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Anti-clogging function of vacuum preloading with flocculants in solid-liquid
separation of construction waste slurry
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Abstract: The settling column tests and the vacuum preloading model tests are performed on the waste slurry of a construction
site in Shanghai and the additive agent slurry. The sediment and turbidity characteristics of slurries with four different agents
are studied. The test results show that the turbidity of supernatant decreases after adding agents. The waste slurry mixed with
CPAM has the fastest speed in solid-liquid separation and the lowest turbidity of supernatant, and that mixed with PAFC has
the slowest speed in solid-liquid separation and the highest turbidity of supernatant. The water yield, water content, particle-size
distribution, void ratio and variation of pore-size distribution are studied in the vacuum preloading model tests. The test results
show that the small-size particles become larger, and the particles with size larger than 75 mm increase by 13.01% after adding
agents and increase to 23.68% after vacuum preloading. The results of mercury intrusion porosimetry tests show exactly the
process of pore change during adding of agents and vacuum preloading. The water velocity of slurry with common vacuum
preloading decreases quickly after starting of vacuum preloading, and drain channels are clogged by particles. The water
velocity of slurry with additive agents combined with vacuum preloading decreases slowly and it exhibits great anti-clogging
effect of additive agents. The water yield of slurry with additive agents combined with vacuum preloading is nine times larger
than that with common vacuum preloading. Finally, the reasons for anti-clogging effect of additive agent combined with
vacuum preloading are explained by the variation of particle size, loss of small particles, and reduction of flow resistance.
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1 RESHEGH
1.1 RIGRREFE

TS T FH ) PRk BT b i ) A X L
VMG T THs (53R R D, R5 %
W KFE N 163%, WE N 1.282, pHEHAN 7.8,
KRR KT 0.075 mm FIRPRIZT S 13.8%,
0.005~0.075 mm IR 7 56.2%, /INT-0.005 mm
BRI B2 4 30%, RE PR &R, FEH
bi BRI/ NEURN T, B iR TR, TR
Forp SRl AT LA A
1.2 LEHF

VeI NN A 3@ A 24 771 J 2 25038 - 0k 2 7]
PIRERICIRAS, MR AR RS A A fa e A
SEPER A B o PEDTRRARRES 25 I AL = R
WX AT EE ARG EA B R AR, 4359 785
PW#EEERZ (anionic polyacrylamide, &% APAM, 7
N 2000 f7). BHES AR M W% (cationic
polyacrylamide, f&Fx CPAM, 43T &N 1500 /i) dE
RN G EN%  (nonionic polyacry-lamide, {fjFR
NPAM, 7rF N 800 Ji) FEREG &I (poly
aluminum-ferric chloride f&j#% PAFC). 2875 & Mk %
(PAMD I EEL R A2 i & A 2 S 2N 88%,
W R E MELT, B 120°CRE A SR, WA
A R, S IREE TS Y. A (PAFC)
MEER R, B i, SMEEEN27%, &%
EEN3%), XMIEEAE KIS, HAREERA
A R

2 mBEREIR IS

DUREAE R0 2 B — 5 & DRI 4T 10 R BT
I B2 R =&, AT = iR A
G FRE LRI BSRYTE, TEUOIE I FE T 90 2R 2R R 1
RES 7V RIS P BT A A E A 500 mL
2E (FNEHA 50 mm). K 0.01 g FIHEF R
EF. 20 mL B . 50 mL BEFF. SGZ-200AS HYik
FEAEE

DUBE ARG 1) B AP B R

(1) #%# APAM. CPAM. NPAM. PAFC 4 fh%!

