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FEW/IMAL pH (B R 2 et KA I BB, 2410
T IR e N AOR DA S B B0 ST 3
A WIRKRZANZEIE pH (BB B MUK A Y
SR, SR AP 3R, I RRE R | R
JEEAER.

AR SRR RSO T SRR LI AR P AP AN [
FERURL, B ENBETSRE, PR
pH {H. I BIEE SR BT,
ME SRR AR AR 2, BEHE S, B
5347 pH XSS 70,

1 R EEE %

1.1 IR ERAH

RIS E M 1 PR, AL Y A+
FEK 200 mm, B2 50 mm, KARLM 4, WTLLEIER
—HYEiBi%. 5 R B TR 2R 1 A BR A F ) A
P Z SRR N (BT100-2T), A5 K AR i
afi 7K DUEE Ji s i N BB IR, %8R (R
TR ETEER 0.002~380 mL-min”. %A _Fig—
FERHAA A TR &A= A AR 354 (LRH-150)
FRAGRIS IR e IR, A R A IR TE A
0~60 C, HESPER N 0.1 C. FEREFERFER BT
KA E TR 0.4 mm BIAREERFEM, b7 1k
ZHAN B HIREE. ShRIEREAlK pH (R HETTE,
TRIE L HFR 1 Mettler toledo FE28 SE6 = R EE 11
M RBLEKE) pH B, ABREE HHNETER R 2~16,
FEEE =001, WEEI R, SR BB AL
FABR L w) A P2 E b B (SGZ-2)il & HLh
PN I B T R B, R 40 BT B UKL T
BRI

f ; I

gy B

| 4 Al

|

WkEds

1 REEE

PRI FH R RORy R R IR LR AR AR N R
TIPS 4 um, A 2.26 gem”. BBHE
ZIEHERFIRARRRE R 4 um, BEEA 1.05 g-em™.
WEHCENAR 1 R h 20 i, R 2.65
gem®, KRR S BET 99.96%.

RISAREHE R SRsE, PRASRmek. Sl
PRI, IR SRR S AFE0.60~2.36 mm
ZIa), Hikif21.55 mm, HHUR#E40.60~1.18 mm
251529%, KiteAr1.18~2.36 mm& 571%. AYE)%
H(CoR2.1, ERRE(C) ML, SR SRR
LB (n) Sh46.4%. EHMLO]RL, FERa iRt
BORRE), ELMESIERIAR4 pmiEk I R e il 2
HIANZ PR IRIE.

1.2 KBk

FUGRITT AT, HEalide g rokob ks a
PERTEIET, ARG E TR, 76 105 TR R
FIBEAEREAE, 395 10 EFH TS, Mk
ISR PRI K S T 2L R0 1~2 om, RIEIR
FEABAZ LA, [FIEE, UG TS SER
%, HANRAEY A,

RIS AEE IR AR Pk T, R U 2T
THAREEGS.0. 30.0. 583 C)JGHfE 24 h, DIHARSLL:
WHRERRE. FEE/KFHIAGRE HCl 3 NaOH
ST pH AR 4. 7. 10, RAEESHFH KR I
RBAKGEN A, I E R ETHE, R
AR FLBUKIB IR EE 74 0.042, 0.127, 0212
cmrs™.

KSR 20 mL FRERIKEH 0.5 mgmL (1)
BIFRRIREAN AR, NS FEAET 25, v]iE
RUABREEN. B TR AR AL 2L
FALBRIREVIME 22, HonT 2B NSRRI ) 5%
M. FEIRIEFE P, [8)RE— g BT SCEE — IR i,
FATR BSOS, SREFEASR AT IR, W
TR RIR ARSI 7.

RS R H C AT Bk B PR E R R, IR
IR = NP A 30 °C, pH B4 4.7, 10, TE
RBAK AW THRE, B — ORI & —
B, mZGEITTEREREIRE SRR (A 2
HE 3), HAUS A

C=ax’+bx+c, (1)

2 C IR TR, mgmL™; x B,
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Ao LOARMEREE; p SRR, u hiiissE
BE; o, KB R %L, HRROR:
0.01779
1+0.033687+0.0002217*°

Ao T IR
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o’ =a’bkk | (48Y), A=t—p/E,
Ao & Al o AR Fri A R A &
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E¥REE pH AELAYAS K HE 0. BRokL e ARl pH
ELADHE R AS K, i PR UL 5 0 i A s
BHIFER BT, FTLL pH {3 KRBk 5 2 5L
ATz B R IR, WA FI TR oL i BE i,
AT IR} 7 1) S i vk B U Rl 2 3 K. Z5
4(a)~(c) BT LIE B, FLB/KBITEERIAR, pH {EX)
BIFRRLERZ R, A R . 2R
TR LIFTHERA RS SRER A, B0 u H
0.127 cos™, pH 2351 4, 7. 10 B, TR K
BEIE(R 435114 0.021 3.,0.0253.0.038 5 mgrmL ™, ¥
IR CNER TR B 53 714 0.050 1, 0.0742,

