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Mg 7 T8 325 U AR 97 i DA Al JEE 5t S ALk B b 3 A e T
28 AnMBR 7K

HoaZh o e? gemm? kA, ™
LATRIRFFREE S LR TR BE . ) 214122, 2. JE ) TH BESR U AR RAL B/ 7l . ) 214122

W OE XRS5 IR R AR A ) IV %% (anaerobic membrane bioreactor, AnMBR) Hi /K FR AT & A ik
S, oL R BT HEROhR T A IR R, SR AR TR A B I 44 T 2% AnMBR H K iE A7 8F— 20 Ab B BT IR
BE L s A (A R) 3 AN PR B R R U I T A E A LR R RAAER , a8 T R s AT AR T
AR R pH B ARk, I R e B 18 2 9 7 ik 3 R R AR BAE AT TR A . SR RS g R .
5 R 2R AE W) 107 90 BT PN X B R 2 R S MR, 7R 60 °C . LS BEH—0.08 MPa, ARSI 2 h B, %
A EBERIER 75.5%; 7600 ) A L & i B P, AnMBR HoK S B A E X pH BA B & AR, BmRE
R 7K A S50 2 A & pHL b FH3f i 42 i 2 S0 B 5 R PR o o7 1 YR AR T A IR R R s A A BR R, X T
RFBR A TTERHE Y R R > s > s R 5 B B R R B B I 2 0 B AR Rl Dy 3.5 h, IREER 59 C, &
ZEEH-0.079 MPa, ZA&M T @A LERE N 92% DL b, FF XA R AT T SCR R UE 5 MR A Ik A T (E 5 S0 58
HYI A B, ML, a0 B A6 A B MO 2 mT LA S BR b SR B s ) 13 UE W AnMBR K RE = A, IFR
MR C/N L, AR SE YA T 2G4 E T RIS %058 245 30T o 0 J5 o7 B B I 203
AL PR BT 3R B8 ) B U8 AnMBR H K & A B Tl Ak B iR 555

KRR KRB B IR AR O A B B s e TR 9

BEE T PR H R B0k, B ROBE B O 28 R T T A i B I T A B 27 R
P E R G it Ja R A Y 2021 v E GE AR SN, 3R Bl AR Ty 8 B b B K F 567 804 t+d T,
AENE B H I 15 1Y 59% . AR b AT B RS I T EMERE 3~7 d, el AR bRk B A UKL R
P2 77 £ 7K 43 R 7K S5 BRI DR 3R SR R R OB 7 AR R B IR P, B B Be T8 IR R 1 K B AR
BNANG R E R . AAGES . AHEYRMLIHSEE, WREBEMEIA Y, Xt
JE 11 B 85 A Bl ™ HE YE G AR R A4 E T 9 R R 4RI A W IV #% (anaerobic membrane
bioreactor, AnMBR) f7 20 £ Bk 1 SR BERE ) B ISP p9A HLIs gy, SR i T IR AR A B R i A
AL E— Lo R A, RBUN KT FE R A A . HHT, R RET BRI A T
Z X MZ Y EA T2, (B H T AnMBR 7K 2 A& 5 i k2 51k 2 000 mg L' DL b, AbFE i
Wi EEA: 2022-04-18; EF AHA: 2022-08-12
ESWE: BRI S LIRS E 4 Y 6 i L300 (2021YFC2102200); VL34 #h4 & J& -1 L3 H (BE2020755); Jo %85 i BRH B ™=
WP AL 4 - R W 2 BHE 6 A S B AR T 56 )(C20212004) 5 b g g 5 FE AR BHIE I 55 2 & 91 9% 4 ¢ By (JUSRP122027)
FE—EH: B D% (1986 —), L, -+, 516140212@qq.com; BRBIEIEH: Bt X K (1966 —), %, -+, #H &,

wqruan@jiangnan.edu.cn
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WK Mk, K ONJREARIM, TR IR, B AR L REAE R R AL A
A A ) U PR SR A IS 19 TS0 AnMBR K PR SR — D b B A B

