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8 OE T B BUE YR N A (MBIR) L g AR K G X IR R £ (BrO3) Al s iR £ (C10;) [Al &
BRI, B TR RIIR, FFSE T AN E AR T MK R BrO;MICIO Y L BRBCR . KBRila . Y
it LT R GE e B RN B % SR RWT . AR JI N 0.02 MPa #2155 % 0.08 MPa B, BrO;#ICI1O, 11 25 K&
AT T 12.5% R 17.2%, BRI & 530 7+ T 0.001 2 g-(m*d) " 1 0.002 g-(m*d) ', {HBrO;FICIO, Bk % Jf:
A Bl SR SRR T i R R TR S MK E M 1.0 mLomin ' 42 % % 4.0 mL-min' i, BrO;#MCIO, 1 %
%38 &2 0.005 g-(m?-d)™"' 1 0.006 g-(m?-d) "' 43 F+ 5 & 0.014 g-(m*-d) ' A1 0.017 g-(m*-d)', {HBrO;#MClO, iy % i %
533 B\ 98.4% Fi1 98.1% KEAR 2 69.7% 1 71.1%, X B4 W PR 7K 3 38 7T 5 2 BrO; M C10, 19 2 bR 32 U] Wl 3 AIK  45
B JE RN B I 2E 5T, MBIR 18 47 30 RE fie A 19 %00 J A K it 343 51 54 0.04~0.06 MPa il 2.0 mL-min ', £ )
2 5 T R Gl B MR T, RO AR L AR (L) B9 5E SRR SF HE BrOSRICLO i JEUE A 2 s i I
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BB UT I T A . MK, EERAAT, BIRERARE . BILEEAR, HEALET
SR 5 T 202 ) B 0 1 L 1) A — HE B85 0% Y W Mk 42 00, LA o i v
FEARTF 20 pg L' HUEAT UL, BrO;#1CIO;, & A A 52 M AATTIAOK 2 4 1 — KR, 220 T & Bro; fil
CIO, HI IR BT 53 5 52 K

FHFEOY F W], e AR AL IO BR B F L DE 4 B 499 T L P A WL s TE ML Pl T (o
i, LFE. SREL. AU, KBO;. CIOHE N M TR AR R R B T (Br . CD). SR
B 37 2% (MBIR) 2 — B 0 1 9 2 6 S5 AR 5 2 4 S L MR A 45 4 S BT 28, LR 0
R T 40 A P4 19 22 B 519, CHEN 45U il DEMIREL 2512 1 il MBfR 25 B Ak 803 BrO; . CIO;
HUTE T LA A AR | I I AT 5 B g S K S B 2 R RE P S B R U 5T
IO 85 4500 1 FIT MBER % 22 R SR 1 15 S B 1R 25 2 B TR T RS, 3% T 52 Bk £ 2 B e i 7
THEZ. 550, AP MR (NON) = AL M AL B 2 T 132 926, 3 ZhOIL I ok h e
SRR HINOSN, A W P 77 7 SRS LB 5 NOZ-N 2K b BB S AL M PR (1 T2 1), HLAE K 5F
5 vk B 5 T BrO; B ClO; 5 i il Ak T B3 S il Ak ik i 35 i A7 AF T /K BR8E H, HX) BrO; 5k C10; i Jit
WA — MBI . B, WFSENOG-N JE77 4 F 400 15 3 /K 30 BrO; A CIO; [ 25 2 R B
F 2 0 LA 3L

RBFFCTRA S EE T AR 15 K T 3 BrOyFICIO, 2 % . J (i ik . 244 ik eby -0 5 37 B
DL RGR RS 1 24 52w, LUR 2 MBIR [A] 25 25 B BrO; A1 CLO; 1938 B &USUE H 53K i #, 4 MBfR
0 . BACE RIS A A
1 MR5EE
1.1 SLERE He=

