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W OE: RASBREMENLEEME-REEEARS TE HETHRER Mp(C)/p(N) {5 IR HABA 4
HEES). BRRUEAOKNBT, EEMAERE 9 ~20 C . F3py, =5.4 mg/L.SRT {H24 30 d R,
KEEFA 0. 64 kg/(m’-d) &M T , 514 29 d BRI, B MW A pr, >4 mg/L B, BL/E, K 30—96 d,
HAKTHRBRREBLRIETOR A4 ERMAEAZE AMELRA TR ERNML, B KER S EHAEE L
FAEL: 1. 327647 s R I UASB RBIA% , BB ir AR5 I8 R AR TS R VR WB B R A EBMAEES
RBARMBAFIR, ERBE KE.(3020.2) C.pH=73 ~T.9 &4 T, UBRELBRLERHLLET S
KAHAK B HEKEE THEERATSFIHR0.07.0. 10kg/(w’ - d) , 238 24 d 517, BRI EIF 4 i 3L
W ERIME,195 d B BB XA 1.03 kg/(m’ - d) s F R ERHBAETRENRAREARBRINE B
G B BB HBITT 1054, BABAEZHRRER 70%.

X7 FEBML; RESEM; BSREARE; E8; EHA
hE S %S X703 XRIRERD: A X BEHE: 0254 -0037(2011)11 — 1737 - 06

BRI, ¥ AMBALZA A>/0 T A/0 TEM SBR % HEARRBEREALE LTERBK EE
BORIE BREARE EASCRARIF S E L E . B 5 5 R k- R E 1k (single reactor system for high
activity ammonia removal over nitrite-anaerobic ammonium oxidation, SHARON-ANAMMOX) 4 & T Z M A,
Hohik q@Ed % DO LHMBEAUMU T L EREAEEM T EHAATEY B KIGRKR 5 KE M
FEHTANEFREMA IS REEEM T ZNEA T SEBEML-REEALNAEG T L3R
THEHMIMEENERDTR.

BT ANAMMOX ;32 EERMN EREMAME R, WY P AR REMSRBZBEREMR A, Bk, £
FETE LAARBHFRMEY . SREABREEAMBALEK, RELIRIERELRRS,
ETRAREEEMTZAE. HE, ZKEILPFASEHARE AFEF -F2rE8 s LALLM
A REBHEARALEMTZHRA. SRBEABR —BEEAR, EREE S EBRE T HEA N ER
B 121,328 s Rl R AR A R A — R B TR AR B, TG/ R ag a1kt
K, EULBRBFAYRRA. EEAMMAIED, BAHA— 0K AT wb B 458 WAL B B, R
FEERMA . SEENRL- R T AL, LERML-REEEMEES TETHE 50% KRk
1 100% KM IBR IR, LIS R =R, B EFEE T MONANR"". A0 FTEFRTRALER
M- RELENES T ZAERER M p(C)/p(N) IS REMBHBITRE. ERSWH, & TFHER
MUK EMRRRAREURRELZ AR NS E X UHAETME, MWEL 2% 85 5 M 217
frEa M ETREMREZEMNRINE G, FHITHRL, FEAT 2B AFBA.
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. ZEBRILEAT.

FEBRMATREN S A/0 RMFMERNX _TIRAR, LE 1. RACEEMBAEIIE, BRE
AMAERASL LA RE B 1 RERGERX, G 3 BENFAX; T ABMAERN 121, BdmahzEeE
il ok B HE K Y5 U8 [, N R s AT A K B 42 34 L/d K Jy 5 BB A] (HRT) 2924 12.7 h, W [ 3 2h
50% . KRB KBLBR, WEEHLE 8 ~ 10 L/min, AKX ppo FHH 5. 4 mg/L.

REARFAAL, UASB /RN AT, TZMBINE 2 . A4S i A LB H R, & 170 om, W72 8
om, HH AL 8.5 L. RALARINRKBER , I8 A A VLB R, LA 40 om, dy 5 B2 #8068 K o IX IR BE
FE(30+0.2) C,BEEORFKERXMETRE. FRIEKEYS, KB KU SIEHRWH SKIER, B2 E
PRIB GEECHY R EAFRE. FEK N (B 928 1 2 o % 30 3R #2060, 3 e kK 5 I KK AR XS, BEK O 5 R
HETRE—-EHAE.

ik | A0 | SO%NH; % il TNZ
100%NH, [ VA [ 50%N0; GLAES LRI | pegman, | Bk
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Bl A0 TZ ERMURER
Fig.1 Schematic diagram of half-nitrosofication K2 REAEMENREE
in an A/0O process Fig.2 Schematic diagram of ANAMMOX process

