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Abstract

As the main solid waste of coal-fired power plant, the annual emission of coal fly
ash is up to 30 million tons, and the annual ash reservoir area increased is up to 82.37
thousand acres. So much coal fly ash needs a large of cropland to deposit and cause
many environment problems in atmosphere, water and soil environment. Only a little
of these fly ash is used as building materials products, building engineering,
transportation and soil improvement etc. The recycling technique of the fly ash seems
to is more rough, and the industry chain is so short. And the researches which apply
coal fly ash into the usage of wastewater treatment have not achieved some important
results and the research depth is inadequate. These researches didn’t develop new paths

in comprehensive utilization of the valuable resource to the greatest extent.

The accumulation of the nitrogen and phosphorus can cause eutrophication in
lakes and estuaries. Therefore, the removal of the nutrients from wastewater before
discharge has been the highlight of research in recent years. In this study, the
hydrothermal conversion of a Chinese fly ash into zeolite has also been investigated
intensively as a function of temperature, liquid/solid ratio, NaOH concentration and
reaction time in a closed retort. Denifrification and Dephosphorization of synthesized
zeolite were determined and the characteristics and mechanism on the simultaneous
removal of ammonium and phosphate in the domestic wastewater were also probed.
The main conclusions are as follows:

(1) The removal rate of ammonium by zeolitized fly ash could reach the
maximum value of 60% when Ph was between 7 and 9, and decreased out of the pH
range, even lower than 25%. For phosphate, the minimum removal rate of about 74%
was obtained within the PH range of 7~9, and the removal rate increased to about 94%
beyond the PH range. It was proposed that the mechanism for the removal of
ammonium from wastewater by zeolitized fly ash was cation exchange process, both
precipitation and adsorption for phosphate.

(2) Synthesized zeolite was efficient to purify the ammonium and phosphate in
the domestic wastewater. Ph and the concentration of ammonium and phosphate in

influent had an effect on the simultaneous removal of ammonium and phosphate in



Abstract

zeolite granule column. The concentration of cation in wastewater also affected the
ammonium adsorption of zeolited fly ash. The phosphate removal rate was lower when

Ph was not adjusted, but higher in acidic and alkaline conditions.

Key Words: synthesized zeolite; fly ash; ammonium; phosphate
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Table.1-1 Utilizing status of fly ash
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Table.1-1 Utilizing status of fly ash(continue)
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Fig.1-1 Typical structure of zeolite material
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Fig.1-2 Sketch map of mechanism in zeolite synthesization via
liquid-state transformation method!'¥
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Fig.1-3 Sketch map of mechanism in zeolite synthesis via

solid-state transformation method!**!
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Fig 2-1 The formation process of coal fly ash
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Bi%.

(2) CaO: MEKH CaO FE—HBIMK-

(3) Fe: ERMERFTIENLAS, ZHAEL RS, BERRIEFH
TR % BB K .

() HE: BEKPESEN MgO. NayO. K,0. SO & — B IR 7 T ok B A
H.
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Table 2-1 The chemical composition of low-calcium fly ash (mass percentage)

ﬁSZ ﬁ' SiOg A]203 F8203 Ca0
FEHE 50.6 27.2 7.0 2.8

WEhE 33.9~59.7 16.5~354 1.5~154 0.8~0.4

B 4 MgO SO; Na,0 K,0
EiE 1.2 0.3 0.5 1.3
BEHWEE  0.7~1.9 0~1.1 0.2~1.1 0.7~2.9
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3] 0.330
i 2.1 3.4 48.0 106 66 780 365 222 59.8
0
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BERTYREEYR, FERTANEGTARELRAT. BEK ﬂ%EE
41 A b B ARADL A R R AL R R SR T AT RE

232 BBEREABANTMER

ERBANTHERREH, —RABRBERES. BBORE. RELL. R,
ke B R b 1) &,

Bl & REE—RE 80~200C, BEKRAESEHR, BETIKH, & R EK
K, R EER. —BTS, KB, BELHT, REBHNERHE—, BUERE: B
BMEE. EHEHT, FENSRERE, BUBEEA.

BWBREE 0540 mgL' T%, % n(Na2y0)/n(Si0y) K — % K b 61 & [
(1.36/1.00~1.51/1.00)"'es, FrB R RHM LR E L FAZEW, EETRHKED
ERFERM, BERSEDHE, RUKKEM T &R S mm e, B g
hEEFEANEREE. FUMERIEREREMNEN HAMERESFE TR
Befe R TR

BEENEGERERAEWE, BELKST, BREMNTERASER,
ERAESHARIE, MESEMEBRBE.

RETYERYRE, REARFRAAMNMROEERZWRELEKNEER
&5,

BUNEEREE, NEOKEREABES, HEAKKIXES ZRBEEE K
.

FHAEE-LEEETEINSGRAEM. A XMCBEMNETERRE. B, KR

15



BB T RFRL AR

%,
24 HAHBRBERLEURNIE S

241 BAEKREAMBNE
1. EREBRNE

EhbA BB RMIEENE TR, AUARAREERENEREREND.
BAKFEAERANEGE S, AT ANHEETFHESREAAFARTHAE
a5, NTIESTFRAERREANEY, HBATFEEBEINBERAER, B
MAHRBHEME. BAENSFHRMREREERN, REVRERFTFERD
FTHAELRBEERNYRA GEHRHK, TRXTFRERHYRANBEHRES . 5
b, BEEESHROBFREENE, RIS FOEETHME T,
Cs"™>Rb*>K*>NH,">Sr">Na*>Ca?*>Fe’*>A1> >Mg**>Li", LT aMB AR EHFA
HEREBHEERMEESD, KEFHEESTERNTFHRANAREENER, §5
BATLR, MEBANEAEHT, WU ATPBR SiYHTERN A H Na* K,
Ca's Mg % £ T, HAXEHETFRERRBEMERERKEH E, ABTRE,
SERTHEFRESSR, FETIRBARARSHARBTHHEETFMK
Na‘'. Ca®*ZR4X#H, ¥ K'. Na*'. Ca"BHTRPY), Ba5%BEFHT M
AT EE TR : Na'Z+NH,'=NH,"Z'+Na*, Z H¥% A, BT, HE
FREBNHEEBTEFTHRANGMAMTARAERNER TUBEFLHA
I [42] .
2. BEBIE

FAREKERKGFRRENHARERETH, HEKRAARFEREL
MR HER £ RBRE, TERERFEALEELBELYRI BT KFRK
MHEFERMMREAMRIE, NTERBBTHHERE, IREKERHA
EUEARESHERKNVLTERBRAN, KEFERBOEBELY, EEHTE
REELOEMEK, FURE—EMNRBES. '

WERERBRARTHESR, ATLUEEBREHBEAR, FHRTE
SE—R, RESHEBHEIRINETREARRBRHAER. AT HEZR
AHRSERFRBIEXZEER, BREBBEEZHILH, A, B
BRIOBERAAURTE RS EN PR A 3P K 87 8 L % B
FRAGEILERER. MBARENEAERTRHENL&RBBRELE,
Eit, MEKEEBANBETRHMORZT RGN ERHTFFREMRAL

16



2 BRRBAEHE R

THMIERGE, RARMEHHRERE, SRERFOER PHETREZL,
B bAoA A 7E & FR IR 3 44 F B B ARG R I R (K B S B —
%[46].’
242 BGHBERBTE

BB AMBEARBLIESE AY0 T (F 22). UCT IZ (B 2-3).
BBt Bardenpbo T% ([ 2-4) %, XBTEHAEHE. FEE, BREFAN
ERERRME. B8 meTFosERERRENME, TOIEEEHHEE
BUHEERABEANEE, SARETRBEANNE, ELXELMMAHE
REERANRNMCT, fsh, SBR T L1 B4 BT 15 B A 1h 10,

T8 & W E iR
#K _ _ o “_ HK
Res |y | SR || AL R |
Bl #ii5 % FRE5R
B 2-2A%0 TEHEHE
Fig.2-2 Process chart of A%O
B AR
Bk 3
K HK
| maw |y | wmw || f s || ] wwn |
A
Bl 5 ¥ BRI
2-3UCT T2 HEHE

Fig.2-3 Process chart of UCT

17



ZREIRETHFIRY

BRE B
#k , ‘ *
v, | BREIH FE R P& | HE" T .
A
(5]t ¥ 8 FIRETR
& 2-4 DU Bt Bardenpho T Z 2 H
Fig.2-4 Process chart of Bardenpho
243 EMR AR BFEN S

ZALENLHFENASHR, FKEDRERBLCELAAEEE, UEM
AYO TEHEMM—RIFHIZBIATIZHNA. HNEFE AN E
RE, AENGKEVBERBIZEFELERBRARE, FEBRKNLH
HRAREMERAY, MEBTHEPREEEEXERA. X TRERW
HERZHPDESHAEEREE HTRZESOER, FRTKLERES
DAMTR. Bk, FREBRAA. RETEERA. REFEFEFTR, K
SRYHRASP, B C=R—07 BEKABREARBRALFRATNEX.