HER, FFECHI N BB, A APAM. CPAM,
NPAM 3 Fh 2BV IR 358 0.2%; PAFC ¥
IIKFER 5%. TERCHIAPLSEGIEBOE R, EoR
PR RE, HERERS [ £E 40 min /245 .
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(2) FEFR 2B S S A RIS &2 51 n
AF| 5 ANEER 200 mL e KRB CGRELN 102
mm), W 1 Fiw, SR ARSI RN %R 1
Fin, AEFEEREK, DiREHRE I 21 4.

a) A PEFE AR, B R I S
B B ] PR 224k

DOV TH e S5 B IS I 3 i
HxF gk (AEFERERITEYD AT H R

o) BT H BRI IRt L, X BURSFAEEAT 0T .

1 BRI
Fig.1 Settling column tests

EIERE AR M SRR, B R R
PIRORE & B K/NITERBRDTIERE RS, 8679 NTU, ]
number of transfer unit, 1 NTU M4+ 1 LAKHEH 1
mg /R SISV T S BT . 1 E )
Yo EIEWEMER RN, REGHAINEANE, HE
WA, AR B A AT DA 8 SR R &

R 1 TRIMEZERRME

Table 1 Additive amounts of various types of flocculants

ZE VR IE/mL

APAM 20 30 40 50 60
CPAM 70 80 90 100 110
NPAM 70 80 90 100 110
PAFC 4 6 8 10 12

3 EFfERE

N ITEXTLE, S AE PN AR AT T i
HZHiE (general vacuum preloading, fEii#8 GVP) 5
) H 2T (vacuum preloading with flocculant, ]
PR VPF), A TE % WA A 2% B S 2 fir
~ OREEWE 3 fw). ek & afmsigsE. B
G, HHIENH. SGZ-200AS L. A FLBR KR T
HEZK P8 % . 7KL (mercury intrusion porosimetry,
fEFR MIP) SR F 2 [ 4 7= (112 52 AutoPore IV 9500 &

ARABHAT -

2 {RENA I R B STYE
Fig. 2 Picture of model tests

3 S T AR R R G SR F 0 AP R

(D 7ERRLFS WA 5 — 2 e gi + AT OiA%
N 200 g/m®), HEKJE®E S NMLIE (RN 5
em), FJESEMELF, AMB YT+ T AT (FRELIEN 180
um), HEKHEE RS LY - TAMHE, =ERVES
JEFE

(2) BB M KR GXBIER N EKEN
204%, LCEGHIEA IR SR A, X AR B 1%
TENEE) SR EABIRGE N B E R (RN
62.4L), AESLELF, 0 FEMEEE.

(3) HEBg BIEW, AV E &, HoKIE
BT BN 1 om WAEEE R AHE, H % 3 554
O NFLEE B SR RARIE s LR v B EdE 2 %
e LR NLFEHES 10 838 R AR

(4) EHRERTE. AR ES, REE
RPN I 2 BEA 85 kPa, il 352 S TR HE /K &
VeI ZIE . 3075 FE LR K 7 B B[] A A PR AR

(5) MH7KE G TRE 515 E i E s, F
MARHAE T IR FE 25575 375 s 1 e 4 R0,
I E AR AIE Y e T — ),

2477 B P e D R e S R A A AN
[H: RFEHEN624L, HP AN 936 L[] APAM £
e G INESN 0.35 g/L), RAEHRA FBIRAY
SRS BN R, B E 24 h b B RV E, HE
B LB WG AT B T R

P JL 25 TR 2 A R FE SO 4 325 FiE 85 kPa,
053 HA 7K B RN e 4 2 P ) 1) PR R A o e B 7 o e
17 15 h, Z5HI BB PR RE3AT 136 h, EEJEFIF
BRFHELERE, SRR AT . 2 7K SN FLBR Ze kA7 I
Ro
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Fig. 3 Sketch of model tests

4 RIEERDH
4.1 HE

Bl 4 953 NN 4 FhAS [ 24 790 52 20 1) 37 Ve i
SRINEZ KA R R, WE 4 R EH, &b
ZFNHRARAE — N5 B/ N EEAE N B A I, KT8k
INTAZIN N LA T o 4 FhE A B fe /)N ik FE N
X5 L FRIVR T 235914 30 mL (APAM. i 132.8NTU).
90 mL (CPAM. ¥ 11.6NTU). 100 mL (CPAM.
MEE 21.5NTU) 1 8 mL (PAFC. ¥ E 707NTU).

