2mm, 2~0.25 mm, 0.25~0.053 mm F1<0.053 mm FRE. T8 a~f REHHKE, g~1 2%
4%, Note: A, B, C and D stands for 5-2 mm, 2-0.25 mm, 0.25-0.053 mm and < 0.053 mm aggregates. The letters a-f are breakdown
directions and g-1 are buildup directions.
2 PR A%
Fig. 2 The 12 possible transformation pathways among four different aggregate size fractions

1.5 HiEAIE

KH SPSS 20.0 Geit A AR H $L R 2R 77 2408 (One way-ANOVA) #1 Duncan 7%
ITANF AL R AN [FHE FR 2 18] ) 2 53 2 2 PERL RS (P<0.05), FH Pearson A& ill~F- 35 joi & HLA% 5 4]
FARAH T B 5 77 i B A 5% 22 %0 (SPSS Inc., Chicago, IL, USA). K] Origin 2017 (Origin
Lab, Northampton, MA, USA) 2 A3 AT1EE], R A5 AP E b2

2 43

2.1 REOs#RIZEINES;EimEIILER

TR R ARFR L FE ' REOs ARt ISR N 62.87%~86.21%, 10 AR 91.23%~
101.32% (K 2). H 1, NdOs FIbRic Bl AR I RIS 3R B 5, LaoOs BAR IE IS 28 A i
[ R AR « 0 R AR 3E )5 5 LaaO3+ Sma0s3+ Nd2Os F1 GdoO5 FRIHE I (81 W R 4351 A 83.77%~
129.80%- 89.26%~123.88%- 91.52%~115.02%#1 84.83%~116.40% (& 3). [A—i4BEH
UWHUR, TS50 AbFE R LayOs VR IR KT T100 4bFE, 17 GdoOs IR FICR AR 1L
HEZ MK

3 2 B EEIERIC B R AR i B Y 2R
Table 2 The labelling recovery and wet sieving recovery (%) of REOs

R ECE liElved
REOs
Labelling recovery/% Wet sieving recovery/%
La,03 62.8744.86 91.23+1.09
Sm;0; 63.2441.94 95.9743.34
Nd,03 86.2144.06 101.321.16
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Gd,0; 72.3443.28 96.2444.18

& 3 TREIALE T HLEE NPT H R
Table 3 The wet sieving recovery of REOs under different treatments

Qb RRIREL P el
Treatment Freeze-thaw Wet sieving recovery/%
cycles La,03 Sm,03 Nd203 Gd203

T50
3 95.5442.30Ad 97.93+2.67Ab 95.6143.10Ac 94.4942.29Ac
6 103.7740.76 Ac 99.88+40.33Ab 92.8144.28Ad 99.8040.82Ab
12 129.8043.08Aa 110.7343.28Aa 115.0243.91Aa 114.414#4.51Aa
20 109.2244.05Ab 112.66+1.86Ba 103.2744.44Bb 116.4043.03Aa

T100
3 88.2742.91Bb 93.2244.43Bc 91.5246.13Bd 84.8346.40Bd
6 84.4843.33Bc 89.2642.12Bd 94.0044.24Ac 92.2644.10Bc
12 83.7742.94Bc 110.1447.61Ab 104.23+1.59Bb 108.7645.41Ba
20 96.0644.47Ba 123.8845.77Aa 113.2344.80Aa 102.1545.78Bb

e TS0 AR HIEIFEKF T 50%, T100 fREHZ HEFKRF 100%. AFAKS FREAFE —VREMEHF LT, RRYILGE S KL
HH7E P<0.05 KFZEREAREN: ARNSFEEONFE— ZIRYIASKELBN, ARG KEUEBETE P<0.05 /KF 2% 5 A
HEFEM. TFR. Note: T50 represents 50% field water holding capacity and T100 represents 100% field water holding capacity. Different
capital letters indicate significant differences among treatments with different water content (P < 0.05), and different lower-case letters

indicate significant differences among different freeze-thaw cycles (P < 0.05).The same as below.