25 MFERAEHERER

2.5.1 LR

SRFATFERBAMRERE BEFEEE RV R AR fRERE

2, HAZEsRA X HEREKEN (XRF) 447, FRAEK2-3:

®2-3MBEROLELR VREE2H0

Table 2-3 The chemical composition of fly ash (mass percentage)

¥ TE WS Ch
Ca0 1.87 ALO; 32.87
Fey03 3.47 Si0; 54.48
&) 0.89 SO; 0.18
Lol 2.97 BaO 0.06
MgO 0.73 V,05 0.05
MnO 0.02 710, 0.024

18
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R23BBROUFAR ()

Table 2-3 The chemical composition of fly ash (continue)

(%) CE (2% Ch

Na,0 0.25 SrO 0.02
PzOs 0.37 CI'203 0.012
TiO, 1.26 NuO 0.01
2.5.2 RN
LRI EFTEREE LR 2-4:

F2-4 LRTIENBRE—RR

Table 2-4 The catalog of main instrument and equipment used

TRNB[BALR M5 P4

BB AT DGX-9243B-1 %  LHHEHERUEHRAF

A wEP KSY-12-168 bEEREpT

I 4 BE 1) AL XA-1 IHELEHTRENBHER
(N

ARUHRA KK DS SYZ-B IHEEETRENBHNES
BR 2 8]

BAREKR TT-98-11 RERFFNEARLT

AR ST R EL  TU-1901 R EANURERAA

R B LA TGL16G LBEANSBERAH

3% %5 L 4L 80-2B TEEBERREFARAA

253 RRHRMIERE

RALGHAKREREFTERER, GRIBRANERNERELER
(>100CH) BB RHEER (<100CH), HRBARNYH LR EHEEF DA
M EES ST, BRIEKS NaOH B (R 0.5~5.0mol-L" Z &)
B lhl RELKE 1~10 ZE) BRAREFEERELR, BARRNEE

19



ZREBTRER-ZARI

(60~120°C) FIRREET A (2~48h) RN, ERRABZLARSE, A CaChL %%
WHEMESUEEFK. 5% ZBRERE, T80 BF, &H.

20



3 BAENEANERIR

3 BANERNERAR

EHEUEAFTRATDRZBEBRRNNE ALY, 2EBATEHR, HEHT
ZFH=AKIHZ—. BUEZSRAUEREARENT., FERENT., WK
g, EURHERE. BAKITAARFIAYENIHEZKRE. ZFRE
WI0KF, BRENIEREEEETRIN: BEI7HM, KK 42 M. KK
B S0 M, FEERYE 15 . FREE 6 Wi, FEE 4 M. K 28 i, REK 4
T, “HEFBK (DMF) 4 i, BREBRE_ELEI TS, BREFE
RHEBKFP, W EREALEF %, ERRECERAFREKELNRRBFEK,

SAHHEARZE
3.1.1 L
SRR AAEETRESE =Y ET AR RURSE RIS E, LRE
KAEEELERAFREK, BRI aNERLE 3-1,
®3-1 BEEKKRD

Table 3-1 The analytical result of methylamine wastewater

VIR COD BOD; PH TN NH;-N MEIENF
KeEH, BEHHE
R & /mg-L! 738 402 10.37 112.08 95.81
., HIRE%RK.

i BRI R 3-2:
% 32 KRATAAR
Table 3-2 Experimental reagents
5 4 R Z 5 B 2 AR 2|
1o B B AW AR BEREA % T4 AR

BELBREGEH o4 AR 95%Z B ¥4 AR

AL RN LR S T4 AR
f8u4m AR AR LS A4 AR
BHRER  SH4AR AR A4l AR
FHE A4 AR ERR S T4 AR
HRE A4 AR A St AR

21



ZHET KPR

# 32 KBRAAEM (8
Table 3-2 Experimental reagents(continue)
=R %5 R 4 R )
R AHT4E AR R T4 AR
Lk S HT4 AR A 44 AR
4.4 A4 AR WRE ¥4 AR
HE A A4 AR BR-EH W4 AR

BiR % A4 AR PR B A4 AR

2R FHE

R—EEBHEGT SOmL BOEF MAHE—ELH FREK 40mL, FH, &
KRRy —EHEAE, BOSE, BEMSELEHIER T EERTE
FIREHLEERNEE, BARME. PHERNTHEREFHESEEEZREE
I .

ABARKBEMHEMEENBRBRENLR 3-3 MK 34,

£33 KEIMGE
Table 3-3 The analysis method of water quality
F 5 WA SY 477 i 1 R 77 K U5
01 PH E#RXPHitik (B) 0.1PH &AL
02 CODg ERREE 5mgL’  GB 11914-1989
03 AR SRHEMEREE 0025mgl’  GB 7479-87
04 BOD;s BHBEME 2mgL?  GB 7488-1987

05 B& 5B 0.05mgL’  GB 11894-89
#34 LRFTEMBRE—UEX

Table 3-4 The catalog of main instrument and equipment used

TR AR MRS B L

INERBE A28 JJ-4A B FMEELREAF

B it 2% GSP277202 B ILHRERIZELHE]

BE TN B RS 1A THEEETRENEHEFRAA

ek Rk HI-5 B THAEESIEMRENBHEARAA

22



3 BANERAHLRIRR

R4 TRIBFHABFRE AR ()

Table 3-4 The catalog of main instrument and equipment used (continue)

LRNBHR RS HlE ok

WA R TR A DGX-9243B-1 B LBHEMIRFEEFMAT

E#A PH it pHB-4 % LEREREURERAR

A Ly KSY-12-16S st 3ol

[ 4 B ok A —_ THESETRENBHEHRAF
AR FAKEESR SYZ-B & OIHEEETRENRFEFTRAF
M A TT-98-1 & RARFHUBERLT

B3R B ) 7 2% JBZ-14H ® tHEERERERAF

EHREFAE TF-1A & LA EET TR

AEW B HIR DB-3 & THESETRENBHETRLA
¥ EERKBR HH-8 & OHESETFENBHETRAA
ER i A 723E & tEEEREUBERALA

32MMERAEARFGNEAEREIE
320 WABREMNEKHABREAEENT

ARF NaOH ¥k EF (1mol-L?, 2mol'L"?, 3mol'L?, 4mol-L") #&BHWELL 5:
1, 4REE 100C, &/ E 8Sh &RikA, EKEKETLHE, NTTHESK

BARERRE. RRERWME 3-5 Fir.

R 3-5 WBKRENERERENEW

Table.3-5 Effect of different alkali concentration on ammonium removal rates

R/ (mol-L™H AR EKE( mgL™") FEBE %

1 55.99 41.56
2 37.98 60.36
3 43.9 54.18
4 47.67 50.25

B 3-1, 8 32 RETAHMEHF—ERBERT, BRKENSALCHETRE

K RREBRRUROZE.



ZRBTREBA AR

50 r
40 r

FRAREEIRE/ (mg/L)
8

1 2 3 4
Wik E/ (mol/L)

E3-1 MBRENRREBRENEW

Fig.3-1 Effect of different alkali concentration on residual ammonium concentration

01

60 r
50 r

1 2 3 4
WRE/ (mol/L)

B 3-2 BRKERNEREREHRW
Fig 3-2 Effect of different alkali concentration on ammonium removal rates

M3 ME32 TUEE, BERKENENERNEZRETBEEEM,
Bk BE7E 2mol L BHAFIB K, BLr XN 60.36%. LBKE AT 3mol-L” #Y,
KEAMERERTH TR,

EHBENY, EREIHAZHERR: HEKRETELWREKNBRER,
WREEROEAME, EEURFEEMKENFTR. AR NaOH KK T & KK
WEMEE NP A, BRARNRESHA. P NPl BENZRAHR B A
BHENRA, TRETHARBERNKOBE. EREET 2molL" H%kH
TREARMBEHERR, BEEREOEMBERR O BHEIEM. &TKRE

24



3 BAMNERNERAR

A F 3molL”! HEBELBBEARNECHBEFHE, FLUKRERT 3mol-L” 1K
FEEARTT R,
322 AKEBEMEHBABRALENE MW
R E F(607T.80°C100°C110°C )% B & A it [ 8h, NaOH ¥k & 2mol-L”,
WELS: 1 ERHA, MREREKETLE, NTHREHAERNEERE. &
%4 R F 3-6 FiTo | -
%36 BENEEERAENYH

Table.3-6 effect of temperature on ammonium removal

#E/C BB EKE mgL” £ E/%

60 69.17 27.81
80 57.01 40.5

100 34.81 63.67
110 65.29 65.29

B33 fE3-4 RETERMEHF—EMNERT, SRERXHBEEZHREAN
REOEW.