B I MBIR %t 75 DL 5 J —
PR OB, EACKE | [ . s i
R S H N (B 1) S AEBRA M o2 ST A2 ‘ ,,,,,,,,
S E SR ENN TER e T i a
BAF 25 7 8 5 T A R B (2 ) R AR U Eg

(BT HEPR). BRI A, TS i ) il
K 5 TR IAS TR B K [T UG, A A .
T {3 2% A T2 1 o N BB K AR TR B 38150 o S ‘447Mw§ /
M EBREAESHN T . & 65 em, HWE L MBI e i —
6 om, AALERLS Ls AT AR 65 AR, Fig‘. 1 Schemat;z oftl:e‘ml;/[;SfR
JREKE 100 cm, JEAME 1.5 mm, FRAE 1 mm,
FEEFLAT 0.02 um, JEZE H AR 0.28 m*,
1.2 KWEH

HEIK RN TALLBC K, LA 80 mg L™ i NaHCO, A EHLEK I, 30 mg-L ™' AY NaNO, /F i & Ji
(NO;-N A 5mg-L™, AW FM, (K EENO-N REJE JEH L ¥4 BrOs s ClO; R fi, [k, LABE
K BT & 5 mg- L™ NO-N1E A ¥ 5 ¥ & OF ¥ it NO;-N). | FH 216 mg-L™' fY Na,HPO,-12H,0 I
236 mg'L ™' /Y KH,PO, 1E N 28 ol i W 5 iE K pH,  DAGE 3 I s o 3k F v pH RN 2L TH i o e, il
K &G B E SR T R AT LA AR A AR, BARE U IR : ZnSO,-7H,0 0.013 mg'L' .
H,BO, 0.038 mg-L™", CuCl,-2H,0 0.001 mg-L™", Na,MoO,-2H,0 0.004 mg-L™"', MnCl,-4H,0 0.004 mg-L™",
CoCl,'6H,0 0.025 mg-L™". NiCl,H,0 0.001 mg-L™". [ #E /K sP & H AR5 444 (BrO; F1CIO; ) A48 5

Argh
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BrRis ek ik, JEEEAFTEIARR 25 L (SRR AR b, TEOKARANE b — 2 R AR AR 17 Ot Ak 2
Bij AR PN 7= A 2 o SEIR TR RATT, Al B A T id AR i R AOR HEBR 7K A I A 4

MBIR Jii 2 Y4k B Bt 5 BrOS FIC1O; B fif £ 51 S 4 1Y T A0 a3 1 iz o 43 o) DA 52 30 2 4 4 o vp
$2& URE % 38 I BrOS M C10; (TR & AN BAE M He M U E Yy, R AR HERR . I ME], 3 A 0.5 mL-min™'
FFFE 2.0mL-min™', P M 0 mL-min~' $2F+ % 20 mL-min™', #£7KBrO; fICIO; #¢ & /1 0.1 mg- L™
FEAZ 1.0mg L™ 1.1 mg L' 38 8 UL EE A1 35 11 A 4 [ 4 B 25 IR 2 LA Kt /K BrOS MICI0, MR B, iff
GEHENGT FEIERE o X TR R RS, R SR, R SE AT ROV AR 2 d 5 I
B, R 2d(ZE T 1.0 mL-min ' i 1) HRT=30 h) & LUE RG08 B IR A, RS E U R
G5 WEBREMEE, EAYR R EIFRA R NEl . SRR R TH AR 2d
BCL AR, JEEC3 I ECT S5 4b 28

#* 1 MBR B3I 5Bro;FICI0 BB RFIZHR TR

Table 1 Conditions of acclimation stage and series test of BrO; and ClO;
degradation in the MBfR