-1
0.0883 mg'mL".
0.100
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B4 7=5 CHAE pH figREE T 2EMAMNTEML
2 7=30 C B, EERUHAIZRIE CHIERERIITR

HAIE 5 B, A =30 C5 7=5 CAH, pH
fEM 4 F-2 7, Bk EEEEIG N, pH EMN 7 2
10, TR AR ROEN. FLIR/KIS i ) AR
AR B RURLIE A LA TG 2. i, Y
v=0.042 cos”, pH {EZ3 510 4. 7. 10 B, BHEZHKE
TUER R TT Bk IR 537 R 0.0632, 0.0943
0.0920mg'mL". 1E pH B/ NGRS 1R, i
OB FE T AT RGN, o Sy Il AR RS B, AE
pH (BRI SRAT T, A AH R A A B HE
B Ak I Ok B 5 A SR R AR DU, Bir ATE vp 4 2 ke
THATFEF RN, F, BETE R
R T AT 1) Y, FEMERRR T, T
SECBIFORL B AH BV FHRERE N, R IR I
BN

5 R RIURLITT SRR B W (E R B LB A
BUHE/NT 1 5 4 MHELeTRUE IR, IR T
B IR IR Tt R B BN (E A B Ta) S A, EBH
Frh IR RURL Y75 T B 34 R T P F LR K 5
JE, RIHEIFERAEZ LA T MR 5]
W& 5()H pH K 4. 7 F1 10 B, BIEZREERIT
VR IR B ) FLBSU AR 55014 0.96 . 0.86 FlI
0.91, TR Bk BRI (EL N B F LIRS AR L 4031
41 0.96. 0.91 F10.91, ¥/NF 1.00.
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B 5 7=30 CHARE pH fEREE T2 FhFiEmL

Y 7=58.3 CHY, KBURERUEA) 2% Hh 28 =
WEEEEEECR, WE 6 PR, & 6 n] LU ATE
BRI, R BRE AR, B EEREE)
REEAE], Brll 7=58.3 CHTH)ZFEZtk 7=5 T
I 7=30 THHEY R EEERRE K. [l pH B3
I, ZREIE ZIRHER A T iR BV AR AR A A BH X2,
Y pH Sk 4.7, 10 B, Tk FEUEE SE I I i8S,
FEHAE pH > 10 B W4 Sk FEUEEL R T pH Ay
4 By, B30 4=0.042 cms I, pH A 4. 7. 10 B}

0.100 -
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(b) u=0.127 cm's™!

(¢) #=0.212 cmrs’!

B 6 7=583 CHIA[E pH FIEMEE T
BITERIIFIE %
o IS A I B (R 0.028,0.092,0.070 mgrmL™,
£ T=58.3 CHY, BIELMERSZ pH AR S0 H K.
IR RS T, SRR SRR
W RAERCE. FEEFLRAB R, K3
SN, BRERIZ pH {EASENaAR R I8, BT
VIAEAN ] pH (B F H TSR B AR 8.

3 HERHEHNE

FR TR T AR BRLAE Z FLA B iR 1K
o] DU —4E 2 U IR yR BB 1E T R R, 45
BREEHENTESL, N HZ0) BT k1 TR
LA, MR 20T DLl R AR B, C=0.5
mg'mL'], t=2s.

KA FEAS IEASE R 2 8T B BRI
Foud F2, (HRARYE LIAERRIRA 7T & B, FaltR
OO AR LE 22— )Lz —, B
T REAE RS R P B A S A BR. [, AR
B 2N B EER, FLBEKBREER X,
B TR ORI A PR A TS L 8/, BRI R LY
MR LLZBEAST. P, FERR ORI 250 fh 2640
H, AR R B k=0.0001s", BLT=30 C, u=
0.042 c's™ I B 7 UKL AT 7% 80 TR IR B FUL & 4%
E 7R,