1.2 RBEFEKKE
FEBEA 2 BT, 2R TR AL A 00 R K 3R I AE 5 /K AL FE T I AL TS R BRI, KRS B 1.
F1 RBHEKKE

Table 1 Influent characteristics

(ER)/ con” W/ (s ARPEE ) /
TH pH (& B /T p(RR) Peon” , ? -
(mg-L7") (mg-L™") (mg-L7") (mg-L7")
i E 7.4~8.2 9 -~20 270 ~ 430 145 ~ 632 1730 ~2 340 15 ~28
148 7.6 15 330 282 1835 20

L3 SHBMERA®

P oo R P B 43 BB 0 5 SRRSO B R B SR 498 R0 20 DM O BE 0 5 T R R R R B R IR A B O O
B AN PR L BT BWR BRI N-(1-288) -2 B e e ks pH H R BER A pH I B E R K (18E
WTW) ;p503K F DO JUREAX (FBE WTW) ; 555K FI BRI IS 7N 7 8 5 35 5 ¥ A PR Wl IR BV B R AT B 4 o
KB spmss R FAERIK.

2 HRS5IR

2.1 +EEMUMBIRET

4 7 S B R TE S0% L E i, BDTTIA S SC I T A AR AL T 2 AR AR A B 7R R W AL SE B 1Y
S, Ak R R, BRI BRI B, Bk b R R S R R R LT 8 SOk
SR, B TR R R B B K R BRI pH 18 ps pyo IBLJE 195 VB 43 B i (4] ( SRT) 451

AR DA 50 LS Y5 KA B = O I 94 95 U6 S B RO M 5 UR , 4 15 SRT {45 30 d, 78 9 ~20
C oo >5 mg/L KM T, HAEASAMFEHH 0. 64 kg/ (m’+d) , 455547 T 96 d.

2.1.1 FHKSHIE L "
o TR R R B VR B AR, KR TE O ~ | mg/L, e 5 FEHl 28 A 90 L, W I 3 PR, IR LA
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B 5 U A WA 38K, B LA R e S B o B B

K, 152 KT 300 mg/L (M BLHI ppy >4 a0k = KRR —— KR
300

mg/L). FEEBTTRS E LS, HKEA HEA
ETHEYE MEMBAZEEN, E=8A&%
BTRE, RNEEMLESBINE. £F NS ¥ o S uieiirialnlin S
29 %Hﬂk,ﬁﬁﬁ\ﬂﬁﬁﬁﬁ)ﬁﬁmﬁﬁ?yﬂﬁ 16 .21 10 20 30 40 50t/d60 70 80 90 100
mg/L, BREE BREREL T 50%. HEEEBET
5O, K A T A AR 40 0 4k S R AR L 38
B RRRE LR, W AKERNH —
AR WHMEE RN KHET, EFERESAT , 2BHAE D 0 mRMNAHE A, L E N B #H1F I IL7E T
AL B B, B 4 S PR s AR A AL
2.1.2 FASTUMARBRENXER

Anthonisen BB FE MBI £ U AN, X404 Ah 3 B Uk 8 A 3o 0 A T 0 B A ) P BRI, TR T RS PR
(AOB) AL A I BB AT, FA X AR (NOB) \EME R A M HI/E M. dE 4 a5, 55 R4 | W& W E
BR B pa T, 2029d, WA RRERBELT 50% , WEB LR LT 3096 d BN, BREE R
BEEEEHT 90.2% , FHET0% L. NESHBIERETHENBITH B, prn FHH 4.16 mg/L, B
# 10. 14 mg/L, 7R 0 [A] PRR SE B0 T B8 B9 WAH L BCR , 5 Anthonisen 2878 3 ) FA JRE W E X AOB
1 NOB g il VS Bl 43 50 10 ~ 150 mg/L #1 0.1 ~ 1.0 mg/L AH—B. FH4h, RBWEANBIARD,BE
FEI~20 CTEEN,HEIX ppo 5.0 mg/L, ik kF 1.5 mg/L(AOB EMAMHE —MH 0.2 ~0.4 mg/L,
NOB #j29 1.2 ~1.5 mg/L) ,SRT fH# K 30 d 245, TIARIR ./ ppo 1< SRTH 3 NHENAR FEEM L
BB, b WA, R B R A R FA ER LR AR A EM AN EELRG.
2.1.3 HAEMA FRKLEXE