H )/ K #EKNO-N/ - pyfilyfif/  #/KBrO3/  #E/KCIOy/

FHHE MPa (mL'min™")  (mgL™) (mL-min™") (mg'L™  (mgLl™)
Jashgifk 0.04 0.5 5 0 0.1 0.1
L] 0.04 1.0 5 8 0.1 0.1
Jashgifk 0.04 2.0 5 20 1.0 1.1
R A S 3 0.02 2.0 5 20 10 1.1
R AR 30 0.04 2.0 5 20 10 1.1
R ffe Sz 3 0.06 2.0 5 20 10 1.1
R ARSI 3 0.08 2.0 5 20 10 1.1
R ff Sz 0.04 1.0 5 20 10 1.1
R AR S5 0.04 2.0 5 20 10 1.1
(3 iy 0.04 3.0 5 20 10 1.1
R Afp S 38 0.04 4.0 5 20 10 1.1

1.3 BHIERFE

BrO; F1C10; # 7K 3 T8 57 7 43 531l £ 2 857 I [1) B 45 5 T AR 7K 48 1) 7 /K BrOS FICIO, BT it o BrO; Al
CIO; 2 5% 38 3t 43 51| 48 B 057 B[] B A7 68 1A AR 25 Bk 9 BrOS M CLO, i i, 5 i /K R B8 R HH K Wk A
XK, FH T RR AR 2 AL FR H ARG Y RE F1 . BrO; AICIO; b v Ak 38 1 00 F T e 48 BrO; I CIO; % fift
PR PR LR . MR TR A T B IE A 5 Yt B MR SE R O R . SR
TR 400 WK (1)~ @),

_Si-0
F=— M
_(8i=S.)-0
J=—" @
_J_8i=S)-0
N=§="4s @
Eeq J _ (Si_Se)'Q (4)

"~ Fews  A-Few,
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K. FHBrO;MICIO /K £ i, g(m>d)'; J NBrO;AICIO; FkiEHE, g (m>d)'; N NBrO;Ail
Cloprififbii i, md's S, S, 200N BbRis et . HoKWEREE, gm”; Q Wi#bKiiE, m'd';
ANRERMEM, m*s E, N FZREE S50 T (o) HRia, D mhd) ' Fuy, WIEEEFE T
M AR E N T, RAEBrO;. ClO; FINOG-N #4758 438 A2 J Br . CI AT N, ik~ it & ¢
Z, BrO;. ClO; . N fHL FZIRAY Foy, 290100 213, 12.4 F12.8 g-4~'o 4 1 mol BrO;(43F /5 i 127.9 g)
T % 6 mol H'(e)) A fE 58 42 ik J5 i Br (BrO;+3H,—Br +3H,0), [ It, BrO;#Y 24 fF i, 7 b A4 8 4 1
Frw=127.9/6=21.3 g1,
1.4 DG E

ARSI BE R SN g USSR KRR, R 0.22 um BERE IS IR, SRIGAEA 4 C KB IRAT, iy
Bro AKFEHHBrO;. Br. ClO;. CI'. NO;F & 1V B HR FH B i kil 2 . fr A AR B s+
JEAY (ICS-1000, & [E 22N T, GiEH: A5 IonPacAS19, {#P14EAIS K TonPacAG19, Wk M
60 mmol-L™!' KOH I& ¥ -
2 ZR5R
2.1 MBfR B4k

MBIR Jii gl YAk () B 14 2 fiff v 25 2F 4 il
A1 3 T E 4R RE % 18 L fif BrO; F11C10;, /Y il AE
Y (W), TEEE 1 BYBORIEE 2 B By, FRLE
BAT39d JE, WS e YE A T B E A K
B O AR, AEYEY L. BES
AW 3 B B (@E /K i3 2.0 mL-min™',
[A] 37 7 BF 20 mL-min ', BrO; 1 ClO; ¥ J& 43 il

W/ (mg - L)

0 2 4 6 8 10 12

H1.0mg-L™" A1 1.1 mg-L™"), KW#%H7KBro; . 3L

Br . CIO, Al CIf¥ e B A8 Ak i &) 2 iy s . wf K2 MBMR 3 hIMLE 3 BBtk PBro; . Br,
VLE W, Bl A& BN A% 1Y 3% 2815 17, BrO; il CIO; I CI ¥ JiE A5 Ak