MHET LA 3K B AR E RS, NPAM Fll CPAM
P INEZ L APAM £, X2l T APAM 7 FEL
CPAM F1 NPAM 153 &2 Ki& i, 12l KH 5>
THERR, ATZEMER O I - R s R, TA R i
 ZERIRA T BT SR> . PAFC R IN &2 5
%, T HMEHE 3 F PAM ZEFIKEREZ . BT
KE, PIBST 255 APAM ELEHAR, PR 7E 257 &
R G i £ APAM

4 FRIZEFIRMESHEZEHXF
Fig. 4 Relation between addition of various flocculants and
turbidity
4.2 FEREEWL
ZEGF AR BIEAR, RRIIFEL RS

VR AR AR AN R, P S At A i 40
TR 4 B[R] BN AT A 23567 JR 46 Ve 2K IV
W 5 2uikEihde, ME 5 LA, RGeS
VTS, 21 5400 min ERATIEERE 9.9
mm; JUFEHRPFIN NPAM, B 5 min BIUCEEIAS)
32 mm, 295min [P E A 49.6 mm, Z J5iEATEE,
AT 8N 52.5 mm; CPAM JFEATTE L APAM F
/N, 7E 1300 min B AR, 2 J5 CPAM BT
BT APAM, BRAYIEEMLIL APAM K. 7E 4 FPR
INZGFIGTREAERIE S, I PAFC VR T 4 2 A
/N, IEFREE JE BTN 18.6 mm, X EL R AAYE A K.

WINARZIFG, MUERITIREREAR, H
KRS ERZ MRS WA RE, R EZMIA
PAFC [ EEREI SRR M 2, TN PAM [ %%
H5EERESE, X—BRUWHIMAN PAM J5RHK
(R0 FEE R RIS o

5 TRZAFTEEAERNI thiF R T L
Fig. 5 Batch sediment curves under different flocculants

4.3 BRNEZEDH

W T RIS K E T, HMTR S WOR SR 851,
R, %R KT 0.075 mm FIFORCR FH @ IRE, R
/T 0.075 mm FURCRH EE ik

6 C(a) Wl 3 KL HINIFEIR I A
APAM JEHRIFLERL 3 h HARVTEMZ 2557 A AL B s
AR GBEE G 1.5 em &b, BEELENZAL H A2
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NHEKE R 4id Rt 2 N4 IR RS A 2k,
MR LAE Y, JFAREEZR KT 0.075 mm PR,
JF 3K H 15 13.8%, M\ 30 mL APAM J& 3 n% 26.81%,
B IIMEFE R 13.01%; 22 2557 323 Jo Bk 4k 2L 34 2 1
37.48%, HHIMEE N 10.67%. HJFEGRK K 22575 H A
Tk e, AR 293 T 23.68%

/NF0.005 mm FIZERL, FORZ) & 30.3%, I
30 mL APAM Jali/NE] 25.4% C(HIT¥A IE4F 0.005
mm Ak £, K i AH 48 B4R 0.0067 mm 55 0.0035
mm PAAEAE AT TR, DU 14.47% 2 W
), BRRIERE AN 4.9%; Zeid 2557 52 o 4k S b 3
T 14.47%, BT 10.39%, SIEIKT 15.29%.