B S WTLAE B, A 19—96 d, Hi /K WA & . S A B BLWR B S — 3% LU (R R IT 7 40, 7 62 d i L
KRBT 1.02,68 d BFRAFAE 1.71,73 d BFREE 1. 32, /G RETE 1. 30 &£4. B1THR1 30 d, i TEME
Y5 PAE T YL B .poo XBEHT , B8R peu 7E 5 mg/L L) b, {H NOB {3 M R 58 &30, AOB B K 5L A
MHBER, LUK TR AR RS E R, A EARRERE I EOE/N, ERH0.30. 30d 5,5
pes X NOB #3858 , Wi Xf AOB MM/, i K EMBARBREARTBEUHE, BE X H 222 mg/
L, WA R R B L B W 4E R 7E 1 1. 32 ML, A B T ANAMMOX 2R 7K B4 7K B 4% 44

p/ (mg-L™)

3 ZEHEHAKBAER
Fig.3 Variation of NH, -N.NO, -N and NO; -N
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Fig.4 Relation between p;, and nitrite accumulation Fig.5 Ratio’s change between ammonia and nitrite in effluent

2.2 RESAKUWEHRIET

XAl UASB R #% , FE Lo (R4 (30 £0.2) C.pH{EA 7.3 ~7.9, HRT{HLA 7 h, #HK K LM
RIRBUSE S50 20 .30 mg/L RAT , EF G ARG IR R ARSI, AR BB IR R AR Mas
RHRSTFRERIHN3.5.1.4 4 L ARMLITRRAE 4 X)) G shHEfr TREEEM AL
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HTREEEMAEERAYKE 114" B et By ik d ks +a0Er.

% ANAMMOX 33 72 3 6, B R . Y0 7 280 B0 25 S A7 9 2 R, R et 2l ) T el e 2 7 R 4008 30
Bt K ERMEBRANERREURMKNE: —FEHBE T ANAMMOX BB M MWHRE, B — maf
55 5t ANAMMOX B &M &, A FaREESEY. B, AR HEKER AN EERE SN
20 .30 mg/L, iR 3% AR B AL B BT8R , 76 195 d i 43 513K 3] 157 216 mg/L, N 6 FiR. 724 d BF, H AL
WAHRIT BB MRS RBRIASE , Hb TREBAE, 2B 59 d B A2 K .69 d BT K A8 &R 8 W )E
1 H (253 mg/L) , EMH T ANAMMOX B M WEH: , S8 UHEEREAR TR 15, N76—106d, =
HEBRABN, EZALTHHKEY. B SSMUEMEERESZMHE, KEBKE—-AN2A 1
B ANAMMOX BRI S S M m ik DA R R R LS )G MEEXE, AHRK. 7£106d FHE . L
WERA X H K G BFE A LR, 140 d Bt —F LR 51K 16 38 mg/L, JJ5 R BRERFFH M, 2 190 d At
SrH1KE) 124 190 mg/L, BA XA N 1. 03 kg/(m’-d) , a7 & E R G AR 3 L)

3 BREIZHHE TR

frERmLB T REMRAEEMBINE NG, & _FRSERARFERMAL- KA ALK
GIZ. BEBH, FOKPERREA T ALRAE, RESETREWET frn, B4, #KkEaRE ¥
A K EEARERE S8 A HARE FEEMA L KER IR MEARERE, Fafd
HREAEAWHKER A EERREE; HKER W AKEME . HKMEERELRMLHHK
A LHA HARERE.

7000 g p —— FJ5 41000
HREA
600 —— (WK RS A —~
_ —— TREA 800 =
180 1300 L, 500 g
~ ctkEE A leoo =
~ o K EE - 0 £ 400+ W
21208 aEKWAE 00 £ = i
N & ik T AYA s - X 300 {400 &
w100 T 2000 ¥
o B 200 E
o L A Onun".,z{mo a 100 g e <
0 » & v R RAANOIA ‘:‘:“’;1::':
5 17 29 46 59 t7/6d 111 148 195 504 ; 306
t/d
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Fig.6 The variation of influent and effluent upon Fig.7 Nitrogen removal performance of the combined system