2.2 RREIA T E BIAARIE S REKFRE RIS
VR R IE IR B2 PR T7>0.25 mm [F SRR FA1<0.053 mm BRI &=, 7T 0.25~0.053
mm BB E R (P<0.05, £ 4). £ T50 AH T, 5~2 mm BIRAS B HE 4 BIEFR BT
WA FAR: 55 0 RAHEL, 5~2mm A1 2~0.25 mm RSB DIFESS 6 A1 3 ik
mﬁfEHTﬂ%AIWEET 63.4%F1 13.1% (P<0.05). fE T100 4L R, 5~2 mm Al 2~0.25 mm
RAREEAES 3 VR BHIEFRIN B 25 F FR(P<0.05), FFEARE 0 AR IEIR R 1 52.4%F1 78.9%
(P<O 05), 7E T50 A1 T100 4LFE R, 0.25~0.053 mm HIZRAALES 3 RGRMEHR T B3 1,
HOE A 0 VIEREERR T 1.4 % 11<0.053 mm [F] A4 S B2 B 25 B S 89 hn 10 ARk i 34
(P<0.05). [A—¥RAIEFEA T, 5~2 mm 54 & A2 LIBWI46 B /K 22240 1 5200 (P<0.05).
AHEET TS50 Ab#E, 2~0.25 mm FIRAE S ELAE T100 AFE N FEEENEIZL, 5 0 RIGRMEIR
L, 20 20 IRVRRE PR IS 5 2~0.25 mm [B1 54K & B AE T50 A1 T100 AL 3 T 705 FFE T 6.6%
A1 11.5%; 5 T100 AFEAHEL, 0.25~0.053 mm F15R4K 5 LR TS0 A R, 50X
HLL, 4t 20 RVERIEIR)S, 0.25~0.053 mm FIRARSEAE TS50 F1 T100 ZLFR R 435140
T 18.4%F1 17.7%. 1E3 6 GG T, FHELT T50 4b3, <0.053 mm HERAATE T100 4
MR TFREEIRZY (26.7% vs 38.5%). SAITE, T50 A1 T100 4B~ MWD BEZ BEIA K
IR PG (P<0.05): [Fl—VRELEHAN,  T100 4b¥E T MWD 2846 B N JEIZL
% 4 FEAIE T HIRABRMKIZH#F MWD
Table 4 Aggregate size distributions and MWD under different treatments

P SR 20 B EL £
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iseil YRR AL Aggregate size distribution/% PEIREER
Treatment Freeze-thaw MWD/mm
cycles 5~2 mm [#]%4k 2~0.25 mm [ F 4k 0.25~0.053 mm [#] 5% {4 <0.053 mm [k

5-2 mm aggregates 2-0.25mm aggregates 0.25-0.053 mm aggregates <0.053 mm aggregates

T50 0 0.4140.11Aa 22.2530.31Ba 41.9140.84Ab 35.61+.15Aa 0.3440.00Ba
3 0.3240.04Aa 19.3320.53Bb 58.0640.76Aa 22.4230.43Ac 0.3240.01Bb

6 0.1520.03Ab 17.8440.66Ab 60.12+.44Aa 21.9330.84Ac 0.3140.01Ac

12 0.130.14Ab 16.9320.05Ab 55.9342.65Aa 27.03%2.52Ab 0.2940.01Ad

20 0.1140.13Ab 15.62+1.01Ab 60.3340.53Aa 23.9140.71Ac 0.2840.01Ae

T100 0 0.4240.12Aa 26.4140.41Aa 43.2441 52Ab 30.05+.61Ba 0.3940.01Aa
3 0.2240.13Ab 20.83#0.33Ab 58.8240.81Aa 20.12+40.53Bb 0.3440.00Ab