CIO; 1) H 7K e i 35 5 2 F % 2 0.015 mg-L™' Fig. 2 Change of effluent concentrations of BrO3, Br", Cl0;
LIF (i\': I R 4 3 100%); W, skt Br and CI” during the third start-up of the MBfR

I CUMR EE RS m, B A iy Br Al CLk
J& 55 7K H BrO; M ClO;, B AR (1 Mk B 22 8] () LU (B 823 T e el Ak 2# it s e R Bk, ol LUK IZBYy
BRI =)ok B fl CU, B ] = i e A 5 B
2.2 S5 E S13BrO; FCIO; P& fif B 52 M

K3 WoR TASE S R 0.02, 0.04, 0.06 F10.08 MPa if MBfR X BrO; Fl1CIO; [ 2= BR &% 5 . Al LA
F i, BrO, FICIO; By 2 bR R 2y Bl &SR 1 T a2 i 38 K, BrO; AlCIO; Y 25 55 2R 43 511 M 85.4% Al
79.5% Ft+ i 2 97.9% M 96.7%; A wF, 7&K K W 2 Bro; M Clo, 19 ¥k BE 43 ) B 0.14 mgL™
1023 mg' L™ f£% 0.02mg' L™ A1 0.04 mg'L™'c XULARE KA T RGP 00 FHK
S, AR HE T BrO; MICI0; 38 JE R A . FH L 3(b) NI 3(c) rT %N, Bl SR B9k, BrOs Y25 BRiE
1 0.008 6 g-(m*d) " F+ 1 ZE 0.009 8 g-(m*d) 'K 0.1 £%), M0 BrO; YA AL 8 W H 80K T 5
H1 0.060 3 m-d"'Jt 5 % 0.490 4 m-d (¥4 K 74%); [F] B ClO; Y 25 Bk 38 % 11 0.009 3 g-(m*d)™! T &
0.011 3 g-(m>d)"' ¥ K 0.2 %), bR biE & H 0.0399 md” FH & % 0297 7m-d' (¥ K 6 £%). HiMAl
W, BrO;MICIO; AY 2 Bk 18 & Abr (bl B B th Bl TR R B 9 BT, (HP E pn AL /e LT
R T ARRE R LI AIR A . DL SRR, R EA AR T 5 EBro; FICIO; HY K v B B AR
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F R K5 25 F 5 Ol A BRI S 3ttt g AT MRtk TR S

BR T % % B K R B UR AT O T

0.06 MPa) & Tt R ke . BRI, M Al 096 7

LA, REHA U/ 004006MPa, T "

23 HEKRIER BrOFICIO; IR M F B %
PSR 10, 20, 30 40mL E O “

min', 2 %% 25 BR BrO; il ClO, 1 5% BE 40 &1 4 024

Jrn o Bl HE KU B 2 W R, Bro; 2 B SR

98.4% [#AR 2 69.7%, ClO;ZBRA 1 98.1% K% 07002 004 006 0.08 002 004 006 0.08

% 71.1%, K BrOSHY e 1 0.02 mg L TH S

% 029 mg-L™, oKk ClO;H9 ¥ JEE 1 0.02 mg-L (a) BrO, HICIO 3t KA SR

FEE 033 mgL!, HREW, G ERTRE S0l o "——a o,
Bl T a2 K 90 45 B 8 B AIS T BrO; 1 CIO, t 5
R TSR < P 4(0) R de) A ik, B 200wy |2
BrO; M1 CIO; 1 i#F 7k & 1 1 7 26 M T+, Bro; 1% =S| 2
KBRidH 0.005 g (m*-d) ' TR 0.014g-(m*d) ', F “amo fktinit|
AR ELE A 0.33 md™ P2 0.05md™'; ;% 0.008 8 | —E—BrO{%Efﬁ?ﬁ g
[FIE L CIOGHY 2 bRl Bt 0.006 g:(m™d) ' FHRE ¢ : | ehemm 0o
i 0.017 g.(mZ.d)—l , ﬁﬁ/ﬁ\:ﬁ}%ﬁ;ﬂz@ﬁm 027 m.d—l 0.02 0.04 0.06 0.08