ammonia and nitrite

KA TEIES T 105 d, RBEHKEEAMERLBES T4 HN3ANE. B -HERAIKGEZEITH
BT 16 d, BRI M 204—222 d. ZM B K E R A EWER T, 4N 540 mg/L, BT LR A AR ARt
Pegim, Hp WA R &R B £ 213 d B iA 3] T 373 mg/L, 45 R 5 B ANAMMOX [ )7 5 3 9 4 -
Strous' " ARy, X4 T A4 LR B YR B B T 280 mg/L B, &4 %l ANAMMOX By HEH. T2, B EHFKE AT
BELZE 222 d BEE M EARE. AW, M TRENARENE, KRB EREREMNS1.3%. 2K
BE 254 d, I KEARBWREL N 450 mg/L, MR E R SR ZREEH. Bk, WHEREREY
/NF 280 mg/L, B 5 4 B ANAMMOX . HE, HAKEEME K EMEAE RS S, KA TEZHER
EBRFHE56.2%. FE3HBM 255 dHER, #F— SR REEKEARBREZ 30 my L, EASEMA
BE/RWRBE LUAE 1:1.09 ~1: 150, KB A M K TR AR R, B A ZBREXBT 70%. HE KA
TEBITHE, EREEREMERERE FHHEERKp(C)/p(N) M5 REABREZ I LERMLZ
Ja A B R R A ANAMMOX 7 28 +0 , T ANAMMOX H{ /K o £ B0k 7™ A S L, 38 i o s 8L BT
FEARMO0.26 57 UMAFRERELLNBARAF AR, SHERERRELKEFRI. 0w
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REBA T LB RS HLE, #— SRS LAERR, FH BT HE—SHR.
4 i

1) RERBAY TR 79 ~20 C pyo >5 mg/L WEEHTF , 4 +: SRT {24 30 d, 3K & B 5 #F
X 0.64 kg/(m’-d) , &3 29 d LA T EBRWMA, LA TREMLERMHL, BKERSEMARE
BERWHERAE 1:1.32 £4. BALGAEEEAE, B8 pr >4 mg/L, BB THA RTELE 70% £15.

2) BRFRBRE R REBORS R, S BEEEREAERHBAFEROBASFRMREEAL,. R
BEAMUMERERNEAG RGN, 813195 d, BEEZBRAMED 1.03 kg/(m*-d). FHd, M 140—
186 d YRR R INF R, M 0. 15 kg/ (m’ - d) BRFIKFE T 0.99 kg/(m’+d).

3) A BRWAREZAMREEZEAMRYEING HKETZL105d MiE1T, BALEBRRELH 70%.

BEM:
] R, BRRE, 28X, ¥ REAKMEATRHERII]). WAL, 2004(3): 54-56.
YANG Lan, YANG Jing-liang, LI Zai-xing, et al. Development of the technoligy-ANAMMOX [ J]. Hebei Chemical
Engineering and Industry, 2004(3) ; 54-56. (in Chinese)
(2] VAN DONGEN U, JETTEN M S N. The SHARON-ANAMMOX process for treatment of ammonium rich wastewater [ J 1.
Water Sci Technol, 2001, 44(1) . 153-160.
(3] ek UMRAML-RESELRREARPFEID]. B Wi KFEIFIEEE, 2005.
YE Jian-feng. Study ofnitrogen removal from wastewater by nitrosation-ANAMMOX process [ D ]. Nanjing: College of
Environment, Hohai University, 2005. (in Chinese)
[4] CHRISTIAN F, MARC B, PHILIPP H. Biological treatment of ammonium-rich wastewater by partial nitritation and subsequent
anaerobic ammonium oxidation ( anammox) in a pilot plant [ J]. Journal of Biotechnology, 2002, 99 295-306.
[5] STROUS M, KUENEN J G, JETTEN M S M. Key physiology of anaerobic ammonium oxidation[ J]. Appl Environ Microbiol,
1999, 65(7) ; 3248-3251.
[6] HER, RBRT, BEW. M- REAKELBEAFIZI]. HFELRE, 2001, 19(5): 7-8.
WANG Hui-zhen, WU Jyn-qi, GAO Zhi-ming. New technoligy of nitrogen removal by nitrosation- ANAMMOX process[ J].
Environmental Engeering, 2001, 19(5);: 7-8. (in Chinese)
{7] VAN DONGEN U, JETTEN M S M, VAN LOOSDRECHT M C M. The SHARON-ANAMMOX process for treatment of
ammonium rich wastewater [ J]. Wat Sci Tech, 2001, 44(1): 153-160.
[8] FUX C, BOEHLER M, HUBBER P, et al. Biological treatment of ammonium-rich wastewater by partial nitritation and
subsequent anaerobic ammonium oxidation( ANAMMOX) in a pilot plant[ J]. Journal of Biotechnology, 2002, 99(3) ; 295-306.
(9] B, MBT. AHMFRBEKLHEEARWARSREI]. PESKHEK, 1999, 15(11) ; 33-35.
CHEN Lei, PEI Shi. The present situation and prospects of treatment technology of oil wastewater[ J]. China Water and
Wastewater, 1999, 15(11): 33-35. (in Chinese)
(10] W3EA. EMMAMAERMREI]. FTEHKHK, 2002, 18(6): 29-31.
ZHANG Ying-jie. Control methods of nitrosation [ J]. China Water and Wastewater, 2002, 18(6) ;: 29-31. (in Chinese)
[11] ANTHONISEN A C. Inhibition of nitrification by ammonia and nitrous acid[J]. JWPCF, 1976, 48 . 835-852.
[12] STROUS M, HEIJNEN J J, KUENEN J G, et al. The sequencing batch reactor as a powerful tool to study very slowly
growing microorganisms [ J]. Applied and Environmental Microbiology, 1998, 50(5) : 589-596.
[13] HAO X, JOSEPH J, MARK C M. Model-based evaluation of temperature and inflow variations on a partial nitrification
ANAMMOX biofilm process[ J]. Wat Res, 2002, 36 4839-4849.
[14] BF, Plx2. REAEALHBEDERKRRBS %M [J]. EYTR¥HR, 2001, 17(2): 193-198.
ZHENG Ping, HU Bao-lan. Kinetics of anerobic ammonia oxidation[ J]. Chinese Journal of Biotechnology, 2001, 17(2):
193-198. (in Chinese)
{15] STROUS M, HEIJNEN J J, KUENEN J G, et al. The sequencing batch reactor as a powerful tool for the study of slowly
growing anaerobic Ammonium-oxidizing micro organisms [ J]. Appl Microbiol Biotechnol, 1998, 50 589-596.