H R B R 32 B A B0 0T R R BT o G 3 R R A B SRR R T U R Ak B ) AR L
PLUR /D 1 K HR i 2 R 0 HL R U 8 0 DR AR T AR R R e DO i e T A R R R R R K
pH A 2K, T B BOM Km0 DL A e K, SRR AR & ok, Bk 2 s
K, PR IHFER, BATHAS R AR TR A B R R S S — T A v A U K A B T
FER TG BB S 22 R I ST, R K v R i 28 R gk A SR Ak g b, AT S B R
B AEXTH R L, O IR B8R I 2T 29 2R R RE AR, AR TR, BRI T SR B s A
TEBEE A RR K, EESE N-0.015~-0.2 MPa, #]ihpH A 11, {E=EIHE K 1.5~2 h i, 3K
1 KRN 46.63% . BB UEWIR AR — R m A Z K, A THASEARS
OB, FE W B B0 R A5 A R AR R kT LA i D Ak, BRI O, DA 4 5 1 7K 1) pHL.
K B TR S A OH AW G4k oy T, dE— 20 F A, AEMOe k& 0 VB T 84 3
K, WIS B R B e,

H AR 07 He A B8 B 0 280 T 25 i i b, B0t SN R < R 2 R - H A T AR
PARE R IG pH A5 1 Ab BB OB B WOR EUH AL, MR RIRE R 67 C . FL25 [ #-0.08 MPa,
W AW EE S 10001 B, NH,-N BT & ¥k B i 2 621.6 mg L' B & 500 mg- L' A4, EHBRRN
80.3%. LEVERENZ 58 % Wi T 2 AN B IR S0RW, 43 0 i ik BEZ FUR Tk b Bl , & 1
FEIRJE IR F] 92 °C 0PI LA AL S A BRI RE o mT DL £ T A7 i o 4 vk Ak 1 e A UK 4RI Ak
WK HA —mnl e, SR, H R AR 32 B T R 2R RN S BR AR T, i 2 R
SR AR G A T o o IS BT R — A A S B T R A T s, AT 2 £
AR 2R R M) 1 1) 7 () R0 A T AR A0 B O AR B, AT A5 R SR b T8 A 02

A5 R Box-Behnken SCH I 11, HE 57 4% 5% 0 K 38 55 97 1 S0, B 35 58 204k B R R Be ) B 06
W AnMBR H 7K H & B 25 BR R 1% 22 50 R ) 1 T4 BT VR A B A% TR 3 2 ) 22 AR R
TR AR LR AAE, DUWAFH B0 He B A7 e B i 20k A B4 I B 56 T3 UE W AnMBR H K iR 2 AU
Tk i RS
1 #MRl5RE*%

1.1 #Rt 5

R AEE ) B USRI A VLR B T R b A be & T, 4 AnMBR b FRJS IR, 4 C T
{54%. AnMBR HKIKFFEFRUNTT : COD }2270~2317mg- L', NH,-N G /E 4 1 860~2 040 mg-L ™,
TN iV N 1 960~2 050 mg- L', B 2 £R 58 & 4 6 200~6 300 mg-L™", T Ak R £h 58 & 4 1 750~1 850
mg- L, pHH N 846~8.53, Al UL, %K /KM C/N AR, Hh &I EE LI NH, -NERIEALE
1.2 LEERE

F 5% R T 0% D Ao B 3 0 22 B A ] 1 R o i B P AT . R BEAE R S RE A . T A
RANBIEIURE , HER N 20em, AREEN 1 me AU BEFRON , R U IX R E N BUZ
] 3% ZFLIE K K PR AT . BURHE IS A 0, W R R R R T m*h
TSI TR IATT, B 5 L BB V2 W AnMBR /K I AN R | TR B S 6 i 7 R S
KA A . 7R B SC IS WO I A] v, R KG9 I 2 A A ORI LR AR R, SE R
S5 oRUE MBI RHE . AESCB el B rp, Gl R T s AR R s B, A iR Rk
R P2 B 2R . AR AR T, AR B KRR B, R HEA
W AR A v 2 SR M HETC
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1.3 LW HE %ﬁé
1) B R SR . IR B S5 E T L OEE ]
T Ab B 355 B ) 8 8 W AnMBR /K £ A Pk