SRR HI/MPa
2 0.05m-d. &5REW, BrO;MCIO; YK e L T —
REGEIGIN, BRI R A T o
TORGR, WL TR R, T 0 [
B FERAES RS, AP tRENET ;Omr :
T2 R E 5, Pk, 530BrosICIO) i 22 1% @ '”@
i@jﬁﬁ%ﬁo Wﬁ%%*‘b’ﬁﬁﬁﬁﬁi fi&ﬁ%/ﬂi ;E 0.0104} PR ——— ;\—;
TfF BB RAE R, ERYBMNIAR, X 8 e
PR R, SRR A K ooy —o— Clo, i S
R WUk, &K E A 2 mLominT' 08 o - . . o
F MBAR [f] 458 iR BrO; RICIO; . 51 U3 4517 R
76 ] MBfR Ab 3845 495 Je K AR & 30, 4 (c) CIO, FRili fifif i Pk it
K HE AR i 2.0 mL-min™' J5, V5 42 H R LB R B 3 A T BrO; I CIOG I fiff 14 5% 1
Lﬂ%%%% s ﬁﬁﬁﬁﬁ% 3] éﬁ%%ﬂ) o Fig. 3 Effect of hydrogen pressure on degradations of
24 HYENERTHBERNLESW BrO; and €105

P2 MR 3FNH T g SR R K R
B T R R H A ECRS L . NOS-N. BrO;MIClO; i 24 B Hi 1 (¢7) i & 43 5l o 9.2~36.7 .
0.23~0.66 1 0.48~1.34(107° /> -(m*-d)™"), NO;-NI#¥ Y & HL F 38 1 73 fic i K (92.8%~94.8%) . X 156 HH J fif§
it BRI RE I L T A SR Ik £, HIRJECIO; (3.5%~4.8%), 1% 7 M & ClO, 38 JFE R iR R p e —
K PRI FE R s M BrOsif JR AR (1.7%~2.3%), ik TRk, iR R 60, Bros#1CIO; i
JE HL PR ) 5 A PE AR 2R AL T g A, i RS AT B AR R S 2R S S AT R K
V- 57 B BRI B, S A Ak 6 L R AR 1 R i 4 2 A0 fili 45 BrO; M1 CLO, 1 348 T A7 B AX K52 i . R T,
ARG AMET , SR TR R =3 Y 5l 738 2 0 s R IR A, B SR T R
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T I R ) A SR G A, R 777 L S Y
TEAE RS Z R I . N Za i Rl 22 42 1 i ’
S, RERSAR S A SRS G55 0.04~
0.06 MPa i f:4%). N <
GRS N TR ISR SR :
B AFREHK . (LR, NOMNA SR = «
R L RE SR N, 1 BrO; A CIO; [ #1 #5452
B ARG OO0 H g2 2 7K 3 38 38 3] 4.0 mL-min "B, B
G0 e K. i3 [RETE W], NO3-NfE Jy i T
BEAR 1 e KA FER . X4 BrO; F1C10; i Ji i 21 Fi s
PR . T 4R 1 BrOFICIO; 25 5 Hy T g (@) PO RCO SRR
AEJr, KM EZ R TR, BT EBo; 5 00%0r —A— BrO FRMEfL B los
MCIO R T BN SO, REEEE L |\ TS e -
1E R HE K e o 24 3K 3 Y 2.0 mL-min™! ttl%l: ' S 1o :
I, BrOsMICIO, i i @ AT 5 LB b B 5] ' E
THEKCOE, ARG SN 2 3
ik & 0008F 101 LE)
25 EMBEAMENTREHY g g
S E— 2R K R SR S T R . : oo
BrO; % C10; 7= B 12 2 (1) AH 5. 58 4 Pk B X 4% Fl ) HEKHLE (mL - min)
R I R B, ARSI A TR (b) BrO, i R AIER i
IR GRS K TR 0.30
BN T R KR R A Ok gy T o oot loss =
Tk vl B O R AR A i, SR ARDE S0 N o com f
W3 (5). E\é 0.016} 1020 EE
. )
"= (;1((1?;3) %) % 0.012} 1015 %
R BN SR ERER % oo 010
Wi, gtd)s SNBSS S| | ,  Joos
B\%%{@}E , g.m-3o 1 2 3 4
BrO;. ClO; FINOG-N 3% J§ 51 7 2 95 4 <mm§$$§%g%wﬁ
o e . ig. 4 Effect of 1r}ﬂuent ﬂOTN rate on BrOj
= Y EAE T H 0.02 MPa FH 5 2] 0.04 MPa and Cl0; degradations