60 80 100 110
&E/C

B33 RENEREZRENEZR

Fig.3-3 Effect of different temperature on ammonium removal rates
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FHBTRFBAFEMIRI

Qo
o O O O
T T T 1

(=1
T

BREEIRE/ (mg/L)
-

(=4
T

o

60 80 100 110
BE/C
B 3-4 BENRKEEAREOEH
Fig.3-4 Effect of different temperature on residual ammonium concentration

mE 3-3 ME -4 TUFLEESREEN LA, ERNEREHNEZ LS.
100CLAE, LABBRE, £ 110CH, AN ERNEREEFEK, H 65.29%,
EUNOCHAEARERENES . AEMBAREBEHEN 100~110C. X
EHBEEABERFTHEOERK.
323 AHEEMERBARALENTI

TAREPAE SR A (4h. 8hy 12h. 24h) B, HEHWEL 5: 1, NaOH KK
2mol'L", B 100CARBA, WHRBRKETLE, NTHEXRERTHA
MBS R, RRERWMEK 3-7 Fir.

%371 BAEGRHEANERAERRRORH
Table.3-7 effect of different reaction times on ammonium removal

R BB [ /h REBEKRE / mgLl! BEERE%

4 52.36 45.35
8 49.08 48.77
12 37.02 61.36
24 42.36 55.79

B 3-5 & 3-6 RN T EEHMAH—ENERT, &R EX %A ERFBE
KPERBRMZW.
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3 BENARAMERAR

—_

w D
(=4 o
T U

e
o
T

FRAEEMRE/ (mg/L)
Y w
s &

—_
L]
T

o

4 8 12 24
B R/

B 3-5 ARHENZ5ERAREMNER

Fig.3-5 Effect of synthesis time on residual ammonium concentration

0 r

60 -
50 r

4 8 12 24
BT E/h

B3-6 aRMEANRREGERNER
Fig. 3-6 Effect of synthesis time on ammonium removal rates

B 3-5 ME 3-6 ATLUE W, % 120 fl, FREKTEREREREE & R E
EKEHMK, £ 120 HEFRKE, K 6136%, BT 12h )5, ERXBREFH
TH. RfEHAEHRANEY 12h. XEERARFLRM 12h BAHHAKE NaPl
BENERA, EUNIEERMESZEA. BENEKE-SHEE, ZHAR
b, TiNaPl AL BERERTLERST Y, ARMEEK, ZHEEFHER
SRTEREREM NPL AL, ENPI BEHEFRARANFTTERG. £/E
BB K, HA AR EBRRRS.
324 MEILMERAHRRAEENT T

ARBE L (2:1, 2.5:14 5:1, 10:1) B8 & AR (] 8h, NaOH ¥ B 2mol-L™,
BE100CERBA, MEREAHTLE, NTHESRHERERELL. K%
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ZRBLRFRLEART

ZRWEK 3-8 Fim.

% 3-8 RRMWELNARMERKE

Table.3-8 effect of different liquid-solid ratio on ammonium removal

ol b BB RKE mgL AREBRE%
2 55.08 42.51
2.5 52.08 45.64
5 40.46 51.77
10 38.28 60.05

B 3-7AE 3-8 R T ERMEREHFHRMERT, & A KBE x5
AEBERRANER.

60
250 '\\\‘
~
o
St
~
%
-4
w20 [
&
|10
0 1 1 3 J
2 2.5 5 10
HiE

B 3-7 WE LN RRERRE OB W

Fig. 3-7 Effect of liquid-solid ratio on residual ammonium concentration

701

60 -
50
Lol
gzxo
W
20
10

0 I ! L

B L

3-8 WEHLNEREZBRENEW
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3 HEMEEANERRR

Fig.3-8 Effect of liquid-solid ratio on ammonium removal rates
mE-THE3-SA B, HELEKX, EALREEX. REEEPERAR
B FARBAMKREXRDAFT RS, WELLEN ERBANHEERENZMN:
W LA A A R B — HINaP 1B A, BRI A NP1 A RIE A . RERPIHAAR
B, WEALBK, BAENHEFXAREE (CEC) &, HAHRERBLNT2S
i, CECHNRR, MECECHEMER. ALREINERENEARERENE
BEEW, LT AR AR BRI b A T A s AR

3IMERAABRANERTR

FIHEBRRLREAGEIBREEREZRE, AU LARELRTERXR
B ERBERBEERBRERN. REARZAR, ZRHEXKSREANER
FEFRER. AREE. SRR EMBEBRKE. TEERRZANTEE,
REARZARNER, TURTZKFHERREXRR, FBEKFRLE 3.

#3-9 EXHABRAKFEER

Table 3-9 The factor lever of orthogonal test

A B C D
A%
WK B /mol-L! SREE/C AMEEM ¥ 14 B
K 1, 2, 3 1, 2, 3 1, 2, 3 1, 2, 3
%1E 1, 2, 4 60, 80, 100 8, 12, 24 2.5:1, 5:1, 10:1,

AEEFEEZMOTEER, BHELE LOYRHRRK, LK 3-10.
F3-10 EXERRHER

Table.3-10 The arrangement of orthogonal test

KRS 5 5 RRERA EHRE
A B C D WA/ mg'L") 1%
1 1 60 12 10 56.97 40.54
2 1 8 8 25 46.22 51.76
3 1 100 24 5 39.06 59.23
4 2 60 8 5 50.93 46.84
5 2 8 24 10 45.68 52.32
6 2 100 12 25 30.57 68.09
7 4 60 24 25 45.95 52.04
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ZHE TR EART

R3-10 EXERRAER (&)

Table.3-10 The arrangement of orthogonal test(continue)

RS 5 5 RREAR PN ¥ S
A B C D W/ mgL™) 1%

8 4 80 12 5 4297 55.15
9 4 100 8 10 59.26 38.15

KAREEN TGS LEE, BiFEANMPTERDK 3-11.
F3-11 BREMIHER
Table 3-11 The calculation result of single index
EERE%
A B C D

Ty 15153 139.42 13675 171.89
Ta 167.26 15923 163.78 161.22
Ts 14533 16547 163.59 131.01
Kn 5051 4647 4558 5730
K: 5575  53.08 5459 53.74
K: 4844 5516 5453  43.67
R 7.31 869 9.01 13.63

HFE 3-10 TUEH, ABCDi&HT, EREREXTEZR, H 68.09%.
REREZEST, PWEREREMNEZ ERIFF A KE L>4& B E>E KR E>
WK E. FUBERRARBAEFEN: WRKE 2mol- L, &HEE 100T,
& i) 12h, WE L 2.5,

JABMEATERBANPREKNERUR

EREGBRREREGTERBA, HEREKHTLE, RERENTHERN
ZEM 95.81mg L BE) 27.52mg L, RBREIAF 71.28%, BELEEFHTHAKL
BERILEK 3-12,
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3 BANERNERAR

£3-12 BEARBALBERKLR

Table 3-12 The experiment result of treat wastewater by optimal synthetic zeolites

VIR mgl! REFERE mgl' ERE/%

= 95.81 27.52 71.28

BOD; 402 319.19 20.6

COD¢, 738 470.1 36.3
S5 AREREFENAE

CRUEBREGRBRATRE, AXEZBENERARKNREEZRAR, X
EHERZRARVERATUT LR, UHERA AN FREKLCENRELR

%M.

SRHE: [W250ml ERRFRBEARAEBNHRE, BH—EHE, &id1: 4
B A 2 mg'L'NaOH % PH, A& RE TN RNATEARTPERRE.