A, ArnliERE . B BE 3R
FH S . RSy R, o Hop A et -
H(A) AR A 2 428 B (BRI C) AR 4R E P b
42 01 [ 22 % 0 SO B S R i, RO h
B YR [A] B 30 min BURE, I 2 NH,'-N 57 &2 i 5

AL AR T NHL N 25 % o B B 6 e
Jir A s B I 3R L .
) ZREE ALK, ALBREREEE O e |
M S 4G 6 %€ MW OR 43 M7 (response surface ”%E%_*
methodology, RSM) Hv FiLA> 52 Wi PRl - 9 3 ‘B3 1 fEENRERSEEREE
Bl . DA NH,-N £ B R v, 4 H# Box- Fig. 1 Diagram of vacuum in-situ alkalinity ammonia
Behnken 1;% )j! , Ji\z}ﬁ RSM Xfrﬁ Eﬁ{j Hj‘é/ﬁi—i—}%‘:‘; removal reactor

‘;El JZ N —,E:\?_’jf J_; N H:J‘ "B] % H] HE E‘j /EE\Z I] I'J] [—I AS l—‘#//f] %E l B()X Be]mken }\q_l j: %ﬁﬁ—l&* \I,
I . N I l I:j ] o
3 j< ,i\ 3 ;J( :|\ 5 E/‘J sk '%L\ ‘I/X ‘I’I s j l—‘ //T] jﬂ I/\b,f /f able 1

Variables and levels chosen for Box-Behnken

LI YUE, FAR W E RIB TR, NIRSEE

K%
W R BRI, BRI FE 1, e :
. Bk AEEEMPa RO
1.4 SWEE
- TR RN Y- - ’ o N
pH R FH 3 15 o B 75 I 2 5 AL (ALK) R 0 3 0.07 50
P LM, LA CaCO, 15 AR A | 4 0.08 60

Gk R A7 00 2 5 e 1 1T S5 56 >R FH Design-
Expert 12.0 #4753 F1 7347 .
2 #R5TE
21 BEZRWNHERMEERSMNEZN
A 57 J5 A7 B B I 22 R o, K A AU BB SR DL (1) MK (2) IR BE BT B R WK
AR — RN E A ALK, B TFEASEAE SN HCO,, FERERBWHFMET,
HCO, ] LL43fi# R CO,, BT OH (X (1)), M4 = K ) pH. JRK Hh B 8 45 OH AW % b
srFaE, L A, iR BIRER H G Q2).
HCO;«>CO,+OH" (1)
NH;+OH «>NH;+H,0 ®))
AP R, AR EEE R T 2 B . AR AR Y T LA S HORE H 2 i
iy, SWMHM A PSSR EEAC, ERE SN AET, BHRh s 2 m BRI S %A
WAE AR P 20 FEE [ YK By s O R, SR A ZCR Wil s, "R
FEREAR, FRHE K ) NH, S W% 46 NH,, 8025 B R 52 W SO A 20T A i S 22 R R . WA
r S A 25O T2 B2 pH RN B RS R U0 R A R R R R IR K (3) AT AR
¢(NH;+NH;)  ¢(NH;+NH})

+ - T-pH
GO
K,

c¢(NH3) =

(€))
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LA o(NHy) Wil E ARk ; cNHANH,) B H AR EWRE; c(H)Y MVEE T RERE;
K, NAAWMRE B W E TR . ha Q) vl M, EEMpH Mim, FEEASRES. 4
TBR 2R AR T, ol R Ay Vi 8 o e v A Ak 1 R AR S i R 26, o T 5 ) e R . i A
Z MY pH F 232 HCO, M /K fft V- M s, 225 B8 R B2 25 52 ) 25 HC O, M 7K A ~F- i, AT 5% 1) 2
KA pH, #E—25m T2 A MR toh, SONia (] R R m B X —BEE N R, ARmh
R E IR, HE AR TR S BORBOREE . EAS R B 3 AP R EAT B 3 S
B, B E I o BT 45 DR 20 B0 e D o7 i 2 2 1) 5%