& 6 FRiLE A 5 #TE
Fig. 6 Particle composition analysis

PN BT B RRIRE 5 G AN 25 Bl
PFLEASR . WFF N APAM J5 (25 B, Y2 IR
SRR I3 4/ IR AR AR T BRE, M 0.004 mm £ 0.3
mm SN AR B BT R, &b, X2
BT AV TZ7) APAM [FKEER B P T 24
TR AL T — A 2 B S B BRI AR G K. X
FHFIAZMEL, M 0.004 mm £ 0.3 mm 6 FE P30k
FRPRLAZ P — CRARIE 0, SRR INAS 75 25770 A B
YERIA 2%, T2 BUAAE B8 TR I A2 P R B APAM 5
OrTREWRRN L A B DX R TS AR BN —
Py L IORL,  AE A B N B BRI
BN RIURE 0/ W) R RSORE A %o 386 0 P s o

Bl 6 (b) 1 3 skl N IR IG IR . IINZG
71 APAM FF25k 3 h HARDIE MR R & I 2575 H 2
AP SR ERE GEEB TG 1.5 em) =3 B BURERLZH 4
2k, Mre]DUE T i

(1) 3 FFhiddmpAnthdedy B X" K ei, RIK
# 1 0.05~0.3 mm A1 0.002~0.03 mm P4 ZH AL,
JRRVEHK LA 0.002~0.03 mm RN, MZGTTEME
Y72 Ji P R R R 43 A e T

(2) INZGUTIEJE 0.05~0.3 mm Hi2H (1) kit %
ZUHN A iz R — P 2 (g m o
B, HhneEE kiR,

IZ5UTiE)E, 0.002~0.03 mm K4 i R 2D,
KUFNHT G, SRR, RIZRZH A BT
H LD o
4.4 Hk=E

Bl 7 Ca) H P ok it 28 50 sl ool B T 5 2
FIE R T B A R 4R, I8 S R E
FFUE H KR LR, BT 4 h (T 25 HKGE Ry 275
mL/h, 4 h EIE NS, 11 h DU D8 RAR,
RAEZ) 70 mL/h; 25550 23 FURVE T 4 h (1735 K
9 600 mL/h, 23 h Z 5 A B EARLE, HT35 K %
{15 150 mL/h, £ 89 h i tH 7K E 2 A F#KE] 70 mL/h.
Bl 7 (b)) w1 5% it 26 20 il g o B2 T 5 24 771
TR R KR RRMZ, AP LUE W, 2
7 3575 T 1)t 7K B A s gk 3 ek 5 38 B S T
JE, ik 15h f5, 245773525 TR VA AN 8 51 25 Pl vk
P 1 K B2 A 6280 mL A1 2080 mL (FHZEZ) 3
), ZEMESBERMZEN AR .

IR 35 24 1Rt R 35 DL KGR 2 /N T 70 mL/h A
B vRE 8, 3 36 B 2 T 2% 1 s ) HAZK 24 2080 mL,
7 A TR 2RI H K & 17960 mL, 5738 5145
T AE HE /K 3 B AR 22 (4 h) [ H /K E 1100 mL
2R IR R 53%; 25771 S TURAE HE K 2R B 2
AFZEIE (23 h) IHIKE 11320 mL & IEHKER
63%. Tt WAL I8 B 23 T 5 24 75 L S TR v 3
IK &Y F B R AERTHA.

FH 7K 2 S K B A FIRPERT LU OR
U B TR IE TR R S KR By, (H2 I
BIE RPN AR A SRR ER MBS Z: O
NZFE R TRERAMGEE R KK ES, B
HH 7K 2R (10 45 ) ) ORI P K s I8 1 B TR
HH R 3R B AR S AUt 8%, (H L HE/KIE TE 57 PH 2 R AR
P MR, MAZFEE T HBER, fE—EfRE -
REE R IV, HHE KR 5 WM AR 1 2 th T IR K
TREEG, ARSI R AR IEFE A .
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7 HAKERER K EMEZFERE X Rk
Fig. 7 Relation between water yield and vacuum preloading time
4.5 HkER

