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1.1.1 EEfERE. oMRETRME el MiER MEKERHEEY.

1.1.2 RF#: UASB R ARMEH R, AR 28mm, K 1000mm, REBKEES
PE#EKD AR, LBER B A= EE, ERAREE, Eﬁh‘é A% 100mm, &
200mm. & KMNFHLEIOCEETER.

1.1.3 BFE(YL): B MERELERE 1.0; EEE 0.1; K,HPO0.1;
NH{HOO;0.35N2,C0q0.8; BB o R, BRMKHNEFREDEESEY 2.0 HR
HE,

1.2 Hi&k

1.2.1 ¥ EER CODMME. RRAREERRMEMNE,

1.2.2 HEABTEE VSS(Volatile suspended solid): RAFHEEERE1,

1.2.3 SRR SVI(Sludge volomn index): Pl 1g FEHTERE 30min B H TR
fﬁlﬁﬁiﬂ?ﬂ[mo

1.2.4 MEEWE. £H JEOL.JSM-350F Rl T B MEHTHR F MMM E#ELE
FBOR 8. U BE S R,

1.2.5 4LEFMAR. K TN~ 5500X §HEREIE,

2 # XAt

1.2 FRXRHSEYRE LKA

BSR4 IR A R R KBTI K b B, SRR ER, R AW
BRAAERT RN ERP SN EMLRE, Tl WSRY S KBNS BER
B13%—4%, 7 UASB KEFP X AEGRSTERCLE, RESEMNBRS
BOEEBERRE, £EEETT 30-40d 205, KRV BHRABRALIS,

Dubourguier H. CHV 88 $iRU S 3156 T A 2 REE RN E SR N T FROBERLAL,
FA A H e DU IS YR S B RS IR T B R BORHEAT R E AR, R BUEBR 305> %
AMFEEELCF EAMENR TRAREESE HER KRS REURTEOR
BRI Y E(E 3b), TRFVEASEPMAEMR RGN, THRLRE N HERIF
FRERBRLHXREAL,
2.2 FEAREHBRENEERNERES

RS IR E MRS 35 5 (REME Ao — BRI RE D, pHS . §) b 3E 38, #8504 FAFENS
BME S, BBV RS, RIS 240 SR L OB, B 3d IS, KPR,
Heb LB Y B ARG B, R EERE N 9% 10° N/ ml, B M IKERIL
W. HHE, BEYIRTARESR, — P AGHENRE, MAeWRBERB ML Y E
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KERETH, REEH, SHREFRMERIENRY, 528N 1.5/LATH
0.5g/L B BRI iE e AP 1 3F, BFh 5o /5, R R ABERMEHERREY, FiEM, L
TEHPE B 6 X 10 A /ml, WIIEFRETRYEE(ZMM3.0¢/L, TH 1.0g/
L), 3558 14d, A R M SR HEAR .

A (L B R e, FTYESRTE Y pH M (pHS.0-8.5) PR Y. MILE S RE
Ry, XA R SR AL A WA £ 0 S B R (ECP) H K. P ENER RIS
R A SR Bk B — AR R R R, F RN R ER S BB R, 7
WEF REEGCEERBZABEA, TERS BEGEN, AW 4 208 #—
5 GIREFPRRRLREEMIEH T RER. EXERASFT, RAEF PR
BERMEREANASR, X THSEMNE R RFE2REROHARREERE
EREY, FRUETFEEENEED, EFERREREEBRVNNS, MEDE
Eikp e FERETRAESER.

2.3 FEHHRADHLHBREOESR

TEHIR B HE R IS R RS T, B8 7 AR s 7 SO BOR L R R e
[ 12 % UASB B8, B W 5 S k| Lifish, BRZEKRHmHER. H1b
S xRS B 6 TR BB LAY 58, MR NS TR E R E AL, LA 0 8o A A RE.
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g R, &1 PER 1 S5EEREHERGERSREE SR . £82 18K
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527 88+, 15 IR 3SR AT B B 40, R DIE AR AR, OB M TR R iy BkigiR.
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Fig.1 Different flow model in bicreactors
(a)UIASB reactor, (b)Ne-sirring reactor
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5 B A R L B 1
2.4 TEHEREE TRt