1) 5 B X B s iAo 38 I 0 A S I . AR SC 56 7F L 4S JE M -0.07 MPa, [N EFIE] R 3 h, #ILR & A
JRAEEHE R 2 000 mg L' DA RAEFR A 20 L-h BUARE T, 5 S KR B X6 £ R R A R A =ik
R A LBR R KK pH ZRAL 520 . A& 2 F7n,, NH,-N LBRR 50 SIEAOG, bE% IR A2
B, BRAEBRRBEWE . TEIRE N 30 C I, NH, N ZBRRMAL, 10 50.4%, V6076305 4 5
ARZSTT B2 K T (0 8 B e LU Ak Sl 43 F 405 TE TR R 40~60 C B, NH,-N LFRF 2 I 8 -
O BAEBREMN 552% FIHE 76.5%; BEE
T BEARSE F R 70 °C, ST K AE AR
3 o | B N VG T e e

100 10.00

75 F 9.75
G XBEGRR . NHNEREY . f
77.8%, EBRFEMHEMT 13%. REEERE | loso 2
T pH AL R, R, RREN o
f pHER S . BUULE GUR BB A R o) f Joas
o, B R EE AT AR i HCO, M 40, DU 42 Ipﬁfhﬂ’?f?
T K pH. M4 (2) MK (3), pH M AETE 0l— = - - 900
i B ) 075 61 £ e
¥oah, feidt T /RN . % 82 K B2 E R E AR pH N
W ORRERE, TR BT, TR 2K N Fig. 2 Effect of temperature on vacuum in-situ alkalinity
A, TR SRR . B, 2546 ammonia removal

FIEJE B IR DR 2 i IX ]l 40~60 °C..

2) 75 P B A B A 1 R M o E R D R e R e, BB B IR
AnMBR H K FEBLZAE N 5 50 [ ol . MR AHZ e, B ENA e
e = N R T T U N 4 N N 7 M R = W ¢ o AW S ) (93 5 I N7 N T8 RS W IO [ s A A
AR, & &AM R, AR S R I R AR AR K b i A R, DT A i R G
Bio MIRIE E 25 JEXT B S AR HE )15 U8 M AnMBR H 7K 67 SRS B8 2 (R 5 ), 45 TR A 50 °C .
S EFE] A 3 hy 04 B v B A 2 000 mg- L' LA KA BRI & oA 20 L-h !, SEEGZ5 R WE 3 s . &
AEBRRM S B2 R 28E L THEHE, RS H-0.06~-0.08 MPa i}, A LBRFEAH D
Ak, 50 54.0% . 66.8% I 78.5%. K& E25 BRI R, SEE S AT R K 0 pH Wiz L TE, 7E
H.25 R —0.06~—0.09 MPa B}, pH L FF T 0.13, 33X i B B 25 Bt vl DL 2o 2028 R 5= 9 1 pH AR 0 22
REBR . MHEZSEH-0.09 MPa i, Z A LR K 80.2%, (UFHE 1.7%. X HEREH FHEZ AL
BRRR T, AR A EZE D, B B A L BRR A SR S — 2 TR, BRI XA
SESER LR RIS, EANERIBBOCR, XEGARELREE R B MES
J& 2 -0.05 MPa Bt 20 A 2 bR % < 50%, RFBRFEAM. 6% G, B a5 5 R E L X E
—0.06~—0.08 MPa,
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3) BB 67 FE (7 B 6 1 S 3 100 1000
FEH 60 °C, L2 R-0.08 MPa, WA Ky i N
2 000 mg-L™" A K Aff 34 3 & 4 20 L-h' Y S5 1 s Q/

T BRI I G S5 B I A T ism@//J/// s ez
BB BN ANMBR KR . A "

i 651 1S53 8 23 o R 14K B pH 5 sl o2
TRV B A T X pH B, 8 R B 57 TR

T 3o e L N T R 6 B 1 725 Ty y ey ey T
FEHEAT BB, 500 i P K T R HESJEMP

B pH B 57 ] 2 Ak 15 0 G A 4 3 EEENAERMBERSLOENRNZ

Fior . TEA R A B 2 5 I g I i) Fig. 3 Effect of vacuum degree on vacuum in-situ alkalinity
BIEMG, HEBRERELIEEMNES, 175

ammonia removal

WA RIRT 2 h, A ERFRIEF] 75.5%, 1E2~4h, 100 72000
KA — LT 91.6%, 4hJF, HALK s lisoo 2
SN . BUER I 6 BT, NHSN KRR ] £
FiRF) 97.8%, H/KEAEWEE N 41.6 mg- L™, LE 11000 J‘%
BRI K ON [ BLIE, SERS A, T YT e
K B0 6 pH N 850, ZENARIET L h, K 20} PO =
pHHI 2 1 JF 2 9.26, BEJ5 pH LI # 2, o 1o

