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(57) Abstract: A zero-valent iron two-phase anaerobic reactor comprises a cylindrical anaerobic hydrolysis-acidification reactor (1),
a water input pump (2), an adjusting tank (4), a circulating pump (5) and an anaerobic methane-producing reactor (6). A lower part
of the anaerobic hydrolysis-acidification reactor (1) is connected to the water input pump (2) through a water input pipe. A water
output pipe on an upper part of the anaerobic hydrolysis-acidification reactor (1) is connected to the adjusting tank (4). The circulat -
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has a simple and reasonable structure and good working performance, so the defect that the anaerobic reactor is difficult to be started
and easy to be acidized is overcome, and the acid-producing capability and methane-producing capability are remarkably improved
compared with those of a reactor of the same kind.

&0



WO 2012/100550 A1 WA 00 TN 0 00 O A O

SD, SL, SZ, TZ, UG, ZM, ZW), FX V. (AM, AZ, BY, R34 4.17 FFEEH:

KG, KZ, MD, RU, TJ, TM), KKl (AL, AT, BE, BG, _ %5 J & 417
CH, CY, CZ, DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, RIINGERE A 4.17(v))
IE, IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, AEFRATF:

RO, RS, SE, SL SK, SM, TR), OAPI (BF, BJ, CF, CG, __ T S B g 8 1 2
CL CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, AR R CRAIE 21 %G
TG)s

67 WE:

— RN R PR RAR Y &, B I R B R IR IR AL SR Mg (1) BEAER (). T4 TR RSFRA
77 HUBE Y 25(6), IREKAERR AL S 2% (DY T BRERLE ACE B 5 KR ()R, REARIAL SN 35D L
F8 KB S AT (R, DRFRER(S) M Tt () AOVS A BE AR T RN 22 R ™ UG S8R (6), TR
FUKBRRAL R AR P VR 2~4 DR RIEARIR ). RS ARG, TR, il TR
FUSINAR I S WS TR AL BR R, ™ BRBE T Ko R RE DA S i S 37t



WO 2012/100550 PCT/CN2011/079911
1

A

— PR R R A%

BRIk

AW B MR KA B, R A — Fh A 2k P AR PR AR N 4 o
BEREA

T Hi2h . RSV 2 TOATI A BRI . i BEME BRI K, 1X 2R
PROKEN G e A2, 28 AEMEY, BRG] EA
YNE/NY 95 TR N 7 S S /) O S A R T 15

PRARTG /K AL BE T2 T ANZH AR 2T, AR B R B R /K I A 3
WA AR KO R, REFE/D . FAEEASE. RE T 2MAEM
Fur aliE I+ JLELT kg COD/Mm’d, 22— MirE T AN HEL b, A &
WIEANE KIS B T E2—.

{HIRE LA EBRs T R 2 2 2R T40, ™ H 5 K AL B R . 16
BOX S5 FE RS, KM R RE ok SRR IR
NP SR . 7 A R S e, HAZENERIRIER AN pH {E. WAL
VIR WK o FEIE IS AT IR A N 48 N, BL BB B e de s FM A RS 1 3
Ay . — H AR RAEA, W e BN 6 Ak B, 45 R S 8Ua HL
FRIVEE, JRRE— A= W i AR K F, B2 S BN AL L R A
IRITJEV L, 7 e AT /K AL BEA WL = B2 s At . — By et B2
BH, V57K AL ERRR AR T B

H T B RIS KA BRI A e ME, AR R AR . H AT, AR
S INE KBRS A S NEAS TR BB s 7 R pH o IX SRR T8 I E i
RPN, AN 2 R Bt K A R BB 2 vy T AR A, K JESE N
BT PR AL BE R G ™ B A . Rk, RS pH B, [RIRENY 2% e e She Jy T
My RAA™ B e B 1 3 00 R AR IR

T ERAE N — BN BRBE AU IRE SR, A SR AP AR Vs Ya g ] Sk 52 2]
W It Ul FMERAEGAA R N KA, AT DL AR A )
AL 3T R B SR AT, ARE e i HOAREE, T IR A L



WO 2012/100550 PCT/CN2011/079911
2

. HAT, $&RIX— BRI BBt sl (PRB) L& fEHh T /KA
TG RE R PG BN . TERR KA BER T T, SRR ) B A AR AL
BRITRARBE, H R 3 R K B mT A AP o FRATTHE TR 195 524 200910012293 .4
)RR RIS KA BTV H, R E T IR R N AT, g
BB R B T, Al R AT S Ve AR 2, BFAIK Zeta WA,  INdyS5 ik
ORI R HERE o Bk Ah,  Z2A0 2R 0T 40 38 BRI DR S R s A TR A A s HL AT
DR, A BT PRAMAE I A