6 0.14290.11Ab 17.1440.22Abc 60.8140.33Aa 22.0140.94Ab 0.3040.00Bc

12 0.2140.04Ab 16.0540.23Bc 57.3140.31Aa 26.5340.13Aa 0.2920.00Bd

20 0.230.03Ab 14.9140.27Bc 60.92+1.02Aa 24.04+1.01Aa 0.2840.00Be

2.3 RRET X HIEF R AR BRI

FRAE Bk AR H R R REOs W FE B iy [A) 1284k, 1S3 SR AR () JR e ik A% (18 3D B 5~
2 mm B SN, FrE AL B R AR AR R AR (a4 T s g (] 3D, LSS 3 IRVRRE IR Ay
B, FEMRE T M, B—C 1 B—D FIELE TS0 AH 755089 53%F1 15%, T100 AFE R
N 60%F1 10%; EFELR TR L, TS50 4 D—C Fl D—B K ES 5N 50%F1 5%, T100
AEFER) 56%F 7%, [Fl— LIRS /K EACEE R, VRARAE A IR T >0.25 mm BSR4 (1R Al
<0.053 mm FIREMEIE, RIAM 0.25~0.053 mm BIRERAAFEIL ‘A . 50 RikE
TEMFHEL, A—C. B—C MM ERM D—C FIEREIEHRBIEH T 2E M (P<0.05). L
T100 4615 N5 3 IRIGRMERR ], A—C.B—C [IBHEEA D—C ERE D MM T 17%.
13%F1 24%., 7E[E—ZREEFR BT, 5~2 mm FIE4 M 0.25~0.053 mm [ AR KA &
7E T100 AR R B #mT TS50 A0BE . 7655 3. 6+ 12 A 20 YRVARMEIANT, T100 43 A—C
IR 73 N 59%- 57%- 52%F1 63%, YR 3E T T50 AbHE R 51%- 47%- 49%F1 57%

(P<0.05),
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Fig. 3 Effects of freeze-thaw cycles on the transformation paths of soil aggregates under different initial water
content treatments

2.4 HRATRIAXS LIRE RS AN T ERFN

Kl 4 TR 1 AERIRE AT BT 1) L [ SRAR AR AR A i o FERIRE T o) b, AU R A T
W96 A B RARBRE RN, T IEAE R AR (& 4a) . TLIRAIAR & /K E LI, 5~2mm
SRAAC R RE R B 8 B A R R PR B R G g 8 m - Ferhr, TS0 A0 T100 AbEE T 73 5l 4255
6 UCFIER 20 UVRBME IR IA BB (0.03%) . <2 mm [ 54 AR X e 22 B 45 VR R A 7K
KR n RPN SN, £E TS0 A1 T100 AbFE R, 2~0.25 mm [ AF T Al 4 & 55t /s
E5r A BLAESE 6 YORIEE 3 1K (0.15% vs. 0.09%), 0.25~~0.053 mm 5 A AR i e 2 76 55
3 ERRMEIR R (0.23% vs. 0.21%). TS50 AFE R 5~2 mm BIZRAR M H A S 1E SR 6
DCHVES 12 UCUR REIE PRI 225 w5 T T100 Ab B, HAESHS 12 IXVRRLEIA N 22815 2 50K (0.01%);
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<2 mm P EAR AR B R R BN T100>T50 (P<0.05), HAFRWIES /KE T 2~0.25 mm
H1<0.053 mm [FRAAFGTBAE RS ER 3 IKFIER 6 IR NIARIRKEME, 40AN
0.06%F1 0.07%. fEJERIT ) L, TEER AN THIE R RS A E 2 1R, e
TR IR (B 4b). 0.25~~0.053 mm [ 58RI R T T s 2 ol 17 AL A VR 50 40 388 o ot 344
fn, T50 5 T100 AbFRILELE 3 IREGAMEIR Nk B A S H (0.15%vs. 0.14%);  1E [A]— R mh g
WIRECE, T50 4bFE T 0.25~0.053 mm [ A4 BAH X T i B 2 3 = T T100 403 (P<0.05).
URAMEAE I 5~2 mm HIZRARIIIERE, 224005 TG KBk, RaIER 2,
MWD 5 % 4% B SR AR ARG R B 5 R 38 A G (P<0.05), TS AHXTTE il 5 2 38 1R AH K
(P<0.05, Kl 5),
! L]
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Fig. 4 Relative changes in aggregates in the breakdown (a) and build-up (b) directions
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Fig. 5 Relationships between MWD and relative changes of soil aggregates under different treatments.