1742 = T ¥ k ¥ ¥ #® 2011 4F

Study on Half-nitrosofication-ANAMMOX Process
for Treatment of Reject Water

LU Jian', MENG Fan-neng', ZHANG Shu-jun®, ZHOU Jun’, GAN Yi-ping®, WANG Yi', ZHANG Chun-ping'
(1. Key Laboratoryof Beijing for Water Quality Science and Water Environmental Recovery Engineering, Beijing University of
Technology, Beijing 100124, China; 2. Beijing Drainage Group Co. Ltd. , Beijing 100038, China)

Abstract;: Combination of half-nitrification process and anaerobic ammonium oxidation ( ANAMMOX) process
for the treatment of rejected water with high ammonium and low p(C)/p(N) are evaluated. The experimental
results indicated that the nitrition is realized in 29 d at 9 =20 °C, average DO of 5. 4 mg/L, SRT of about 30 d
and influent ammonia loading rate of 0. 64 kg/( m’+d) ; The nitrition with 75% nitrite accumulation efficiency
maintains between 30 —96 d when average FA concentration is more than 4 mg/L in A/O reactor; Furthermore,
the half-nitrification is obtained because of effluent ammonia and nitrite ratio of 1: 1. 32; Under the condition of
(30 £0.2) °C, influent pH of 7.3 to 7.9, making rejected water of nitrition as influent, and initial ammonia
and nitration load of 0. 07 kg/(m®+d) and 0. 10 kg/(m’-d) respectively, simultaneous removal of ammonia and
nitrite take place in 24 d in UASB reactor inoculating with mixed sludge consisted of aerobic granular sludge,
anaerobic granular sludge, oxidation ditch sludge and nitrition sludge, and the total nitrogen removal reaches up
to 1.03 kg/(m’-d) was reached in 186 d. After half-nitrosofication operated steadily and ANAMMOX starts up

successfully, the total nitrogen removal reaches 70% when they are combined for 105 d.
Key words: half-nitrification; ANAMMOX ; reject water; ammonia; nitrite
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Hysteretic Behavior of Advanced PFD-SMA Frictional
Damping Brace Systems

ZHANG Ji-gang'”, LU Ai-zhen’, OU Jin-ping’
(1. School of Civil Engineering, Qingdao Technological University, Qingdao 266033, China;
2. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116023, China
3. School of Architecture and Civil Engineering, Beijing University of Technology, Beijing 100124, China)

Abstract: A traditional Pall friction damping brace system is improved by a Pall-typed frictional damper-shape
memory alloy(PFD-SMA ) brace system, which makes full use of PFD and the advantages of SMA. The system
has the energy dissipation ability and self-resetting function. The influences of SMA’ s stiffness, slip force of the
Pall-typed damper, maximum recovery strain, elasticity modulus, and length of SMA brace are analyzed. Results
show that the PFD-SMA frictional brace system has the same energy dissipation with an origin Pall brace system,
even in the case of hugging SMA brace can consume energy by itself. The system has a dual self-resetting

function by SMA’ s super-elastic performance and shape memory effect.

Key words: shape memory alloy (SMA); Pall-typed frictional damper ( PFD); energy dissipation; geometry

nonlinearity
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