GITRAEEAT — B S, TR RIS, FEN IR AT e s
R Sy J7 T, PRAAKIRRR AT VE A G B IR, SEIRAL 1)
P25 P I B 5 4 el B B SR, 7= H e iR LR 1)
MR S, 1T BREERE ™ e A PR o 1 S V25 1K) pH A48 i FRLA
P SE SR KR R A LR . AR, TR IR NN, &S
P HE IR PR BT R DG T K AR BR AR AT, R JC v s T 1A ) T FE AL IR )
FM R, TR R T SR IRAL = ) T R A AL BE MR A B

WA PIAH IR AL ER T2, RS H bR 2w e B R, 62 410
K AR A R 42 1A 8 1
KHAE

KT v IRIATER TP AZAE R R, A B IR H R A2 4 R Bk ] DA iy ™
HE B ST W] 7K AR R A ok A A T A R 4 () 2N 2k s A T DA A X
e

ARBIR IEARTT A — PN AR DR S i 2, B FR IR R B R IR
SUKARIRA R A% . HEKSE . TR PR GEFN DA ™ B e e s, s (1) IR
SFUKMRIRAL S N A% 1R Sl ek R KA 18 S K A 088, IREAUKARTR AL [ N 45 11
A KA E S R, DA 2 PR T Y e o K v K R KR TE RN &
DRAE)™ HVBE SN2 s AE BT IR 1R DRAEK IR AL S N s 1) 3 i B 2~4 D FkIE
R

AR T I (1) Z A 2R 70 2 TR B IR A A T DR A KR IR AL s B 28 3 =i B2 H
1) 172 4k, MR IE 78 2 1R e 55k DRAR/K SRR A S N s A7 3% X HL ) 10%~15%
TR A 2 I JEAROR PR e B 0 fL s 7e AN R 70 2 Hh AT 2/3 | RN
IRZR IR IN R



WO 2012/100550 PCT/CN2011/079911
3

LA BARMEL, AR AT L AT 80k -

Lo H AR R A R B A AN 7 e el R 0 9 2 A ER R 0 DRSS B i v 3dE
17, BIPAHIRAE L 2. HAR T HEAHARA LZ, ARG ETMERE T K
fRIRACBL, AU o ML K R R SR BE T, SR BERA L M AR e
PERCT KR B T 45 B R TR T LR, A 156 7 e 1 = 2B
YEHTHI N IR K8, AT SR K i R AL T R A TR s S e IR I, el O 12
PER pH UGERE T 2Bk o O, TR BRI A0 Ak 8 1 B Y K BE AN IR Wb
S5 IV I A B 5 T B UG TG P, T B ey A IR A B 8 I A
M AL PRRE

2+ AL IR UK BRAL S N g 1) R A B B R, O KBEA RS H
BB Nag s IXANE PRAE N s 5 AR B AR A ] B8 0, 2 rT B L R
YERT: 1 A Bt s i KUK IR D B BV B RE T 20 JKIRAL
MR Ak A RN e 2t SR KA, AT SEBUR K iR AL I RE R I 422 3D 774
IR BE Dot TR AHE s 4) WA A BRBE A PR F e e I A i g sk
INEL R STY: 11 1E 55 SRR BELY b A P IR RS RV IR /L (S E - AR G EEIRTE S ) P

3. ARRIHENL FKMFIRAC B N as K h B s 2~4 DEMEIETE )R, T
YeAT AL T DR AR IR AL I D AT WL B AR RE D, TF0LE B T4UR BU™ W i
BT T IR BT R, S DU K A R A S R B TR S s KA IR A it /A L
N E N B 5 B PR B S Y as o 1 AT PR A8 S B s i by i ARG B, AR
VERELS, Sol T PRAEO N 4% A 8l N HE By IR AL IR G Ber, 28 AN kAL A K A IR
PR B R T ERAE™ F e BN AT AL (0 23 B 5, A PR AE™ H e S I A A de
17, Pl RETI5m, ARG RGN S B R Be DAL RIS Z L e g T
BT
B P i B