Kl 8 Fth 7 ARG A FIB BUE 9 & K R AR
A, Al A TR R R R TR I & KR 204%,
23k 15 h TR JE, SRR 195%, DULFER T
9%, Hun 4.3 FpTiA, Xu K E RN, X
(I KGR R K E 70 mL/h CANSER A BAR & 7K 5%
163% )35, TR D, HEMX I HEKiEE
A REC AR, w1 balEe . MAE 257 =2 Pk
221k 24 h FOMZGYTE . HF7E EIEBUR LB 7KE M 163%
B2 T 96%, F 89 h I HZKE AR /N 70 mL/h (5
VS HAT LA F A I AR BEAR R, FH S5 7K 3
N 49% R /KB R 8K ED . T HIKHE
FIEHWEAGE, WA E T 136 h, HNKIEKE
N 37%e MPALIRER & K FAZRT LR Y, g 3] 17
RPN, RORGEE 1 PRI oK R

& 8 FEIMERE KR
Fig. 8 Water contents at different stages

4.6 FLET

N TR A 25 S TR I R e 5 R ) FLBR AR A R
T T ORI, R IR S R BN 1k
(R FLBE H , ARHEAS [F] R F1 g8 RS [RIFLAZ (1 FLBR
LA NTR B RS EARE®RE, g
PIFLBR LR 2 IRRs i, AT DU DS FLIRFLAE, H
IR AR L ARFLBR LU AR 56 T vk . AR S A0 R 4y
(1 INZGPTsE G ME 2557 A TR A G CREAp G
4emhb) 3 FIORAS FINERAT T KRG .

B9 (a) N 3 B NKREMZILEIL, RIS
mL R N TR B S X R LR B4R 2 1) 9% &R il
2. RHAARFEEAN BRI, 8l B K&
SRR CAAS S JRG IR 2 (R FLBR L 2.47, &t izt
VG FLBR LI 3 2.14, FE 257 H 2 fE FLBR ikt
— B E] 099, LUNIRGRIERKIN 2/5. ML EiE
AT JEFLEBREL AR ik 2.36 GBI S /KRE
FLBREL I IE Lh ok R AR ED .

B9 EXRIRIELEER

Fig. 9 Results of mercury intrusion porosimetry tests

K9 (b) 4 3 P ANRIFLAE 5 FLAR 70 A % i il
2, MRISAFEES (B RFLBRFLR) Frdt RIFFAL
BRECE . WEITATELE Y, R AL
P AE 6~45 um Z (8], WEEAE 24 pm FHE, 2500
VEJa i FUE AR E R T R AR AR TE 6~
30 um Z[A], VEEAE 10 pm T, BUMZGU0GEE KRR
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HFLBR I FLAR AR /N . PRI T 28 B2 T 5 I FLRR
LR FEAENPLE 0.3~4 um Z 8], AEFE 1.3 pm T,
RN 3125 % FALBR I R4 A FHBE R, K38 20 FLRR A
JEARAFR /N e 3 Pl il 28 N TR 06 B A S B (1) FL R B A%
224 um>10 pm> 1.3 um i3, FLBRIZE DB E S

5 EEIFEREER D

N 368 7 T 5 2 79 3 25 T 2 A 3 TR IR
PRI 2 T ok, B I ISR LAR N 180
um [PIJET 1 TAE, H 25500 2 TR VA A 3 1 R 2
I T E R S R, B, FLEFFIERE R
WM EZERFZR, MAZFITEH R T B MEEH .
TN ZG 70 0 PR 2K A ORL AR P S FL AR, T A A2 Jd i
ST S H. L2 (ar BRI N 1 B 2 < S A R T 0k
R, Bk, &—FEBEE LRE) “ 23 pE” 1E
R, N 3 5T T
5.1 BRI KEGRRE

KEVREY, LhENSEREZ, FHEHEHE
AbER AR A I AR R 2R S v e HE KR, R TR
M TRER AR SRR (29 30.3%), ik, B
SR FH A 38 25 T VA P G B R AR, 1K —
KRS KRB O RIE B .