2.5 RBLEIRXT 18 A B IR B AT A RS20

TEF— WG E K E R, SRiAa 5 1 J 4 B 1) ol o 2 RO A VR SRR 388 I g 388 m (3R 5D
PL TS0 A, 525 3 RAHEL, 55 20 URERBRAEIR T 250015 B SR R B L it 18] 20 i3 m 1 18.12
. 12.20 5. 5.85 fi5F1 6.33 fife MEARAREEAAKE, <0.053 mm [ 54 5 1 7] 546,
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0.25~0.053 mm HIZ&MKIRZ, 5~2 mm BRI A . EANFRYIEEE/KET, BRES 3
RURAEA T 0.25~0.053 mm PIEEAE, IR FR RIFE T100 AbEE N 825w T TS0 4b
# (P<0.05). MIELT TS0 AL, T100 AbFEF 5~2 mm PR )R FE0F EAE S 12 VAR 2
R, HINT 1.99 £ 2~0.25 mm. 0.25~0.053 mm A1<0.053 mm [ 54 i i [l 2E 5 20
I IEBIBCRZEE, I T 221 f5. 1.73 £ 2.63 fif.

F 5 RESLEE T ZHE R i B 5 A ]

Table 5 Aggregate turnover time under different treatments

VA 2R A il B st 1)

Aggregate turnover time/d

A VRRLE 5~2mm HIEME 2~025mm FIBME 0.25-0.058 mm FI%ME  <0.053 mm %4k

Treatment  preeze.thaw 5-2 mm 2-0.25mm 0.25-0.053 mm <0.053 mm
cycles aggregates aggregates aggregates aggregates
T50 3 44,3446 63Bd 20.5442.65Bd 14.4540.45A¢ 11.4540.54Bd
6 209.45423.35B¢ 50.4515.21Bc 25.4510.54Bb 22,5441 54Bc
12 408.64421.34Bb  122.11#17.12Bb 67.4548.67Ba 59.87-4.45Bb
20 803.34294.54Ba  250.63223.12Ba 84.5449.54Ba 72.5341.54Ba
T100 3 88.36248.75Ac 34.8743.21Ad 14.4421 45Ad 13.9241.54Ad
6 336.5415.54Ab 60.54:6.71Ac 44,5647 54Ac 44.4548.45Ac
12 810.34280.44Aa  172.14420.12Ab 82.4745.45Ab 81.45210.54Ab
20 94554446.54Aa  553.71247.74Aa 146.36412.45Aa 190.45229.54Aa
39 it

AT R EAIE T RN 91%~101% (£ 2), X—45% 5 Zhang A1 Horn!'3]
15 H1 1) 84%~97%, Peng Z50SH 5[] 82%~113%41 Rahman  Z5210 A7 ) 82%~ 113%HH 1L,
{Hi=T De Gryze FEU T 67%~115%. XK A De Gryze ZEU4iE S TR ERRIC A H]
AR, BRI TIRIEIR; 17 Peng SEUSURILFIRAGIA AT LA N REOs 5 3R R THI 1) 45
By AT B VR O Y RIS o ARSI vl T AR i 2 R AR R R BCE BRI I &= /N T 500
mg-kg!, M2 R ) SeieiR 2, FECH IR R KT 100%. 25 RR\ET
VR ELIE IR JE KRR SCR IR T 84%, F BHEVRBME AL REOs m LARC LT W Bt - [ R
R, NERFIRRIE AL AR .

WG 45 52 VR BB FAAE F 2 135>0.25 mm [ B A4 FR A A F1<0.053 mm [ B8 44 1) [4]
%, #4¥ 0.25~0.053 mm BRI, FE MWD B8 & RGO i AR (B 3,
4 IR 4. X 5T AR FLEE R — 0, FREEIA S PR LI A R R R, FEOK
R o 32 DR R VR i 0 A 5 2 Ak P K o0 R AR AR AE 5] ) 338 5 4 1 AR
b, >0.25 mm FRAR PN FERRFLIREC A RR, FELRaMiER G, FLBWN KD KA R
SIS 04, 4195>0.25 mm SR04 4 350 A2 AT 24, AT AR o BE /N R AR [ SR A4 5 177 <0.053
mm AR N EFLBRER D>, PURe s, FF HEA BRI ER, SHE VUSRS
S5 T TR R K SR [ SR AR 16) i 2 i S0 L@ R R IAE TS0 bR, Foili B+ MWD fifi
VR G PR B 3G N 25 BT S T BRI SA o IR AT BE A RN R B AR B T 3R
A S MR, BRI S R AEF A ME R &7, 5T A Pl fE, SuE
MWD H A R R AE A 35281 A 25 BER AR [R] — IR B E PR X8R 5~2 mm ] 544 ) 0.25~
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0.053 mm HZRARM B AL T100 40BN W3 & T TS50 4FE (P<0.05, K 3); 1E 6 IRkl
&5, TS0 ALHE R MWD 25T T100 (P<0.05, 3£ 4). X550 UKL 7t 45 3
FHABL, BEERIAE &K ERIE N, >2 mm HISRAA S B BN, <2 mm BIRAS & 2E 58N,
MWD & K. EXREERPIHE AR A IEARRR SR T, K ST WA SRR PR
RE IR . 25 FE S0 H VR RGP I v 2 /K et 45 33K A SR AR IR R D B v TR B K
R, /K E IR AR UK VR o 2 oy LR s e B OK B0, - SRR (A1 B 45 1B, BE 5
R o XM REBNE Y CNIEA B R R IGOL N, MG VIR S /KBRS m, TP Ky
2, RAESETITBRIIKSEE, TR AR, M T3k fl e SE sz, Rk
WO, HREZ MRG0, SRRSO B3, BRI B R R