AR IAT I 3 5Kk, T

B 1o A F A ks AR R U S A R s T

P 2 JE R A e 0 /K R sl Beadt « KA 27 5 S L (COD) A AL 4 L i
2K

3 2 R B AT IR K A BB B K SRR AR A Lt 26 P

B 1. JREUKIRIRAL S Nids, 2. JEKIE, 3. FMEHERZ, 4. 1T



WO 2012/100550 PCT/CN2011/079911
4

M, 5. TR, 6. IRAESSH LRV A .
BARSEHT =

MRS, A B B AN S A R IR RE— DU . W 1 B, — R AR
PRAR IR SR N, A4 R T TE IR DR A KR IR AL S Ny 1 JEKE 24 53t 4.
PEERAE 5 FUPE ™ HBE R N A 6, I IR IR SEUK AR IR AL S i 2 1117 i 3 13k K
BB MRS 2 B8, IREKIFIRAL S N#S 11K EJEH KA E 5 W 4 %8,
TEIRTE S MK 4 RS KB L HEK B I SN 2 R4 e S N e 65 HUAS
MEAET: AEFTIR IR AR R IRAL S s 1 I h s 2~4 NEMRIERZ 3.
PRI BN a2 3 AR T DK R IR AL R Nids | A3 S H 1K 12
b, TR AE 3 1 B IRAEUK AR IR AL SN 1 A3 3% e B H W) 10%~15%»
T ERIH A 3 IR AR R BE F e A3 AL s AE T EIA R 2 3 P 3eify 2/3 =)
I RIR A AL

B 1 BT IIREUK IR A R DA 1 e R A WL IR, JEN RN
10cm, =24 25cm, ARIHFUL 1.8L. 75 REKMFIRAL SOV 88 1 s 2 ik
W R 3o VgKIEE KA 2 St KA TE HE N DA KR IR AL S iy 1, J&d %
MEIAR)Z 3o HKIENR T 4 JFIEIEIAIE 5 FTN R Fhe ) v as 6, I
W42 4 10cm, 5 100cm, 138K 7.5L.

AR TAE LR G R V57K a REEKEE 2 BENIREUK AR IRAL SV 258 1
IR, RV /K LT RE R S5y P ARk 78 e, G B MR A2 3
A H K TN 4, J5 DK AR IR AL S i 1l R4 5 3E R H
PRV 2 6.

CEA R WAL B A B B PR K RS G0 UL P 2 F R 3 1 2 (PR AR AR R Y
WA EIBAT IR EL, YR COD ;b Fidcth & 7l 2tk . F 4 iksmit
DA N4 K R IR AL BE H K (1) COD A S e B H 7K COD B, A3 38 P AH IR
SR N AR KRR A B H 7KK COD B A ™ I BEBEHIZK COD {H. &l 3 Hh ¥ A4 Bk
H AR FEIBIBAT IR EL, PR LR L 4 Hh &k oy ) e B Bt
DRAR S5 8 25 7K A TR A B HH 7K TR SRR AL B 3H7 30 9 FH DR 3 e o s 7K A R A Bt HH 7K )
CRAH - HHEE 2-3 0] H U A P AH DR SR B A TR 7K AR IR A B S = R e B )
COD e 34 vy T35 30 W AH DR AR DA IR AH I 543, AT 20 2k oAk A AH IR
SR 2R TR K AR IR AL BE 7™ LTt W Ak sy T35 A A DR A s N s 7K R IR A Bt



WO 2012/100550 PCT/CN2011/079911
5

oA B K B

1. — PN ERPIAR IR R N, ELFE IR A B 1 DR AR R IR AL R Mg (1)
HEKHE (). WA (4. MEIRE (5 FREH L Nt (6), FTRIFIRA
KRR R A (1D B i KETE SRR (20 5%, IREUKIRIRL
RNVAE (1) B LA KEE S A (4) R, BHE (5 NP (4
R KB I BE K TE RO\ R IR R R NS (605 HARRIEAE T FEPTd )
IREUKIRIRAL N4 (1) R ERE 2~4 N EMEERZ (3D,

2. HIHRRCRESR 1 PRI —Fh 2N AR IR R N, AR IEAE T ik
MZEMBIATIE (3D HIBARAL T IRAEVKMRIR AL S N gs (1) 3% & H I 1/2
Ib, FERIHA S (3) s e N IREUK AR IR R V2% (1) R B H 1) 10%~
15%, FMYIATRIZ (3) WRHRI R LA il EFEMPIERZ (3) ke
AT 2/3 w5 BRI N ARRDIR A KL