# UASB RS SRS, MRS HiEEE B (E 1). KA R LT E
KETH 3 A0, ik B AN BB B (E 2), EXRTREBIEER
W, WM B LY S~12d. RSISIRKEMEBA, bt b B EFLEt RIBR AT, IV 28
RAKNBREGRL(H 22), ZR 4P, BT 7-8d EHRKRISREN N ENEY
65%, MM B Z G, SIEREHHEN. ET1d R, BREFEAEARRNEZ 0.1~
1.0mm RIURL, 758 LIS 3848 0. 01364 ' SILFEET, ISiE S VSS & B¢ iH B84 i (E
2b). VSSEGETHERKENRITR, RUBHAKMEDB B EFHN N, HAEBR
AWy FEE MK, KR Rl 8 (B 20)3247 30d 5, R 4 R B PISRE
WIEE AR, VSS 1 vSI b T iaE, FNBPRISIE DA BB,
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Fig.2 Variable curves during sludge granulation
(a)Height of sludge bed {bYVSES {c) VSIi
O . Bl Experiment No. 1, &[] Experimental No. 4
. H Experiment No. 5

F1 % UASB BEfTEH4HSEEE (L #IE

Table 1 Operation conditions in different experiments and the granulation process of active sludge

Experiment No. 1 2 3 4 5
Sludge load/g{COD-(4.1.) 7! 4 .30~8.60 6.45-12.90 9.46~18.9 12.9--25.8 32.2-64.4
Linear flow ratefecm h ™’ 6.77 12.40 15.00 20.84 50.940
Resident time/h 14.8 10.0 6.7 5.0 1.2
* Sludge granute forming time/d 2730 25~30 15~20 1215 1213
* % Sludge granvic mature time/d >50 45~ 50 35~ 45 n - 35 3015

* ; Defined as the running days when the granulated sludge with diameter of 0. 2mm or bigger is morc?&ﬂ)ut 25% ~30% of
the wotal volume of sludge.
» o+ Definde as the rumung days when the granulated sludge with disnweier of . % = 3. Owm is about 7%~ R0%, of the -
tal volume of sludge.
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B2, K5t g5 R — R, X TR SRR EE, SR AN ME X,
T S MERALBREE T 25d 215 38 4 B8, BHRET 4, i TR AR S
BE R B R AL, 34 O BRI RY5 B RE R IR AK

FER R 8 g T BT, SRR RES BB AER, SRR LE"
SRS BRSNS TR, RE 1 ME, EATHAET, USAB KN B
SRAREE B, HPER 3.4 M S WERIL LR EE, S REAALF AR 154 %
o MEFTSOd EMELLN USABIHRETHE . TR IM4GRBERBRERS, 4 ET
HEEREE HEKT 1.0mm MERESSL ABREARN 70% U L TR 1 RNERE
FALEREN, BN 0.5~1.0mn YL, XF 1.0mm WERETRE 20%, MHGE
PN & B 1/3 ERAERSR. |

THFW, GHREENTERESBHBRAER KK, 25855560 5ENE
BT EREMHE. EANEARARERE PR S RRRAREY. SEAH LAY
MBE L EERE, AM N, BRI MK E B, E AWK, A TR ER
MBS T BRE, AR SHENEARL, BILERT CERL SRR EEMEYE
Yo FEHEEMETRFTAQ6g(CODY/d- L HMATET, ¥ A4 E 6 # ik i inE
i AR B RIS TR BR Y £5% , 7T D0 USAB i ¥ 5 BBy BB b B, RAEM SR
£ 20cm/ he
2.5 BRSNS HRALF BB S M EL

MEMETNROBIEA Y RSN EE, B 32 R E,
KN 5~ 50pm, TEAR T —, F @ o] B E MM, MMBIBE R A, R B DA BE
MR OWIT, A ORI EER S R T RE N, KB £ 2L+ RFEHHER,
WS KL 8 % (18 3b), W 365 RS TT W AR A P R B R R A B R (1
3¢). TEWIRLIS AT R, AMANFEIEELY 0.5~ 1.0um, BUAEMB ZW A AR S, MBS
B3GR R 14 3 T 17 IR B, % PR SR BRI b 75 1 2 HO S B 00 R ok 4 A1),
7o 0R: 7 38, M BE LK, 24 1~ Sem(IE 3d),