RREA R, B FRAARE LRy 11~945 d (8 5), &T Wang 252275 H )
41~168 d, X[ fgsEH N Wang SRR 7T >1 mm (1) B R4 e SOV KHTEER R, HEE
AT A AR REERE (52 mm), FERAIEIA RS2 mm FRAE S EREE 0.1%
(£ 4>, FHUER REOs IREA MK, AuFFH, KEIEMAE (5025 mm) 1551
i) T R R (<0.25mm) (20~945d 5 11~190d) (£ 5). i De Gryze 14155 Hibki
A AR Rt K IR AR (9~30d 5 17~88d), Peng SIS 7t BT 35 K[ 44
) JE B B T T AT R A (23~179d 5 47~186 d), Rahman Z5RUNJ % b 2 5+ 2~0.25
mm [R5 JA B R e /N 1< 0.25 mm HIERAR (68~143d 5 146~1148 d). X[ fg&H
AT K BRI & EBAR, EVRRIEHER T, [BI5RAARE 25 5wl e i Mk A 5%, BRI K
A SRR ) T Rl e R B R G, LR B IR) R B 2 38 s e A 72 b, ANIEE WL E e
WA HI R R AR T K B SR AR s F2 20, AN KR R S 5, Int LA i
AR, [F— WA S KELIETR, SRIAR SR AR I J % B [ [ 2 R R A 20 B D 388 o I 2 34 o
(P<0.05, 3 5). X FIRESE— /5T E R ALAE R 3G 0 F 3 FL UG @ 02, BRI 33 s (]
BRI P VRAIGERRENR T B A W v S M RS 133341, 3 1 ek 2% [ SR A4k o A it 7 o
[F] — VRGP b3 R, G W06 S /K S 3G N, SR AA (1 &) i g ) S 3386 1 (P<0.05, 3% 5D
XATRE S LIV SOK R T, KGR SRl IR R BERBY, $#>0.25 mm F Rk
AL N 0.25~0.053 mm 44 s A B KA o

4 75 1%

VR RS R VR BORN L 38 4 15 /K SRl it 52 e 1 5 A 1 2 B R B Rt A, 34 T o - 358 11 2R
R E MBS . REEMME3E>0.25 mm [ B A F1<0.053 mm [ B4 i 58,
18 0.25~0.053 mm [FEA R, FEH MWD F#A%, HaZAR 00 252 3 pan &K & 1 .
LT 3R S K&, R HE S /K BT T 2~0.053 mm AR A SRR 2 5
K, 0.25~0.053 mm AR AN T i B 25 10 . MWD 5 554045 B SR A4 AR o B e i
BRFOMK, MSHEREZEEIEAHG. HRIEASES, B 5~2 mm FERMAEb,
FHAT KA BIER AR 2 (B ) S SN RNEY, RS LIRS /K E TR . SRS, REIEFR
AR, I R B I 1R BE G VR BB R B, B AT 2 7 B R T S A s A P 486 Ao v 184 0
PREEIR N RIS U P BB EE R L, AREELZMEERNESER,
AR I R SEBRARIL R g M ) Bh AL IR, SR THE R BT B PR LR s
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