WO 2012/100550

A B W B

PCT/CN2011/079911

™~

00000000




WO 2012/100550
2/2
3000 ®—g—8 — 8 -
—a— 3 KC0D
—o— TR R HI PR R S 2% K AR 4k B 7K CoD
2500 o —h— TSR B AR RS S A8 P B 7K COD
—w— AR RAEUR 28 K R ER AL B K Con
— o L AR R 587 R B Hi 7K COD
20004 ¥—, v
—~ \ v Vv A 4 v v
< C—
=3} T — o .
£ 1500 T—e )
Q
3
R R — S
J - A\F\F\’\Q———’
500 - k\k\._‘._a—a
Ix
0 1 ¥ v 1 v I ¥ ¥
] 10 20 .30 40
17 B E (R
& 2
1000 —m— BRI RE R N A K AR AL B K Z B8
‘ —A— 55E PR LR SR R B B i K Z B
J - L]
000 . /
o
)
£
g 800-
B -,
% /
rﬂ 700 - /
T ———
600 ] L] v 1 H

PCT/CN2011/079911

r T T
10 20 30 40

- iZ 47 i |CRD

& 3

Bl (4INE265)



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2011/079911

A. CLASSIFICATION OF SUBJECT MATTER

CO2F 3/28 (2006.01) 1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: CO2F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

IEPODOC, WPI, CNKI, CNPAT, ZERO W VALENCE W IRON, ZERO W VALENT W IRON, ZERO S IRON,

ANAEROBIC W REACTOR
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
PX CN102120675 A (UNIV DALIAN TECHNOLOGY) 13 Jul. 2011(13.07.2011) claims 1-2 1-2
Y CN1583599 A (WUHAN CHEM IND COLLEGE) 23 Feb. 2005(23.02.2005) description, page 1, count 1-2
down line 5 to page 2, line 12, figure 1
Y CN101591064 A (UNIV DALIAN TECHNOLOGY) 02 Dec. 2009(02.12.2009) claims 1-3, description, 1-2
page 5, lines 7-14, figures 1, 2
A CN1785839 A (UNIV FUDAN) 14 Jun. 2006(14.06.2006) the whole document 1-2
A CN101054226 A (BEITING ENVIRONMENT PROTECTION SCI INST) 17 Oct. 2007(17.10.2007) the 1-2
whole document
A W02009042228 A1 (VERUTEK TECHNOLOGIES INC) 02 Apr. 2009(02.04.2009) the whole document 1-2
A US2004133059 Al (SCALZIM et al.) 08 Jul. 2004(08.07.2004) the whole document 1-2

[ Further documents are listed in the continuation of Box C.

X See patent family annex.

* Special categories of cited documents:
“A” document defining the general state of the art which is not

considered to be of particular relevance

“E” earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or
other means

“P” document published prior to the international filing date

but later than the priority date claimed

“T” later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

“X” document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to involve
an inventive step when the document is taken alone

“Y” document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious to a person

skilled in the art

“& "document member of the same patent family

Date of the actual completion of the international search

08 Dec. 2011(08.12.2011)

Date of mailing of the international search report

29 Dec. 2011(29.12.2011)

IName and mailing address of the ISA

State Intellectual Property Office of the P. R. China
No. 6, Xitucheng Road, Jimenqgiao

Haidian District, Beijing 100088, China

[Facsimile No. (86-10)62019451

Authorized officer
HAN, Bingbing
Telephone No. (86-10) 62085356

Form PCT/ISA /210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2011/079911

Patent Documents referred

in the Report Publication Date Patent Family Publication Date

CN102120675 A 13.07.2011 none

CN1583599 A 23.02.2005 CN1270985 C 23.08.2006

CN101591064 A 02.12.2009 CN101591064 B 09.02.2011
CN1785839 A 14.06.2006 none

CN101054226 A 17.10.2007 CN100506714 C 01.07.2009

Ww02009042228 Al 02.04.2009 CA2700772 Al 02.04 2009

AU2008305543 Al 02.04.2009

EP2203262 Al 07.07.2010

US2010232883 Al 16.09.2010

US7963720 B2 21.06.2011

US2004133059 Al 08.07.2004 US7129388 B2 31.10.2006

US2006223162 Al 05.10.2006

US7531709 B2 12.05.2009

Form PCT/ISA /210 (patent family annex) (July 2009)