HE 7T LIRS, Bieh&RIE R ITF, HER
BRPITE0OLL b, 1 H BRI Z IR ER L &R R
B, AR REAE0.97LL b X R LM
BRYABRIE I HRF—380, FIUH I ML A
RIS AR RITE AR FpHIE FRRISZSHD. K, .
VAR W3 VRIZE2.
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01007 F2 BEZHMERASHNRTE
FHZIHER TR
T: 0.075 + o pH=4 = pH=4 7/ ul pH v/ D/ kd/ 2
g o pH=7 e pH=7 gl e 2.7 !
2 A DHO0 A b10 T (ems™) (cms™) (cm™s™") s
iy 0050 : 5 0042 4 0.076 1810 0.038 0.0027 0.970
s 0042 7 0079 1.878 0.032 0.0009 0.997
= 0.025
= 0.042 10 0.075 1.782 0.031 0.0004 0.988
0.000 ¥ B840 2 400 0.0 0.127 4 0230 1.808 0.107 0.0075 0.992
0.0 0.5 1.0 1.5 2.0 2.5 3.0
FLERISL 0.127 7 0233 1.838 0.104 0.0027 0.998
7 BEFNTEHSNesR 0.127 10 0228 1.793 0.102 0.0010 0.979
£ EAMIA ST 0212 4 0385 1815 0.176 0.0126 0.992
vow o Y 0212 7 0417 1968 0.166 0.0093 0.968
o (ems) P (ems) (ms) s 0212 10 0427 2015 0213 0.0025 0.975
5 0042 4 0.061 1.452 0.066 0.0060 0.926 30 0.042 4 0.083 1968 0.025 0.0033 0.980
0.042 7 0.061 1452 0.083 0.0048 0.959 0.042 7 0.088 2.097 0.031 0.0009 0.994
0.042 10 0.067 1595 0.069 0.0042 0.952 0.042 10 0.090 2.147 0.028 0.0016 0.597
0.127 4 0207 1.630 0.154 0.0149 0.950 0.127 4 025 2019 0081 0.0086 0.988
0.127 7 0219 1724 0.163 0.0131 0.977 0.127. 7 0260 2.044 0.115 0.0010 0.986
0.127 10 0201 1583 0.197 0.0065 0.948 0.127°10 0269 2.120  0.094  0.0036 0.994
0212 4 0317 1495 0329 0.0182 0.943 0212 4 0430 2028 0.126 0.0156 0.989
0212 7 0360 1.698 0265 0.0198 0.977 02127 0456 2151 0205 0.0024 0.996
0212 10 0370 1756 0244 0.0142 0.943 0.212 100491 2.316 0218 0.0071 0.994
30 0042 4 0086 2042 0019 0.0099 0954 583 0.042 4 0083 1.965 0.027 0.0064 0.975
0042 7 0078 1.857 0.040 0.0067 0.907 0.042 7 0.092 2.198  0.029 0.0015 0.995
0.042 10 0.091 1.695 0.057 0.0069 0.927 0.042 10 0.078 1.857 0.026 0.0017 0.999
0.127 4 0245 1929 0.097 0.0190 0.978 01274 0249 1.959 0.091 0.0207 0.986
12 0248 1950 0.085 0.0038 0.997
0.127 7 0247 1.945 0.059 0.0150 0.966 01277
0.127 10 0228 1.794 0.079 0.0051 0.998
0.127 10 0232 1.827 0117 0.0136 0.955
0212 4 0419 1978 0.158 0.0327 0.992
0212 4 0430 2.033 0168 0.0305 0.967
0212 7 0109 1.929 0.133 0.0091 0.997
0212 7 0399 1.882 0201 0.0195 0.956
0212 10 0384 1.812 0.158 0.0093 0.996
0212 10 0426 2.009 0.144 0.0242 0.950
=2\ g >3 ﬁ (Zs i
583 0.042 4 0070 1.667 0041 0.0075 0.958 EX*EELE_E S Vi ij {%i s /’Efl%- ;;2
KB 1 2 2 w,
0042 7 0062 1476 0.065 0.0051 0.907 FLBUKBHUREL L LE. AR 1R " [L : }
0042 10 0070 1667 0050 00077 0.906 VR KIS Ui B B 3G 0, T e B UKL )3 i B
6127 4 0?37 ?866 0676 06224 0544 HRI, 32530122 23) MBS R 2 (EeA
0ﬁ77 ﬁw Gﬂ &% ®u9®m o T FE AN .. T B LR K 5 ik i —
' ' ' ' ' ' RERT, PIFPEIEURI AN R EEFE A pH (AR I
0.127 10 0227 1.878 0.106 0.0185 0.946 . R . v
MG, TERGR T T RIICHH B, Xt
0212 4 0352 1.660 0352 0.0232 0.910 g = N
PR AR O R TH B AR 32 pHL (EZIECK, 4 pH
: : 1. 247 0.0184 0.944 . .
0212 7031 103 02T 0188 098 ot 4, AT 4NN IE R S b RN
0212 10 0366 1.726 0.155 0.0235 0.971

T B B LA, A TSR URL 5 2 FLA TR T Y
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BUsk, 55 AN BhBEERLS EE AR IR T 7