TSR 6 /NBTSE G 2551, pH ETHE] 9.76, SR i
SRV B o A o R R S U S

Hifa)/h

4 B [E) 3 62 I R LW B AR R AL B AR B9 S0

Wk 3 o PRAECHR 7K v ) Rk T ik 32 Ok DT PR Fig. 4 Effect of time on vacuum in-situ alkalinity
AR R A ML PR A A A AR Y R ammonia removal

ik, AR T K G A iR A dh o FEREE R 60 C 451 T, R SR AT E, KM A
%, dE—LA R AR A AR, I3 pH 19T X (1)), TIAN SERO R H i i 2 1. 2 4k
PR OREE ROK TR 6 hird) f5= B IS (] P 00 25 3] 68 ) T T R R A AL BRI B, A BF
PRI SRWY RN AE £ pH Y[R B AT D B R AR . TEAMESE T, A AnMBR K
HHAETEI A A B, 7EASINBR A AT EE S X E K pH SEAT R, (0 35 R I A B AR AR (7% ] e mT BOA 48 y
MR LBER, BB N N E . B2t AT DR T 20 A L BRR P ZR R G, |
TEMSES b, SN () <2 hibf, A ZEBR AR Wi B R, AR T A, Witsi G
7 JEAS S5 v i S IS 1] PR 3R e Bz IXC TR 2~4 he
2.2 Mo B2 E ALK B R TR LR A | A2

1)Box-Behnken it 204 545K . I A LERF (g, EEBLZEET (A), 5255 (B). i
JE(C)3 R 37K AT e g e it , SR e i ik A Al e 2 T 25, fdE %K% Design Expert 12.0 47
Box-Behnken 11414, SEH 45 R L% 2,

2) BRI BEFE RN T 22 00 M o X3 2 iR R 28R (V) b 352 P R b AT R AR, 15
| Z oA (X (4).

Y =72.94+11.43A+10.77B +7.09C + 2.37AB + 1.92AC + 1.08BC — 8.54A% — 0.36B> — 4.16C> “)
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Fl6 &

=l @) T E S, 3B E X & A LR
R RS H N, WA RE R LR,
T2 TS R L% 3. BB Hr T LA
F=791.38, P<0.000 1, %HHIA A BRI AR
H B R IR P=0.143 9, P>0.05 i 2k D)
AW, LG EERE, wT LA TR 4
Bro B FAERATEN, 3B EX LR Bk
W AnMBR 7K b SR 25 R 3R B2 R R /MR IR
kR EE >SS S . 3 AR R ) — Ik
T, ORI A, C? Y P<0.001, i B 28 K 7
XA BRI R A B 32 B AB.
AC 1y P<0.01, 15 W I [] F1 B 25 B 2 4> 48 B3
T st ) 5 98 5 2 4> 38 F IR 2 R 2 R R Y S i)
R 28 HI BC K P<0.05, 1WA
L3 A8 I A 2 R AR 5 ) A 0 2
PE. [E B T E R AL R=0.999 1, R
1 99.91% 1Y i) 7 B & I8 T 5% 56 36 B A
. RIEJRE R R,,=09980, 5 R MHUH
i, RIS BUNE Y& BT, fEt
AREARY IS S 55 9% R0 {8 B A v (R AT AR E