E Rt RIR &

b HiE S
PCT/CN2011/079911

A, EERYHE

CO2F 3/28 (2006.01) i
2 B BB A 5y FRAPC) B[R] 14 8 B A ) FE A0 TPC FFE o 58

B. 2% W

T BRI AR R BESCRR (bR B P SRR AN 702K 5)
IPC: CO2F

BB AR 2R U ) ke I PR SR LA S £ 20 SRk

75 [ BrAs 28 i 2 1) ) L7 8500 JE AR E R 2 0k, P AR 28R CoffE D )
EPODOC, WPI, CNKI, CNPAT, JUZEM T K27, ki, x8sC, %, SJBF, R, B8R, RE MV,
FMER, KR, B BT, R R NSE, ZERO W VALENCE W IRON, ZERO W VALENT W IRON, ZERO S

IRON, ANAEROBIC W REACTOR

C. XK
e SUHSCHE, BN, JRUIHRBOR FHIR BBUR 25K

PX CN102120675 A (JOERE T A%) 13.7 H 2011(13.07.2011) ARk 1-2 12

v CN1583599 A (EILH T3 5%) 23.2 H 2005(23.02.2005) BHIV5 1 506815 |
BSATEE 2 TR 1247 A 1

v CN101591064 A (JUEH LK) 02.12 7 2009(02.12.2009) BAZK 13, | | 5
V58 5 T3 7-14 1T RIE 1 1 2
CN1785839 A (. HK%) 14.6 7 2006(14.06.2006) 43¢ 12
CN101054226 A (IE3R A3 BRAP AL BEFTRE) 17.10 J 2007(17.10.2007) |
Eca'a

A W02009042228 Al (VERUTEK TECHNOLOGIES INC %) 02.4 H 12
2009(02.04.2009) 43¢

A US2004133059 Al (SCALZIM %5) 08.7 H 2004(08.07.2004) 43¢ 12

O fogsrpige C R2poasb s,

X LR

* 5 SO R AR Y.

“A7 IWANRFRIFRIRTT T B BOR RS RSCiF

BT AR HE R R SR A A A

‘L7 AR SR B SR MR BRI SO, O E SR
5 RISCARR 22 AR H T 51 A ) 3 B At R 2R 2 i i 5|
RIS Can R AR B D

“O7 WAL ATT. M. RIEEIA T A TT K3

“PU AR H ST E R S REIR T TSR AR H Sk

“T ERIEHEIUER H 2, 5 RiEAHEA, Eh7T
B R B 2 R B R B A R DA

X7 AFRIASKISCH, ARG RO, AEEORIRTY
KR PRI SR ARA CEE

YU RERIARSRHISCHE, MRS R EE S RIS
B IF LI 0 T AU ER N 5204 21 5 WA »
LORGR KRB R A Bl

“& [ABRERIR A

] bcr 28 S b e G H
08.12 H 2011(08.12.2011)

Pk 28 42 7 R 2y H 1)
29.12 H 2011 (29.12.2011)

TSA/CN [ 22 FRFHE 25 Hbdik«
HhAe N PR B ] S R = AR

B LT E O RV 4% 6 5 100088
RS (86-10)62019451

ZRE

ot
pain

BHUKUK
HIEE S (86-10) 62085356

PCT/ISA/210 R (E 2 7)) (2009 ££ 7 H)




E Rt RIR &

[ i

£ AR A PCT/CN2011/079911
WA I AT & A AT
LR

CN102120675 A 13.07.2011 o

CN1583599 A 23.02.2005 CN1270985 C 23.08.2006

CN101591064 A 02.12.2009 CN101591064 B 09.02.2011
CN1785839 A 14.06.2006 T

CN101054226 A 17.10.2007 CN100506714 C 01.07.2009

W02009042228 Al 02.04.2009 CA2700772 Al 02.04.2009

AU2008305543 Al 02.04.2009

EP2203262 Al 07.07.2010

US2010232883 A1l 16.09.2010

US7963720 B2 21.06.2011

US2004133059 A1 08.07.2004 US7129388 B2 31.10.2006

US2006223162 Al 05.10.2006

US7531709 B2 12.05.2009

PCT/ISA210 R (FEHEE R (2000 4 7 B)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - claims
	Page 8 - drawings
	Page 9 - drawings
	Page 10 - wo-search-report
	Page 11 - wo-search-report
	Page 12 - wo-search-report
	Page 13 - wo-search-report