2 BERBEMLEBAR(FFEIE)
Table 2 Chemical compesition of the surface layer of sludge (atom proposition)

Si P S K Ca Fe
Studge before granutacion 16.59 45.37 21.66 5.07 7.16 4.15
Granule 1 0 79.40 9.13 Q0 © o 6.43 5.04
Granule 2 0 67.57 12.32 2.33 2.63 8.04

H TNSS00 GRS X arHrpiis R £ AL EHAR., THWHER(E DX, SEE
HEBRP FTHFREAT NafI AT ES Si.P.S.K.Ca fl Fe, MRk aTM I ERK
FEARKESI.CGH K £F. EBRGRRSENH, BT TR ENARELE S, S
MMER AR, M PCESREENM. BHAiiE.S.Cafl Fe 3 REHFHBTE,
2.6 3LBNTREBRNEANE

BT R LB RS E eSS L KR, EmMEERE. M
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Fig.3 Electral microscope observation of the micros fructure an the outer and inner surface of the ac-

tive sludge
(a)Sludge with the form of subcore, (b)Ouser surface of granulated sludge, (c) Chuter surface of granulated

sludge, (d)Inaer surface of granulated sludge.
AR EMTERE AL, LSRR 2 B, ALl UASE 5 R8RS B sl e &
i B

UASB [ N #8 PiE eI IR AL S B Al 4r 4 4 BB SR B il B R
PGB B WAL IR By BRI OB RO B, U e e e dh B IR, Wl i
2R EEFEDHAWFEE RS S S B LY. SRS IEER, A8 T
WHEAA MR RER . £ —I0 UASB RSB EE LB IET0 g A, S
PP WL LR B U, R AR A B TR L B AV R T SRR
TR AR HAES PR LM REEN RS, MESEERENTR F e
[RIBEANR, KRB 14 3h 8 45 38 A5 0 3t P 8 i 8 1146 B i 1R 5 78 19 B 4%
BESE, BT, EHEATT SMEEY AN LSRRI TR, TR T
EMEDBHATEREN RIS, SRCEWER, JUHE RS IS H T8, BT
PR AU G . W B B B B R TR R R 46 k0, Bk b VSS A R WY
o WAZHBICE AR TR AR A, FERT ILBR (LA RUIR 7, 39 b il o e v 42

© PEMZERHEMARMATIKSHET htto://journals. im. ac

cr

1



g2 £ ®H I B = i 13 %

HERREEIEC, 27— BT, VSS HFH 3 B 2%, IR B VLR E AR R R
W, K- PORBIAR4Y 0.5~ 3. O, 2% B AL 25024

SRS ET, TEEAN BN TSR BREXBENE., Rt ELHE
MRS ROEN TR, UASB B5H, RE HIABREBRUERSRENRK
EEEAR, FRERE RS ERNEE LF, B TZAE R B SEe
RIEFEEMIER T REE. REREE ARG REREN RISRE, SERRTHE
iSRRI/, BB EMB R R E. ERLR&ET, BN SEREN KT
6.7cm/h. UASB RV TERACCHS BEH B MR E R E. FH RH AR, &
B 75 IR A, IRIEN S KM S SRR R &S mar,
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Engineering Factors Affecting the Formation of
Granular Siudge in UASB Reactor

Guo Yanghao Meng Chun Shi Xianai Qi Hongchan Wu Ling  Cheng Jianfung
{ Fuzhou University Department uf Biotechnology, Fuzhon 350002}

Abstract The influence of different inoculum sludges involving different microbial populations, dif-
ferent flow models of stream in a bioreactor and different flow rates on the formation of granular
sludge were studied. In the granulation process there were four periods: formation of microbial flocs,
formation of subcore, growth of subcore and mature of granules. The production of microflocs could
be attributed to acid-forming bacteria. The dynamic transfer caused by moving phases and the hy-
draulic shear effect are the most important factors affecting the formation of subcore. A new concept,
fowest limitted {low rate was proposed, that is the lowest flow rate to form the expanded sludge bed.
A sufficient feed rate (higher than the lowest flow rate), an approprizte sludge charge and an equal
disiribution of feed as well as a suitable alkality in medium are the main factors for the scale-up and
process control of UASB.

Key words UJASB reactor, granulation of active sludge, dynamic transfer of liquid, lowest flow rate
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