3.5 AARMEMEBRBRNE I

EZELHTFT, AT PH, RMAE 10min, Ca B FHRM, BRMESHH 1.
2. 5. 10, 15, 20g-L™ W AR BRAKBEAT AL B, A TTO M 52 52 B A 2 B K B 356 R B

BESRKE. RRERWME 3-13 Fir.
R3-13 BERMEBNERBRNE W

Table. 3-13 effect of different dosage on ammonium removal

BmeE (gL 1 2 5 10 15 20

BAEEKE/mgL! 7889 7653 60.66 57.48 5522  53.12

BEAEBRE% 17.66  20.12  36.69 40.01 4236 44.56

B 3-9 FIE 3-10 RETERMEHEAZHERT, FRMEMERNHEARE

3 d:08 200

k)



THETRFR PRI

1 2 5 10 5 2
HEBmE/(gL)

3-9 BAEBMEBNERERRNEW

Fig.3-9 Effect of zeolite dosing quantity on ammonium removal rates

90.00
80.00
~T70.00 [
5
= 50.00
¥
® 40.00
®
& 30.00 T
= 20.00 1
10.00

0.00 :
1 2 5 10 15 20

Batmiiel)

3-10 BARMEMNZEAERRENEW

Fig.3-10 Effect of zeolite dosing quantity on residual ammonium concentration

mE 3-9 FE 3-10 TR E, BMERN, EREZREQEEMENE N
SERK, BRLUEMEZT 10gL" B, ERELE 40.01%, BRERKE 57.48
mgl?!, EHEHMBMNE, EEERZENELHE. NEFLANARER,
R ER 10gL7s
3.52 PHENERB RN M

EEEEMT, BERERMAELHERAY PH, BIWEN 10617, RN
W18 % 20min, ZEAF PH FX§ BB AMATIEE, Wi/t StERN PH XA
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3 BAMERMERAR

RBERWME 3-14 i,
#3-14PH BEMEREZRBRRENEW

Table. 3-14 effect of different PH value on ammonium removal

PH 4,11 502 638  6.95 8.01 9.03 999 1121 12.03

HEE 2532 3278 4503 5297 59.63 60.22 45.04 30.09 20.96
B2 /%

HBRE
BRE/ 7155 6440 52.67 45.06 38.68 38.11 5266 66.98 75.73

mg-L'1

B 3-11 I 3-12 ARMEFHRANERLT, PH MRLIHE £RFEEK
FERAMRKEW.

"EEBREMY
= 8 8 8 8 8 3

| V. 1 1 i 1 1 1 —

4,11 5.02 6.38 6.95 8.01 9.03 9.99 11.2112.03
Ph

(=3

3-11PH HEREBRENEW

Fig.3-11 Effect of PH value on ammonium removal rates
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ZHBETRFW AR

80.00 [
7000
=,60.00 [
Es0.00 t
S
% 40.00 |
fgso.oo -
& I
2000

10.00 |

0.00

SIS eSS
Ph
B 3-12 PH NBERERREH W
Fig.3-12 Effect of PH value on residual ammonium concentration

B8 3-11 FIE 3-12 TLABH, PHE 7~ BEN, BANEEANEZRERS,
PHH 9 HERRER, K% 60.22%, T% PHEKT 9T 7 RENK, ZHXE
BWESPHETHRETEANERE. HHEHABALEREREKN, PHLL
oA A B A
3.5.3 RELH A3 R BRM R AR

EZREHT, BAERMEN 10gL', K@ PH, RN EH % 10, 20
30, 40min. MBI EHALEFKEKTEAANORERNNE, AR5 RUOX
3-15 Fi7m .

®3-15S REMEAMNEREREROEW

Table. 3-15 effect of different reaction time on ammonium removal

% N B 8] /min 10 20 30 40

HEERE% 3505 5099  50.63  49.02

BAERKE mgl' 6223 4696 4730 48.84

B 3-13 I 3-14 AERMEFARNERT, AR R E R EEKPR
REBEEZWHAR.
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3 BONRRNERRE

o

D (2] D
(=3 < t=1
T T —

BEREREy

20 1
10
0 A 1
10 20 30 40
[ Rt Rl min

B 3-13 kAR A BRERENZ W

Fig.3-13 Effect of raction time on ammonium removal rates

70.00

> \———0/4

RA|REERE (mg/L)
g8 8 8

oo
I
=
=)

10.00

—d

0.00
10. 00 20.00 30.00 40.00

[R B e fmin

Bl 3-14 R BT R R 5 R B RUR B A e
Fig.3-14 Effect of raction time on residual ammonium concentration
B/ 3-13 M 3-14 LA, BEERNAEEN, EAEHREEH LM, =
R R B )5 B 20min B, FEEAKPERRERIIRIK, K 46.96mgL’, HNE
BEBRERN 50.99%, %RMAEAT 20min i, EREETFE. HEEHEE
B it R 7K B ok BT () 24 20min 4 % 4 R LB 18]

354 XMMAEFHENERBRNE M
HEEAHT, #MEN 10gL!, AEH RN PH, KM E 20min, RS

FRANAANFREKRTLE, NTHERERSFRIME. ARERUR
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3-16 Fi7R o
#3-16 HEFAUMNERERBAROEM

Table. 3-16 effect of different cation on ammonium removal

HETFHE  EEREREY%  5aEERE/mgL"

Al-Z 53.39 44.66
Fe-Z 5.63 90.42
Ca-Z 54.59 43.51
Mg-Z 51.09 46.86
Na-Z 40.36 57.14

A 3-15 R 3-16 AHM RN A HHERANERT, ARMRETEN®ELEF
BEANERERBRNEW.

60 r
=\\’
# 40
&
#,n |
=l
i

0 |

M-I Fe-l Cal Mgl Nal
REFRRXR

B3-15 FEAEFREANBENERERENE®
Fig.3-15 Effect of synthesized zeolite saturated with different cations

on ammonium removal rates
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Al-Z Fe-l Ca-l Mgl Na-l
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B 3-16 ARAMEFRABENRAREZKRENEZ W
Fig.3-16 Effect of synthesized zeolite saturated with different cations
on residual ammonium concentration

H 3-15 FE 3-16 ATLLEH, Al Mg, Ca=MEFENNBOEARZRE
BHE, ERELE 50%~55%Z 08, Na BFHEMBAIKRL, Fe BTRMBATEE
ILFEEERE. BT XA ATHRAENEANEZRIERMETIRAEM, &
MAETFRHRENNEFSHEALEZRENRK. HERRRERERFTHN Ca B
FHRA®EEAREREBNHE,

3.6 AAEMBERMERERENMLE

AHBRERAERBENFREKPERGERESN, EZEEZHT, &
WYRMNEEE, #MEHA 10gL", RMHE 20min, & 8% A &4 HRBIK
B 2mol-L”, @K 2.5, #EF 100°C, & AE AN 12h.

WEMEBRUELE 3-17. ERBBERLEEEFREKPERRENFHH
95.81 mg-L', BEI&N 92.94 mg L, EREMNN 3%. MARBALEEFKEK
R EKE R 95.8 mg L MEE 27.52 mg L, EBREREL 71.28%. BAERBA
MEENERENRZBERKN 20 £65, ERBEXNERNLFEEELLRES, X
RHAAREKERRAERTTH, RERAZRTENRIERTHREM.
FARBKERBALBEEREKRERREN N EFAALE, TERT
“DABRVAEE”, BEAEI T HARBENBER, XERATRIFBE, RUFAEHEF,
RETHT RBNAR.
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Fig.3-17 comparison of fly ash and synthesized zeolite

o

on ammonium removal capability

3.7 NG

1)

2)

3)

4)

5)

6)

MNEREREEWHEXRIRFE R : BE >4 R B >EREE>RERKRE.
BEEZREENBERERBEHTER: BHRIKE 2mol-L’, &HIEE 100C,
& A At 8] 12h, WE L 2.5,

EBEMEGTERBE, BERRENEM, MEEAEZREZHEM, NEHF
fENR, EERERKERN 10gL’.