B, = FHiE 2R KEE s hEit s s

SIET, ZFHMERE S S B TRE . 2% M CHUNG %% &3, X654 (p-CNB) il
R L (AsO}) i JF X & AR J1 28 A i UM AN SR B, JEACR A7 J I 3 i ARk B /KO i 52
Bl 5 E K S R T =5, BrO; . ClO, FINO;-N (934 J5 8l 1 2= 908043 1 8 0.323 . 0.385 10.755, %
VT T AE W A A B 2R A T2 U N Bl T % (AR W b ) — R RRBRAE 00 ). AR TR I, TR
JREEIEN , RN FBUNT LB, 48w K 5 TR GRS Y 0 e BRaE R AR, A
17 3 25 7 45 T BrO; FCLO, 19 25 B R B AIK o R J2 A W B ) 7 1 B 1 2 52 i 2 40 2 P 9 Jo 38 3 1) 2
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*2 TRESSENTEFZHANLEERTFEERESE
Table 2 Electron-equivalent fluxes of electron acceptors and their distributions at
different hydrogen pressure

i Tl /(107 4>+ (m?d) ™) i /%%
H,J%& J1/MPa - - - -
BrO3 ClOo, NO3-N Pyl BrO3 Cloy NO3;-N
0.02 0.40 0.75 18.4 19.55 2.0 3.8 94.1
0.04 0.45 0.90 18.4 19.75 2.3 4.6 93.2
0.06 0.46 0.91 18.4 19.77 2.3 4.6 93.1
0.08 0.46 0.91 18.4 19.77 2.3 4.6 93.1

x3 ARBKARETEHFZHNYEETFEERA SR
Table 3 Electron-equivalent fluxes of electron acceptors and their distributions at
different influent flow rate

YR T R/(107 4 (m?d) ) ol %
K/ (mL - min™")
BrO3 ClO, NO3-N A BrO3 ClO, NO3-N
1 0.23 0.48 9.2 991 23 48 92.8
2 0.45 0.90 18.4 19.75 23 4.6 93.2
3 0.55 1.17 27.6 29.32 1.9 4.0 94.1
4 0.66 1.34 36.7 38.70 1.7 3.5 94.8
BEREZ—. Bk, N TH#FE—-REERYIN * 4 EYIEABrO;. ClI0,FINO;-N K
VIS SN N e 7, (8 n =5 470 3
B, AT LU 2 WA K I R ) 7% ) ﬂ’?“ﬂﬁ*—&%
Table Reaction orders of BrOz, ClO;
A | 30 4
PR and NO;-N in biofilm
TEFE AR S0 T, BrO;. ClO; MINO;-N - -
Sy o EALICES BrO; Clo, NO;-N
I mI WA &y )AL iy N me= R WA WA PO WK 0} =2 ) "
- . e . . AR -0.065 —0.099 -0.130
M, 3R R PR 7K S X = 3 ) 2 o 3l o A 2
HEAK L 0.323 0.385 0.755