Hew I8, (BRI ORI 520 B
R, SEHRTEEER. PRk A
SPREEXIRT 1, RN ZF LA P A
IR Ry P42,

W2 5583, uTLRI IR R B S FLIRK
BIMEERRR, HERRA:

D=a_u*, (11)
K o, HIREUE; KRR

W 7=5 C, u=0.042 cos I, S@ER(11) TS
FRELREUS B IR R RBRLE R R (EB).

x3 RERHPESENHEE

Wik pH O k S
RG] 4 2.17 1.23 0.98
0.86 0.77 0.97
10 0.25 0.18 0.95
RN 4 0.77 0.96 0.99
furEk 7 0.74 0.95 0.99
10 0.67 0.93 0.99

0.32r

0.00 0.06 0.12 0.18 0.24

vi(cm's™)
(a) TERRLEY

0.24 -

0.00 1 1 1 Il
0.00 0.06 0.12 0.18 0.24

vi(cm's™)

(b) WAk
B8 EEFFhRBRBSSREENIUEGER

MU LI B, PIFh-EFA0RE i DR BUR AT
Bl FLBS B i B 18 R s ok, 5 HL IS
BRI, HERREIIKRTF0.95. bEEpHIERIE K, k
B, KT RRHE, SCRR[17,26 R HHCA 1, Bl
IR B R B S TR B R R R HRTEAIR
Bh, & fEREAE pHIERAALECKR, Flan#3Hh 2ipH
B4, 7. 100, RERUBIAE S 5141.23, 0.7,
0.18, ZePEk RARRIETIHIIN AR IR R B S VREUE
B, MpHIE A4, 7. 100), REZIEHERNL
{53 51°40.96, 0.95. 0.93, WEE/D, HIFK AE
BRI R R3], PIFh A R 0L i
B HRRE A pHAE 3G MM REAIS, JF B i R
Bk LRI R IER R, S EOX —45 B0 5
PRy AR P HPRIAR A4 pm, (R RSH A
K, 5 TERAEIFERITREL, FEEpHEAHE K,
REUR R AT R AR, SRR RIE S 1L
IBTHBIR BEIIESRE, X R B It H DT B VR B
BN, xR

R pHIEMIFAR, T REOE K, P41
B T2 LIRS, ORI AR A pHIEREAR, 7
WKL Zeta LIS, (IR S 2L T
ZBliRERE LN, SECRIFRRL= A 28 A
AR, IR REE K.

4 i

ASAEAFRREE . pH 8. FLBUKBTREEE T
XS PAD B R MURLEAT 1 — 4 AR, 45 SR
TEANTEOL FEELEE, 704 1 pH EXHERZE
. BRLUT4iE:

(DHREENT 30 CHY, pH EHEUR, Bk
ZFE I 200 BUR IR I EDROR, Sk 30 T
i, 76 pH EEKRBIBIE ST, BAEih i ik
BRI/, FEHP PSR E(pH (B0 7 T e UG
IR, FEEFLBUKSREEZRIE R, K3l T30
Whom, BAFHRIRZ pH (RN EEE, BrLAE
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Experimental study on permeation and transport behavior of suspended
particles in porous media

RUAN Fangyi, XUE Chuancheng, WANG Yan', LIU Ganbin
( School of Civil and Environmental Engineering, Ningbo University, Ningbo 315211, China )

Abstract: Soil column experiments were carried out considering two different suspended particles (i.e., silicon
powder and polystyrene microspheres), and different pHs, temperatures and flow rates were considered to obtain
a series of migration curves. The analytical solution was used to fit the experimental data and the migration
parameters were then determined. The effect of pH on migration parameters was discussed. Studies have shown
that pH is an important factor affecting the transport of suspended particles in porous media. When the
temperature is 5 C, the peak concentrations of the two suspended particles increase with the increasing of pH.
When the temperature increases over 30 C, the breakthrough curves of suspended particles change. The surface
charges of suspended particles have changed with increasing temperature, and as the pH increases, the
concentration peak first increases and then decreases. When the temperature and percolation velocity are
constant, the relative velocity of the two suspended particles increases slightly with increasing pH, especially at
higher flow rates, indicating the acceleration effect of suspended particles in porous media. As the permeation
velocity becomes greater, the effect of hydrodynamic force also gets more obvious, and the effect of pH on
migration of suspended particles becomes smaller, with peak concentration being of little change at the same
time. The dispersion of both suspended particles decreases with increasing pH, and the dispersion of silicon
micro powder is larger than that of polystyrene microspheres.

Key words: porous media; suspended particles; permeation and transport; breakthrough curve; parameter
analysis
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