BRMERBAEREREEBESRG THEERNERERIK, PRI ENS
TEBRERE, WEFBRERNEZGH T HERBITE.
BREHRAANERERELE 20min Z 57 EAHE, #Bid 20min FHIA T FEE
P, MOk B ER NN E % 20min.
FHEFAMMENEKEZREANEHEEW, TRAMREFHNERLEREER
BA, HEEEBREMNKBNRFH: Ca-Z>Al-Z>Mg-Z>Na-Z>Fe-Z. HF,
Ca-ZFMAILZMEAREREMEARAK, N EEN S B EME FRMMEN Ca-Z,
BREAGTERBENEREERFHNEZRES, ARBAEZHREARENRIER
R K 20 15 .
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4 BEXNBHHERLR

4 HAEXNBEHERRR

WWHRT 1957 6, 20 4 60 FRGHENHIMEMH, HPEREEEK
BHEKEER 21m. BEEFEKAE, FEHEER, WEIKRE. BITH_F 0
EFE, AXRTNTHKEBSIHEAERE, FERGT KKEN. BHXE,
HERNERE, B REEESEFRUARTE, WEHH -V RBEEKALRER
BEK

4.1 SRR ERE

4.1.1 TBRHH

SRARER R TEEB R BT R B RUKRBEKR, BHAHEK
ERBA, SREAKNERS P EEEK FXER “SEEK, ﬁiﬁfﬂ‘ﬁ

A& 41, TRAHHER AR 4-2.
KA VBBEEKRITER

Table 4-1 The analytical result of subsidence area wastewater

A4iekF  PH NH;-N DO BODs Ca** &%

W/ mgL' 877 0.035 09 408 39.01 3.67
R 4-2 LK BT 2 A
Table.4-2 Experimental reagents
R IEA %5 =R EA %5
HHBRE 29 AR BRE_% 4W4AR

BABESE W4 AR 95%Z8 24 AR

MUE A4 AR  ZEW  SW4AR
SEMHH A AR EAB A4 AR
BARHAH S AR EAH 24 AR
®WIL®  SH4AR EhE SW4AR
ERME M4 AR EHhE ATH AR
WHE W4 AR  RiE SH4AAR
Bk oW AR BB 24 AR
i SHTd AR THEER T4 AR
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TRELREFLFAIR

% 42 TR MR

Table.4-2 Experimental reagents(continue)
=R B F A EREE F 5
WRHE SN AR BIR_EH  SHEAR
EiRE AW AR HHOE R4 AR

412 KW H#*

B—EEHEMAT SomL BLEP MAHE—ELHABRBEK 40mL, i, &
REBERG—EHEF, BOASE, BEMPRAETNERIEEHERT S
R, TRRMNAE, BARME. PHEATHEHAETFHEN SBERAR
% W .

ABIHKFEINHEREENERE LK 4-3 HE 4-4.

R 43 KESWFE

Table 4-3 The analysis method of water quality

F 2 HH AR iR iRz 3
01 PH E#R pHitik (B) 0.1 pH &4
02 CODg ERMEE 5mgL’  GB 11914-1989

03 %H#EE EHXEBENEN 0.0l mgL’

04 EB  ERESHEEE 001mgl'  GB11893-89
05 HE SKREESEKREE 0.025mgl!  GB7479-87

06  BOD;s MR ERHE 2mgL?!  GB 7488-1987
07  BE A REEEE 0.05mgL’  GB11894-89

xR 4-4 TRHTANE

Table.4-4 The catalog of main instrument and equipment used

ERBER HERS il

7N B P 2% JJ-4A B! EMEEERLA

B B 2% GSP277202 8! I HHEREZT&KHR]

¥ T BB B 28 1R OHEEETRENBHETRAF

e AL X Hi-5 & OAHEEEZETRENBHNEGTRAF
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4 HAE XN R AR

& 4-4 TRATANE (H

Table.4-4 The catalog of main instrument and equipment used(continue)

Ve EA MR g HE
@R pH it pHB-4 % IERERENEETRA A
AR R T EE DGX-9243B-1 LHEHLRREHFRAA

B
EABEP KSY-12-168 LR EP
A R AL —_— THEEIETRENBHERR L
AR HEAKEES SYZ-B # OHEEETFRENBHETRAT
A IEK S TT-98-NH  REZRHHFUBERLF
1B 8 8 7 2% JBZ-14H B  tEBEHRBEBERAF
LA TF-1A & TAHEET SR
AERERR DB-3 & IHEEIETRENBHEERLF
¥ EERKBR HH-8 & IHEEETHRENBHETRAF
R i 47 723E # LEEFEMENBZERAA

42 REFRRSHAHHERRLR

4.2.1 WAKE X & Bk A RR IR 1 L RO R

AR NaOH % ETF (0.5mol-L”, 1mol-L”, 2mol-L”, 3mol-L?, 4molL™) #%
BREL 5: 1, AMEE 100C, &M E 8h SBHA, MHBEEKETLE,
INTHEERBARERKE. RRERWR 45 FiR.

F4-5 WMBORER &R AN BN
Table.4-5 effect of different alkali concentration on zeolite

WMIRE/ mol'L! RRBBKE mgL!  ERE%

0.5 1.83 50.23
1 1.62 55.87
2 1.92 47.57
3 2.00 45.45
4 1.48 59.78

41



LB TR FRT

B 3-1 M 32 RETELMEE—EOBRT, BAIKRE %A L EIREE
K BHERBRAOZW.

0 r

AP

Bt LR
— ot W s o
s & & o o

(=]

0.5 1 2 3 4
Wk /(mol/L)

B 4-1 BWBRENBRERENORN

Fig.4-1 Effect of different alkali concentration on phosphate removal rates

e~

B B BHRE /(mg/L)
- - ™ ™
8 3 8 3

e
o
o

0.00
0.5 1 2 3 4

WA E (mol/L)

B 4-2 BRABIR B IR AR B B IR A

Fig.4-2 Effect of different alkali concentration on residual phosphate concentration

HE4-1 ME 42 TUE S, BBKRENSRBARBERIZWILBRR R,
SENBBEEERET, EWMRERT 1 mgL' W, REXHEBRNEEELKE
FEYIRI TG RO BR B B D S e B R, BRARESE R NaPl bR AR, Bk
FEBYEARS, BAGRSIENBRBENTERAEUEWE RHA B ARBEHE
HEERES. YEKREST 1 mgL! XEF 3 mgL' i, NaPl BEMERLH
GREEMR, WEELKELhERTREEER, NEHAELKENER
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4 BN LERRAR

B TR, 3mgL! Ll LG, BRBERENXFHEF, XS HKEHE IS HH
WRRERELBEEX. ZLAURE, HTRROEIRRRRERRERE

WAHREYN 1 mgL"
422 EHEERERBARBEENT N
AR E T (60°C.80°C.100°C 110°C ¥ B4 F A 8] 8h, NaOH ¥ & 2mol-L”,
WES: 1 Gl A, WHEEKHTLE, NIHEHASHNEEER. &
RERWME 4-6 FiR.
R 4-6 ERBEENBARBEENN W
Table. 4-6 effect of temperature on removal phosphate by zeolite

HE/C BARBHRE mgL! EBRE/%

60 2.19 40.23
80 1.91 479
100 1.48 59.72
110 1.81 50.65

 4-3 FIE 4-4 R T EHMFEH—ERELT, & 8GR EX A X R BB
ROEW.

[ ]
S O O
T 1

./'/\'

W LB 0,
S 8 5 8

—
<
T

o

60 80 100 110
#E/C

B 4-3 A AR X % BREN KW

Fig.4-3 Effect of different temperature on phosphate removal rates
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LHETRFFLFEMIRT

T

= = [ o
=3 o o o
S =) S S

B4 BRI (mg/L)
2

0.00
60 80 100 110

BE/C
B 44 SREBEENBEREBKENER
Fig.4-4 Effect of different temperature on residual phosphate concentration

HE 4-3 FME 4-4 TUEW, 100C2ZH, XBREREREFARMHE K, 7 100
CHEBREEFBEKME 69.72%, BIX—BER, ZREFHETHR. WEHEEK
WE 100CHHA R BN HBRESRER.

AMEEATEER, 7 100°CZ AT, BHEKE MR £ BER MBI & REM KBS
KESYREHEE, LB, BEKNERE, @R E 5 REZ
R R #ATH . Bid 100C2Z/E, EHAM NPl AT S, FaFE
UREEHBESYREERY, EHREFETR.

4.2.3 B RE E XA B A R BE RO R D

A EBE A& A (4h. 8h. 12h, 24h) B, BB 5: 1, NaOH K&
2mol-L”, BE 100CARME, HABMEKRTLE, NTHEEZREHNER
fBEARAE. RELERWNE 4-7 FiR.