X T2 A T s, AR 3 A 28 P] LA H
N2 piie e AR A R RS B T 4.9%, Bk
WINT 13.01%, VEHH TRFRAEG Bk AT 1Y
I, X TN ZGRE R R R A T Bk TIE (B 10
(a)), APAM &4 K85 FR I 714 2 5ok, sAs

10 2B FERIBTRHE(ER
Fig. 10 Anti-clogging function of vacuum preloading with

flocculants

BN S FREESE—RAR— N 2H], HFH
FH (R A% LE BN kL R AR K, SRR R FL N
ANEIRE, B E ES BR AR R SR s, KK
IS T RSB AT RE
5.2 YHERRIRERTNE

2G0TI S, 0.002~0.03 mm 75 HE 4 /KA )
Wk, M 0.05~0.3 mm U P AR AR 1 0k 14
I, AREE HERR K S L AR 9 180 um (0.18 mm),
R 2Rk J5 1 2 ATRLAR 5 A S L AR Lo e, R
ZGUUNE JE R KA RIGFHIR M. B2, FRHAHE
Ik 08 2 A A R B ) 200 /N £ T 5 2 2 TR R B 7
IR T R W), PR KA S 4E
NHEHE S R R, A i B A NURLAR 25 B B 7K
MR, AT IE AN ORI O, A
5500 B JE HEAT U R 56 I R 1E e A7 T B S 0
1.5 em N E, Fisr4h R EoRiZ4at /T 0.005 mm 1)
R 25.4% /0 F] 14.47% , it < Bk e — 2= (dn
B9 (b)) HFIRLIFIIA A8 22 2 1) 1 FL B A Ad 15
ZRIBIE REONR, RE—EMBREER .

ERSHTMBERNT, ZEKERR. #3h &
ST EHHES, HEA A1 R FLERImE T
S, BEEKIHES, FLERIBCN, R AR,
AT RGE

X T S TR SR UL, T AR A RS, R
Z LB, TEANSZ A0 34 P B 20 H (1 R 2 4y
ek, — B2 BSERE, FARUN & KA
HEE, FLBREGCR KU, HERRBE—E, FRile
TEVEMR I AR 2 5 TE SARIBE L) “Ue e T R A=
¥ (i 9 (e).

BEAh, 3 IS T e R T B A A R I SR
EFHA, FEPEREIFFLAETE R “ ot ”, (H2
XU RN R EH YRR HE, EAKTERE,
SBRAF AR R K R, W “RUhEE” A F)
WEMEAER . 54k, JERNEYS VR SMEEZRRZ
) (7K A0 PR, 360 3 1 2 T 2 Tl e v o
5.3 PBEPEIERRGRE

5 TR 445 T Jie A AN L A (IR A ROk 2 e i 1R
F, RIS 3 AT B AR K R S0 i ) BE BB 7 1) 4 2L,
KRMT, H—, RWNEER T RO, 5
(14186 - JURE 4 M R K A FE 8 [ B o PR B 335840 K R [
WS H GG AKMAHAK: H, ZURTER BN
DU R, A 2 W AR S FL T o0 2
(7K, T ELE A HB4r B HH KA B R A 20 Y A I PTE «
RN BRI TR K, ke [ A 2 T ) JEE i A
Wk &l R NSTRRNal ETfi)-M L EC APk N N
LTI B NS 3 1) 23 S By N A NP - R
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TER T IBE 1N, BERBOER, ME AT S
TS FE A Bl

6 &

T N2 S A N2 7 TR R 2R AT DU ReAE:
RIS R, B T AP, 15
T LUF 4518

(D FRLs BXHRE e I, AR A
TR kIR I VS N 24 7R PR b 1) Rk R AR AR
MEH] “EZPRE” EH. ERAER 27 AT LUE
TR AR KR RS, DR BB A RO

(2D 2557 325 T ao 2 o A v 2 A % T O
(P B /INIRL ST 0, S 3 T R 2 TR] I FL R K,
WINTBERE, ARTBRE.

(3) I\ APAM BRIk J5, HZHRN A
EEMKEK, FEEZE. LRSI A E 4
JIRNIBEAG IR A2 25570 3125 T o e LR R 2 o K
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