3) W SO TR A 2 BT o B IR ELAS B
T B 3 21 725 o 11 28 B A X R 2 B 2R 1 5 T
A DL R R T R o [ S~E] 7 S R SR I
b AR v % DR 2R 3 A I 7 IR A R R KT, Gl
i 7 Y T PR BE L BT 2 A PR 3R R i Y
A& H AR . A5 v 2 IR B R S8 LA
R, FEgho 2R RR 2 AHEE
Z I 3E AR B, BRI SRR g 20
i 18] 5(a) AT AT, IR E R [EE (50 C), A
I ] T L 245 B 0 520 280 2% Bk 35 i 522 0 1) 4 7 33
TS AL, W X = A 25 B R A R AR T AR
FHTR o 55 v 26 (18] 5(b)) 2 B0 BH 2 1) A 15
W, WY B ] FHEC2S BE 2 AR 2 38 BAE W
117 24 )58 2 i) 9] g TR (3 by, 3 B2 R 4SS
A £ BR A Rl T (B 6(a)) 3TN
%, HASEXTEA LB R S TIRE, H
G R E (F 6(b)) A B EE , UiB R
JEE RN B2 B 2 AR 2 38 BAE R A W OR B

*®2 MEEZRRITHFREEE

Table 2 Experiment design and data of RSM

%5 WHEAYD  EEEB)YMPa REC)YTC BAERR%
1 3 0.08 40 70.55
2 3 0.07 50 72.84
3 2 0.08 50 60.89
4 2 0.06 50 44.12
5 3 0.07 50 73.2
6 4 0.07 60 80.09
7 4 0.06 50 62.46
8 3 0.07 50 72.75
9 3 0.07 50 73.54
10 2 0.07 60 53.61
11 3 0.06 40 51.15
12 3 0.07 50 72.36
13 3 0.08 60 87.85
14 2 0.07 40 4424
15 3 0.06 60 64.13
16 4 0.07 40 63.04
17 4 0.08 50 88.7
*3 MWEEBESILE
Table 3 Variance analysis of response surface experiments
results
WH M ARE FlH Pl
I 2817.08 9 313.01 79138  <0.000 1***
A 401.86 1 401.86 1016.03 <0.000 1%%*
B 927.30 1 92730 234449 <0.000 1***
C 1044.93 1 1044.93 2641.90 <0.000 1%**
AB 2242 1 2242 56.69  0.000 1**
AC 14.75 1 1475 3728 0.000 5%+
BC 4.67 1 4.67 11.80 0.010 9%
A’ 306.74 1 306.74 77553 <0.000 1***
B’ 0.546 4 1 0.546 4 1.38 0.278 3
c? 72.79 1 7279 184.03  <0.000 1***
32 2.77 7 0.3955
AT 1.96 3 0.6529 3.22 0.1439
afiR 2 0.81 4 0.202 5
BAIHER 2% 2 819.85 16

T R B FR IR (P<0.001), **FK/REF L E
(P<0.01), *#/REF B FEP<0.05); [ TR K e R 5
R=0.9991, KIEYE RER’,,=0.9980,
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0.08
90
80
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5 2 0.07
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40
0.06
I 2 .
(a) o S iy T 14 (b) Sk
5 EfEFE DX SR KRR E NS S % E
Fig. 5 Response surface and contour plot of time and vacuum degree on NH,"-N removal rate
90
80
I &
w7 =
H
& 60
&
50
40
60
e 25 /MPa
(a) o 1o iy T ] (b) Sk
Ee6 REMAZFEMNEREMRENIENMEMES%E
Fig. 6 Response surface and contour plot of temperature and vacuum degree on NH,"-N removal rate
X AT RE A T 2 4 RO B A R R e AR S e AL R] R EE R B = A 4 1A

SRR, A B R A A R AR . 2 EC2S BE  TR IE (—0.07 MPa), il 2 B[R] AL
2 A PR 20 B R0 o R 1 o 7 T T R (121 7)) i) 2 B0 B A 38 R AR Ak, B S Ik A R 2 R R I
SO TR, ELAE 2 1R S Y A TR (121 7(b)) . 1d B TR G e 1 A P A2 B

4) W) 157 TR 2455 SR 9000 0 90 UE 38 5k e o7 i T3k 4347, R Design Expert 12.0 R4 v i) T ) fig
A LG A S B B S5 AT, . AARAS e S A R R R O N, R . LS R
FF 5] 3 5500 26 W o7 Y0 P PN, A BABL R S [l A A B A 1 o BEAILBE R AY S ALAD B AL AN 4 TR . Ry
IOUFHLAE R, BEEEEE 3 AL, AT Ab R LA I AR AR R R R T I S . 7R A