& 4-7 & BN IR B 6 h RO R

Table. 4-7 effect of synthesis time on removal phosphate by zeolite

BEA  RESBKE mgl' EBRE%

4 221 39.65
8 2.19 40.41
12 1.42 61.36
24 1.62 55.79

B 4-5 M 4-6 R T ERMEH—THERT, & B0 B XA %R EE
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4 BB ERIAE

K B BERCR K R .
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B B0,
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T
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B FES )/

Bl 4-5 & RUR A B L BR R M T

Fig. 4-5 Effect of synthesis time on phosphate removal rates

2.5
S 2f
e
W 15T
¥
g 1t
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§Q5

0

4 8 12 24
&Rkl /h

B 4-6 &R ENRREFHKRENE W
Fig.4-6 Effect of synthesis time on residual phosphate concentration

HE 4-5 B 4-6 TLUE W, ZBRERENEEKESHFEK, % 120 A&
K1E 61.36%, #id 12h EEBRFBTTH. Bk, HE 120 ARERASE K
B 18]«

AVRETRER: L&A EETF 120 B, B FREDEN NaPl BAMEHR
BER, BRBELERTEUESEN, BEREESANEERTEM, =
AREAEE 1206, BTURSERGHBEES, UK NPl A REHEN
e, BAEMWEERRKKEN, MHEELKEERERD, BRUERES,

M F B E R EHIFE.
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TREBITRERLFMRIT

4.2.4 B L 3T & B A PR B 1 RE RO B2

AREL (2: 1. 25: 1. 5: 1, 10: 1) BRBA R 8h, NaOH K&
2mol-L!, B 100CARBA, MEMBKETLE, NTHEESERBARER
B, RRERWK 4-8 Fimo

F 4-8 Y3 L X 96 5 R B 0 RO B

Table. 4-8 effect of liquid-solid ratio on removal phosphate by zeolite

el RA|BHKE mgl'  EBE/%

2 2.80 23.61
2.5 2.73 . 25.64
5 1.36 62.9
10 1.81 50.65

B 4-7 B 4-8 R T EH M A B EHHRAMBRT, & Bb7A B E ik
REREBRNNEMH.

2 2.5 5 10
WLy

4-7 WE R B EREROEE

Fig. 4-7 Effect of liquid-solid ratio on phosphate removal rates
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4 BEXTRHERRR
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1
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(=]

2 2.5 5 10
BE

B 4-8 i LR AR B BER BE B
Fig. 4-8 Effect of liquid-solid ratio on residual phosphate concentration
HE 47 ME 48 ATLLE W, WAL 5B, SRBANBHERUAREL.
FEEBE L 5 ha kAR ERE L,
BELAF S B, BEREARBLEE, LBY 5 W, XREFHTR,
WEEGEHTRERKREEBEAMUIL, STREXKGER, HRALTY
MR, URBAEERZMEAMEEHE XK, FRIATRETERORNER.

43 RMIERRABRHNERLE

AHEBREREHZINREERERE, HULBRELRRIERLE
UHEMBERARERRESYE. RELARAR, ZHREKERHBEHAR
FEAKEL, AREE. ARNEMERKRE. FERERXZEANTEER,
BEANZREMER, TUBEHTZKFNERERRR, BEKFEFRLER
4-9,

£49 EXBRBERRAKFR

Table 4-9 The factor lever of orthogonal test

A B C D
HE |
WK E/mol' L™ &RBE/C AMEKE/M W
K 1, 2, 3 1, 2, 3 1, 2, 3 1, 2, 3
¥ 1, 2, 4 80, 100, 110 8, 12, 24 2.5:1, 5:1, 10:1

TERHEEZ MWLM, BHEXE LEYZHFRR, LK 410
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ZHBTRFHLEMILX

%410 EXEREHAR

Table 4-10 The arrangement of orthogonal test

A 5l 5 BEEBRE/%
A B C D

1 1 8 12 10 9154
2 1 100 8 25 9105
3.1 110 24 5 89.94
4 2 8 8 5 76.84
5 2 100 24 10  83.32
6 2 110 12 25  88.09
7 4 80 24 25  83.04
8 4 100 12 5 77.15
9 4 110 8 10  69.15

KRBRENT SR EE, BRENTTERILER 4-11.
% 4-11 BIRENHHHE

Table 4-11 The calculation result of single index

EHRE

A B C D
Ta 27253  251.42 237.04 262.18
Tp 24825  251.52 256.78 243.93
Ts 22934 247.18 256.30 244.01
K1 90.84 83.81  79.01 87.39
K. 8275 83.84 8559 81.31
Ks 76.45 8239 8543 81.34
R 1440 145 658  6.08

H& 4-10 TLAEH, ABCD:s #H T, BEBRERIRRE, H 91.54%. 1R
BARESN, EMBEREOEEZWIAF R BRRIKE>E A B> E > 6 B
BE. $TRHERRERBEFEN: BHKE Imol' L, FRBEE 100C, &8

i) 12h, WE L 2.5.
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4 BAaBEERRE

44 ZRERFHTERBAMNBEEEKHOERYR

ERABRREREGTERBA, MBEEKETLE, BHRENFHE
ZEM 3.67Tmg L B3] 026mg L, EREIXF 92.85%, LELERLEK 4-12,
#4-12 BERREHTHEKLEYR R

Table 4-12 The treatment effect on wastewater in optimal condition

WIRaR B/ mg L' RBFERE mgl' £BE/%

A 3.67 0.26 92.85
Cca® 39.01 70.36
BOD; 40.8 30.2 25.98

4.5 BREHBAR BN ERTR

EBEBREERBANTRE, ARBZRAREHEBEKNBREEZRER, X
PHBERARNEEETUTER. UACHANSHEKLENRELTRE
#.

LR HE: [ 250ml EREFRBEARENHA, "G —EwE, Eid1: 4
B A 2 mol-L'NaOH ¥ PH, A& A B o e RS AT /5 ¥ P SR .

4.5.1 RER B ERYEROE MW

EEBEHT, BARMEN 10gL, FEY PH, RMHESHH 0.5, 1.
2. 3+ 4. 5. 6. 7. 24, 48h. MTUHE & b0 b 32 353 B 0 K ob S B I O o R R B I
B, REERWEK 4-13 Fir.
% 4-13 RRCR IR BB B AR EE

Table 4-13 effect of reaction time on phosphate removal

= [ B (8] /h 0.5 1 2 3 4 5 6 7 24 48

BAeBBEKE, 274 270 256 235 224 201 1.88 1.80 0.72 0.34
mg-L'1
ERE/% 25.32 2632 30.12 3599 3898 4512 48.78 509 80.33 90.87

B 4-9 A 4-10 AERMEFHERANBRT, FFRRR X5 EEKT &
HEREERMABR,
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BT/

B 4-9 RNE A B ERENR®

Fig.4-9 Effect of raction time on phosphate removal rates

%2.50 s
E2.00
=
£ 1,50
®
B 1.00 [

&
0.5

| S—

0.00 | I I S E—
051 2 3 4 5 6 7 24 48

gl

4-10 JF¥7 e (8] 5 B A% o VR FE ) B2 T

Fig.4-10 Effect of raction time on residual phosphate concentration
HE 4-9 FE 4-10 ALAEH, SRHAXN BB EBRUREE R NI E
KHmE®, LRMREED 24 MG, EREIAE 80.33%, HEF 240 AR
£ B 1A o

452 BERMEMERYRHT M

EZEELMT, XA PH, R (E 1/, Ca BFHRA, BMESHH 2.
5. 7. 10 13, 15, 17, 20g-L" B X & BERK HEAT RO HE,  MATT 780 5 5k s &b 388 R K

H#ANBERKE. RRERWMR 4-14 Fix.
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4 BaxH LR

R 414 BMEMBHERUARNE W

Table 4-14 effect of dosage on phosphate removal

#mi/gL! 2 5 7 10 13 15 17 20
EBRE/% 13.88 55.01 68.45 9094 92,12 93.67 94.55 95.65

RAeBBKE mgL! 316 165 116 033 029 023 020 0.16

Bl 4-11 ffE 4-12 R T AR EHAZHEL T, SRS EX 158 x
BREMEW.