A N AR W A OB - E A NP

Ai, TCE R RS K, NOS-N Wi 5l 1120 ok, HkJ&Clo, FIBrO; . H ],
TER N SRR, S A AR SR A RBOE P B, B X BrO; A CLO;, 8 38 Ji s 1l 0 7 1) 52 1) o
3 &1

1) & AR S T o] 3 EBrO M CIO, (1 25 BR R B Wi Fh iy, (HIF AR BE S A K 1 3 0 2 e bE T i
v, MiBrO; MICIO; 1Y 25 Bl B0 52 S T Jo i T a3 SO 2% 25 B BrO; FI C10; Y fedii &<
714 0.04~0.06 MPa,

2) Bifi 5 HE 7K U A T, BrO; MICLO; 1 2 Bk 38 it AH B35 0, {H BrO; F1 CO; 14 Ji T 422 A A
FHIRL D, FEOL LGB, EH K RE N 2 mL-min™, 538 B T BrO; M ClO; 1Y 38 57 % i .

3) BrO; FICIO, 3 J 4 Hy, I A iy G 25 b T 25 #, SOm Ak il B ) v, (A4 7= A s B0 5 o A 1E
BEK R T, P A SE IR Bro; . CIO; Al NO, =N i Ji 24 2 H, 738 i & H A3 e 19 5% i 2 4708

4) A 1 F i X BrOSFI CLO; 25 BR A5 RE A 52 Ml B2 B AR 5 3, BrO; A1 CLO, 3148 Ji ] i 7K i 3 1Y)
SR R T AU S o AT SRR S ANt K X SR Ak A R R B EL X BrO; Al CLO; A B 4 5 i T
58, PRI X BrO; A1 C1O; 25 4 1K R v 7 B 3 461
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Effects of hydrogen pressure and influent flow rate on simultaneous removal of

bromate and perchlorate in a hydrogen-based membrane biofilm reactor
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Abstract In order to investigate the effects of hydrogen pressure and influent flow rate on simultaneous
removal of bromate (BrO;) and perchlorate (C10;) in a hydrogen-based membrane biofilm reactor (MBfR), the
variations of removal efficiency, removal flux, equivalent electron transfer flux and reduction kinetics of BrO;
and ClO, were studied based on the sequential batch short-term experiments. The results show that, when the
hydrogen pressure increased from 0.02 MPa to 0.08 MPa, the removal rates of BrO; and ClO, increased by
12.5% and 17.2%, and the removal fluxes increase by 0.0012 g-(m>-d)"' and 0.002 g-(m*>-d)”', respectively.
However, the removal efficiencies of BrO; and ClO;, did not increase linearly with the continuous increase of
hydrogen pressure. When the influent flow rate increased from 1.0 mL-min' to 4.0 mL-min', the removal
fluxes of BrO; and ClO; increased from 0.005 g-(m*d)" and 0.006 g-(m*-d)™" to 0.014 g:(m’-d)™" and 0.017
g-(m*d)”', but the removal efficiencies of BrO; and ClO; decreased from 98.4% and 98.1% to 69.7% and
71.1%, respectively, and these indicated that accelerating the flow rate of the reactor significantly decreased
BrO; and ClO; removal. Based on the study of reduction kinetics, the optimal hydrogen pressure and influent
flow rate of MBfR were 0.04~0.06 MPa and 2.0 mL-min"', respectively. Analysis of the biofilm equivalent
electron transfer flux showed that denitrification could more strongly capture electron donor (H,) than BrO; or
ClO; reduction. The results of analysis of reduction orders revealed that the sensitivity of BrO; and ClO;
reduction to influent flow rate was stronger than that to hydrogen pressure. In order to achieve a higher removal
of pollutants, the influent flow rate and competitive inhibition of nitrate in water needs to be properly controlled.
Keywords hydrogen-based membrane biofilm reactor; bromate; perchlorate; hydrogen pressure; influent
flow rate
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