BFIE] A 3.50 h, ELZ5 BE 2 —0.078 MPa., & & 59.00 °C BT, HHIT 3 HEE L, WA A
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(a) WAL (b) ZE 2R
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Fig. 7 Response surface and contour plot of time and temperature on NH,"-N removal rate

FBRRIILE 92.0% Fo 7 o LU 45 5 WA L A4 W R UM AL TR AR A% ¢
BT L U 3 S A R LA A Table 4 The conditions for response surface prediction
B T £ 45 BE(AYh  EZSEEB)YMPa  REE(C)YC  HAEBRE/%
sEip 1 3.28 ~0.080 57.25 90.3
3 =y 2 3.50 ~0.080 50.72 88.8
1) A S 06 DA b7 3% B8 B8 ) 18 3E W AnMBR 3 3.50 -0.078 59.00 92.0
oKW %, RASUERAMERATE ¢ 38 0080 3890 943
5 3.66 -0.076 59.55 89.3

JBR A A, e AR, h B R Bk
MR A Ehorff, CO, ik, pHH 854 &% 9.7,
T T ING, AT LA s A B A

D)RMPH KL, HRHRTIRE ., B B E X5 5 5] % 38 I AnMBR
HOKE A RBRR MW, JF AT oY, 25 S g Ry, R B AMIK R hy I > LA
J3E > 158 2 e ]

3) e PR RSB LA L, w1 48T, L T 3 AL B A BB UE VR AnMBR 7K
A PR IR S TECERE AL, IR S BAE . SR Box-Behnken 52 55 11X 51 46 B 48 ik
— Ak, AT e E A LR R T B R R 3.5 h, ELASEEN-0.078 MPa, IRk 59 C,
X F R 92%, SEIGHGIESS AW, RSM Y T (8 5 SC 56 (8 W) A 80T
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Optimization of vacuum in-situ alkalinity ammonia removal from the effluent
of AnMBR treating the incineration leachate by response surface methodology
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Abstract  Generally, the quality of anaerobic membrane bioreactor (AnMBR) effluent from incineration
leachate cannot meet the discharge standard due to the high concentration of ammonia nitrogen. In this study,
vacuum in-situ alkalinity ammonia removal process was used to conduct the advanced treatment of AnMBR
effluent. The respective effect of temperature, vacuum degree or time on ammonia nitrogen removal rate was
investigated. Then the change in pH in the system without adding alkalinity was analyzed during the ammonia
removal process. Furthermore, the interaction of three factors was discussed and analyzed by response surface
methodology (RSM). The results of single factor experiment showed that each factor presented a significant
effect on ammonia nitrogen removal rate. At 60 °C, the vacuum degree of —0.08 MPa, and the deamination time
of 2 h, the ammonia nitrogen removal rate reached 75.5%. The own alkalinity in AnMBR effluent had a
significant regulation effect on pH during the vacuum in-situ alkalinity ammonia removal process. Bicarbonate
in the AnMBR effluent hydrolyzed under the conditions of vacuum and heating, and the produced carbon
dioxide volatilized from the system. This process could lead to a pH increase and promote ammonia nitrogen
removal. In addition, the effects of temperature, vacuum degree and time on ammonia nitrogen removal rate
were investigated by RSM. The order of contribution of three factors to ammonia nitrogen removal rate was as
follows: temperature > vacuum degree > time. Under the optimum conditions as follows: time of 3.5 h,
temperature of 59 °C and vacuum degree of —0.079 MPa, the ammonia nitrogen removal rate was over 92%.
Then the model was further verified by experiments. The results showed that the predicted values were in
agreement with the experimental values. Therefore, most of ammonia nitrogen in AnMBR effluent could be
removed by vacuum in-situ alkalinity ammonia removal process, and the C/N ratio of the incineration leachate
increased substantially. The results of this study can provide a reference for the industrial application of vacuum
in-situ alkalinity ammonia removal process treating the AnMBR effluent from incineration leachate.

Keywords incineration leachate; ammonia nitrogen; in-situ alkalinity ammonia removal; response surface

methodology
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