100 r

L

80

60

40

PN YA

HEEMR/(gL)

4-11 BEBMER R ERENE W

Fig.4-11 Effect of zeolite dosing quantity on phosphate removal rates

3.50
_.3.00 |
Eoz.so -
B 2.00 T
® L
§1.5o
R 1.00 |
&®

0.50 |

0.00 L 1 1 1 1

BAERIE/(GL)

B 4-12 3% B0 B X 5R AR 9 IR B )
Fig.4-12 Effect of zeolite dosing quantity on residual phosphate concentration
B 41 AE 412 TUBE, ERERMENT 109l N, BEREMHR
EREM EFAEEAE, LBMEEE 10gL" 6, BHEKREHKEH 3.67
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ZHE T REFLEMIR

mgL! FHH 033 mgl”', YBEX—%E, EREEREHEN, BEAES
BTEM. WETEELE, 8 10g L' IBAZREBORERKE.
453 PHEM LR R F N

EEEELET, A1 4 HBREEN 2mol L' SEAMHPERIE Y R PH, B0
BH 10gL", REEKEY 16, £RF PH T RREEAKETLE, NTEE
BERRM PH X B, REERWE 4-15 .

R4-15PHENEHEZRURNER
Table 4-15 effect of PH value on phosphate removal

PH & 3 3.5 4 5 6 7 8 9 10 11 12

BAEBK 036 034 029 018 023 026 056 042 033 032 031
¥/ mg-L!
£BE/% 9023 90.65 91.98 9498 93.65 929 8467 88.56 909 91.34 91.45

B 4-13 FIE 4-14 A EBEEFHRMOERT, PH HZRURBAEZRBAEEK
FEBURNEW,

9 r

90 [
W 88 T

%

84

82

80 +

78 e —

3354 5 6 7 8 9 10 11 12
Ph

B 4-13PH N BEERENZ W

Fig.4-13 Effect of PH value on phosphate removal rates
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BRARBBERE/ (mg/L)
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—_
=

0.00
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Ph
4-14 PH X B A& B BHR K 89 09
Fig.4-14 Effect of PH value on residual phosphate concentration

HE 4-13 ME 4-14 TLLEH, PH XN BAZREHNERFEFRESE, 7 PH
R, BERRRK, BRIEA 84.67%, EMBHERBELET, B
BREE, BRI 95%. HUEEERE L ERKEK PH ML RERFHE
T AT R M.
454 REFRMERNLBRYROE N

ZREHT, BMEN 10gL, TEERN PH, RAEKE 1/, RFEME
FHRAMBAXMNBEXEKETLE, NAHEREMETRAME. KRLERD
R 4-16 Fi7R o

F4-16 HETRUNERERBRNEZW

Table 4-16 effect of different cations on phosphate removal

PHESF K7 B AR B BK A/ mgL! EBRE/%
Al-Z 0.52 85.88
Fe-Z 1.08 70.57
Ca-Z 1.25 65.9
Mg-Z 2.32 36.88
Na-Z 2.93 20.12

B 4-15 M 4-16 HEM RN ZFHRMELT, FRAEEFREMBELESR
B DX R 7K Xt e B 2 R R O
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ZREBTREEFRX

Al-Z Fe-Z Ca-Z  Mg-Z Na-Z
B TRY
B 4-15 RREIFIBE TR LBRENE R
Fig.4-15 Effect of synthesized zeolite saturated with different cations

on phosphate removal rates

Al-Z  Fe-Z Cal MgZ NaZ
METRY

B 4-16 RREIFEFREXRR B PRE R W
Fig.4-16 Effect of synthesized zeolite saturated with different cations
on residual phosphate concentration

HEEATUEH, AEFHEAIREIREZRREKR, XHEFR:
Al-Z>Fe-Z>Ca-Z>Mg-Z>Na-Z. 5 IR+ Al Al Fe MAB A BRI LR EZHHA,
PR AER BN EREEUMMEBRMITEASE, H2 Na BNB AN BROEBRESE
—ERR, HAEERBNFANFELMORMER. ko, 8% 5B RIR
MEBETFHEA—ERBIRMSHE S, RAMMNARTUN OHSE &R,
Bk, ETXHEMETFRRIRETE ONMB=LERSF KR, METERER
FE UL B 3 9 T B T SR K R S TR R B T I & AR B R O R RR AR
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4 BB ERRK

46 AAESMERRBYURLER
HUBRERDERB AR EKF RN EREN, £ZE46T, A

WEYRNBEE, RMBHAH 10gL!, RMKE 20min, &R#HEEENBHBK

B 1mol-L!, W@ N 2.5, HEF 100C, &mMAIEN 12h. KRB L RWE 4-17 7

7o
R 4-17T AHHE 5 FRKG PN R

Table 4-17 comparison of fly ash and synthesized zeolite on phosphate removal

capability
EBE%  RREBPRE mgL’
B R K 19.3 2.96
BRBER 9285 0.26

RENEBRRRLA 4-17. FRBERLEEEHERX Z KD B BHKE M6
i1 3.67mg L, BEH 296 mgL!, EBREH 19.3%. MARBALERFHBEX
Bk BRI E B 3.67 mg L KR 026 mgrL”!, XBREREIX 92.85%. BIA R
AX RO EREIAHERKH 415,

100 1

RR% SRR

B 417 BREGERBAX BB EERENMELE
Fig.4-17 comparison of fly ash and synthesized zeolite

on phosphate removal capability

4.7 NG
) GRAAERINEREREEEYREAEN IR : BRRE>E K
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EREIRET LTI

2)

3)

4)

5)

6)

E>HEL>EREE. HUHRERRERBEFTEL: BBKE lmolL, &
RRIEE 100C, & MAE 12h, WEL 2.5,
SRBANBERETRRIEZWREE S & BT A X5 K o B IR B 2 B e (] 38
A, BEREESRBERMEBME MR, & 10gL! B, BER
MMM ETIE. EERERHEN 10gL7,

ARBAEPH B 79 BB ERERK (74%EH), £TUTH9 L ER
EREAT, RAET 94%. WBERN KGR BRETE.
BIRERBAN BHERELE 24h ZHT LA BEEE, 7E 24h 157 80.33%,
5 42 B R B B A 1R b 24he
MAHETFHENBEREEZWBR, KIWFL: Al-Z>Fe-Z>Ca-Z>Mg-Z
>Na-Z. ¥ 5 ZH S AL F Fe AB AN ZBRERE, MEBNS REM
BTRNMERAR Al-Z,

BRENTARBARNEHEERTUNEZRES, ARAEEREBENRR
R R 4 15,
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5 BBIR B SRR R R

5 BEKE R AL B A

HERECEUETRERBEIINEEARNEHMATRENEZREN, A
BB ARAREREBNTEEY, PAETHREIELNNA, FEXARE
K%E%h@ﬁﬁﬁﬁ%mﬁﬁkﬂ S EBHEEKKRE, TREFELRAR
Ry AT .

51 BRIARMHE
GANAEVERERSN, NAREXKAEEREANBORESLEMS

R

SMFER: WBKE 2mol- L, &MEE 100C, &MREE 12h, WE L 2.5;

T BB BBKE lmol-L!, AMEE 100C, & MEE 12h, WEL 2.5

B — X B FRBRE S 3% 1mol- L 1 2mol L, ZERA&ME X A B
FREZWH ERIGF, SRR BE >E R >8R > RRE 1R
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Fig.5-3 Effect of granulation on zeolite removal phosphate
A 5-3 LAY, MHTFHRAE BEEK, KREFLE 4D, EKF
BBIRE N 3.67mg L B, MARBAX BB EREILD 92.83%, HAKRENR
% 026 mgL”, MEREREX BHOZRENY 62.34%, HAKRELD 138
mgL’, EBRETRTHIE 33%.
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Fig.5-4 Effect of granulation on zeolite removal ammonium

HE 5-4 TUFEL, ¥ FHERAE (FREK, KEEFRLE 3-1D, B+
HEREHX 9581 mg L' B, MEARBEHERMZBREEE 72.3%, HAKKEN
% 26.54mgL”, TIEHEWAREEMEREMR N 50.85%, HAKBEKE 47.09
mg'L”, ERETETRKIE 30%.

ZEAMTUGY, BRNBAEZRABREEAENZ®H, HiTRETH
RERFHARKERR, BETHEMNERER, BA5RANER> &M, M
BFXBEAEEBEAEZRETR, ZFEEMYARRD EHRATLRITR,
/BRI A X BB EBRA R,

BR, Rk, BRBEERAREERERS, CREKE, 2K
BEARGME, TRRKRBAEEEETRIEAKME, FUELARPIEREN
RAR AR, RAZRES—ENRIE, BERARRRARNEEETE
EEBET. XEERETT —SHATERRE EE.
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Fig.5-5 Sketch map of zeolite pillar:
1-water inlet,2-filtration layer,3-sampling point,4-suppor layer,5- water outlet
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EXEE. BHK COD MEREM. BTHE, BAEERRE, HKHA%, B
WRE ST, THERAR.
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REERBERERBABERNEENERUR, NEEBTTRREL KL
BREHTLR. RRERWK 5-1 Fir. B 5-6 ErRHBEEEREETHRA
R KRB R EREHRUER.
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Table 5-1 results of pillar experiment

BiTRE HAKEER HKERKR ERE

x B/ mgL’ f/ mg-L! 1%
12 95.81 5.54 0.94
1 97.81 6.02 0.94
2 96.01 6.05 0.94
3 95.45 10.33 0.89
4 95.21 15.89 0.83
5 95.32 23.87 0.75
6 96.01 40.46 0.58
7 95.91 48.54 0.49
8 97.81 60.54 0.38
9 95.51 84.76 0.11
10 95.21 95.21 0.00
[k ik = 2R |
120 1.00
wp o
3% o6 &
N 050 3
% w el
20 | - 0.20
0 NN | gf,ﬁ
21 2 3 45678 910
EATHIEIR

5-6 B KK E R I K BRERIZ1TH AL
Fig.5-6 The ammonium concentration in influent and effluent
and the change of the removal rate with time
GREBABFTRIES, FHRER 0232mls”, EXERREE
97.81~95.21 mg-L! Z A4k, HKKE MBI 5.54 mg L' BHA®, EELR
i (B KEEHBIRED). BARRBR 20min BEZRKERE 50.9%, BARK
BREENERBERRHERERBR, THREIEHELRTRBEERN. B
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tRUE, ERHAKRERELS, ZREBBINLFHT. XTRR-THS
B

() EELRE, BTRKERELER, AERPHMEREZHRENEW,
W T MM K PHE, FAHKPH 2RBBRY, THATELREOSIENERER
HTHAENERNEZRARRNE-IMREFOUR,

(2) BRETHATK, ERNRHENCLBEREEIBMRE,
BEARERATESLERN, PREBERETR. ANFTEFLERREER
WA
53.3 MMM ERAR

J % B IK A B A AR BB R BRABUR , W UE AR B AT S (A HE K B BRR
EH#TER. RRERAER 5-2.
®52 BHERARER
Table 5-2 results of pillar experiment
EH HARBR HARBR ZRE
/A B/mgl'  B/mgL' /%

172 3.67 2.85 0.22
1 3.87 1.81 0.53
2 3.37 1.74 0.48
3 3.75 1.93 0.49
4 3.21 1.14 0.64
5 4.21 1.93 0.54
6 3.33 2.15 0.35
7 3.7 1.99 0.46
8 3.55 1.79 0.50
9 3.77 2.01 0.47
10 3.67 1.98 0.46

B 57 ERMBEREERETTRARBSHAREURERENRLE
Do

ERABITHTRA, BRHKKRELE3.21~421 mg L' ZEE, THAEK
BEZE 1.14~2.85 ZIAEE, ERENT 22%~64%2 6, REZR LA BHELE
B, EFHAKREMCEYRREHEEW. ABLRFHATEK PHEZRR
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Fig.5-7 The phosphate concentration in influent and effluent and
the change of the removal rate with time )

534 PH EUMEHETHRNEM

BAMNL-ZECSEH PHEMEARYEZREETEREEZNEMW, MTAE LR
FrEA R IRk PH R MR M, K BBHRERARE RAENREES, A
WEE, #HLK PHE#THE, %Y PHEMNESXRERARNZE.
RRLRWKR 5-3 Fim.

R 5-3 WHBTHE S LK PH R R
Table 5-3 The value of PH in influent and effluent changing with time

7 8 9 10

K 1 2 3 4 5 6
#APH 978 801 732 737 7.89 8.03 5.02
9.56 9.13 896 922 878 865 7.68 738

342 33 32

#ik PH 921 1031

YEHEIEAT H B # K PH E N 5-8 FT7R
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Fig.5-8 The value of PH in influent and effluent changing with time
HES-8 WUEH, BRNELRAKIATELEK PHERERYE, BRE
7K PH KR 0 P o RS, 0B ZE K AR, SEAE W PH AR 7E P (Rt
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NTEBREETEURTAFANN, B, BENEANEREBRFE-IHE
B

SAMBEREBBARBRBSEMAOLR

ARABAERKEPEEMESEREALATUTRS:
1) BEMEMERREZ, HEEE BR—MEXRFY, FRRMEKE K
FRLE B KRR ARG R Fg R,
2) MERBREEREKKELEMER, AHERNBIE-ENERE.
3) MERBAEESEENEYHERL SRERDS, BREHK.
4) ERBAEEEZREARNBS TRE, BTERRE.
ARBEEEEZREARNMNSRET: BELERRSHAEWEMLEE
FMRBAR, HAERRENPRERA.

5.5 Ih&

) 28REH, SHBAEHEREZRETRHE. ERNEHANEEANER
ETFHEE 50.85%, SHEARFBAMELTHET A 30%, FEHNERETR
Z 62.34%, SHARBAMLTET A 33%.
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REKEEREBE (BAKFEHBRE) AEHH, HEAWSTEE
LRABEETAH. PHENERZREREW+2EE, EERELH
T, BENERILFREEHREE.
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6 ZRERE

6.1 it

1.

ERBARBRFNERAERETEEME RN ERIF A BE >4 st E>
ERBE-BAIKRE. ZREENBRRERBETEN: WBKRE 2molL’,
& REE 100C, &R 12h, WA 2.5, SRHATERF N EHERE
EEMEAZRERIRF R : BWERE>E R E>RE & HEE. HfE
BRERBATEN: BBIKE tmolL!, &REE 100C, & KEE 12h,
HE 2.5,

ERREGTARKA, BERKENEN, NEHEZREZT LM, NEHF
AEHER, GEBERMEN 10gL.

BRARBAEREIEBBELGF THERNZRERK, £ HREESF
TEHRERE, RERBERERNEHATHERBAE. SRBAEPH X 7~9
R B ERERK (T4%ER), £TUTH 9 U ENZREAE, BRE
B 94%. HEBHERRM &N BRBAE,

BRABRBANEREBREAE 20min 28T EABE, B 20min FHA T HEE
B, WOEF B RN A8 4 20min.
FEFRAMMHEAMEKEZREANEHERZW, AAMEFNEREREER
gL, HEBREBRENKENRFH: Ca-Z>Al-Z>Mg-Z>Na-Z>Fe-Z. HH,
Ca-ZMAIZMEREZREMEAK, MHEEMEREHE FHMMHENR Ca-Z.
NEBTS, BAEEFERENKDRFR: Al-Z>Fe-Z>Ca-Z>Mg-Z>Na-Z.
RAREF AR Fe AMBAEMNBOERERS, BREHE FRAMRA AL-Z,
BREAMTERBENEENEREERFNERES, ARBAERERE
HRBRBEKM 20 B85, ZREBMEDIRFERMBEKE 4 £5.
BAAERENERNERETRERE 5085%, SHARBAHLETRETS
30%, MEMHERETEE 62.34%, SHARBEAMELTET A 33%.
EHNEAZRERRE, WEEANEZRERNAEKEHR TR, EFLRH
KERKREBIABKEEHBE) AEHE, wEAMS TEFLRNE
BEFAY. PH XN EEEZREEEWM TS EE, ARBRMEEHT, BN
ARNTEREEZRBR.

EHNEBHERENT 22%~64%2 8, BEERHHEMNRLES. PH 3t
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10. EHEAFREFMER PHEA, /K PHERREE 7~10 2[4,
6.2 RE

1.

W SIS ZREARB, XPEEENAER, MENNKRENR
ELSBMTANTRAOEE, BERALRARNEBELRIE, FHTFHE
TR WA R AT

BB RRRE AR RTHERASET RN ERE, HEATEKNL
B, BT B R

. AREAEHXNBERIENEWHARR, FEHE—PHORIEMKT.

il 0 U % R PR R T A (8] AS [R] 2F )

5. SCI0 SR B — AR B A REHEAT IR B SE B, K SEIR R A B b 75 A0 8 KR AK TR B AR

55 3 At W% B A ) BBk A O PR A B R K I #E — P R
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