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STUDIES ON ANAEROBIC SLUDGE GRANULATION
AND SCALE UP OF UASB REACTORS

ABSTRACT

Granulation of anaerobic sludge and scale up of UASB
reactors “in the field of anaerobic wastewater treatment
technology have become a worldwide research focus. In this
thesis,  Lhe granulation of anaerobic sludge were studied as a
function of cell concentration and cell distribution in UASB
reactors, as well as the mass transfer resistance within the
gyranules. The conditions required for sludge granulation were
discussed based on the chemical composition , distribution of
cells in the granules, and granulation process analysis. Also, in
this thesis, the influent distribution system, the separation
wodel, and the efficiency of the three-phase separator (1503
pilot scale UASB reactor) were investigated . A process Kkinetic
model and- design method of UASB reactors were obtained from the
fluid flow pattern, sludge distribution and biochemical reaction
model. A

The following conclusions are derived from the experimental
results: (1)Granular anaerobic sludge have good settle-ability,
stability and adaptability. Sludge granulation process shorten
the distance between syntrophic bacteria cells, so that interspe-
cies exchange rate (for example: interspecies hydrogen transfer)
become faster. On the other hand, the internal mass transfer
resistance in full scale reactors become negligible with the
complex micro-enviroment of the granules. (2)FeS and ECP in

granules play a role in stabilizing granule stracture to some



deyree. The mechanism of anaerobic sludge granulation consists of
two aspects: nucleation and actural granule growth (maturation).
It is also observed that M.sarcina and M.thrix are dominant bact-
eria within the nuclei, while non-methanogenic bacteria play an
important part in the granule maturation process. (3)The type
multi-inlet distribution system is adjustable to cover different
cross arcas. One inlet is able to distribute over 3.8s of the
bottom surface . The function of the separator depends on the
biaffles, two recirculation stream, and settling compartments. The
efficiency . of the separator reach 95% with different organic
load. In a UASB reactor for treating alchol distilleries’ wastew-
ater, COD removal rate reachs 86.3% when the organic load and HRT
are at 22.5 kgCOD/w-day and 1.04 day respecively.  Under the
same cbndilion, COD removal rate reachs 95%, and COD of the effl-
uent is only about 1000ppm when two UASB reactors in series is
uscd. (4)The fluid flow pattern of the entire UASB reactor can be
described as a combination of CSTRs for sludge bed and sludge
blanket, CSTRs-in-series for settling compartment, dead space,
bypassing flow, and backmixing flow. Sludge distribution in the
reactor indicate that the sludge concentration in the bed is
almost constant, and the ratio of the sludge concentration in the
bed and blanket has a linear relation with the inverse of the gas
volume at the top of the sludge bed. Biochemical reaction model
is the same in the bed and blanket, but the parameters of the
model are different.

The experimental results of these studies have both partical

and theoretical value in development of UASB technology. This



includes the cultivation and control of the granular sludge,

design and scale up of UASB reactors.

Key words: UASB reactor; Granular anaerobic sludge;
Significance and condition of granulation;

Stracture and design of reactor; Model.
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tic Tank) ,
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190448, ¥.0.Travis ¢t "Septic Tank", #f Bk Bif B4 B K
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(HRT) ﬁﬁfrﬁfﬂﬁf\ﬁfim%, HPATERE R KRR, MR,

Pol.2 5 —{RUR B K kb 1 R B 8%
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Inf. Inf. Inf. Eff.
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iy T fEUASB I B 2% op BB 45 3% 3% 13 21 — Fb R 95 (R R UT R 12 SR 0 3 bL 7™ R O
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KEIEMIEZEAT.

%1 2 5% T {CAWNT i 5L 8% # PL 7 75 A0k oh 776 EE & (13)

\ulxﬁillﬂ’]ﬁﬂwiﬁ | UASB (WU 15 ) > FB> AAREBSUAS (£ 14 15 U2 ) >AF=DSFF

Bz A ] ik B EY K h s | DSFF>FB>AAFEB>UASB(!ﬁ*ﬁrsdﬂ)>AF>UASB(§£1kr5#§)

L2 RE IR R B R E D ¥
L.2.1 RELEMREDF IR

ANPEALZBTRRNIER - EN TN G T M ED Rk EEE
HEPLZ, REDZEE, REIBEFEHBREREAMHRERYI(14), T
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WHHRANDREROEE, IMEEFEXER:

1. /K% E# (hydrolytic bacteria): KRB WWEE,. EARKR. M
EMREFIDBEFIE. LOZKE;
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2" ZBiidi) TS (hydrogen-consuming bacteria, &0 H %) Z [l @3t
XA, X RARRET RN LR (20),
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AG®
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species Hydrogen Transfer) (22), Hk, B THERERSEAEIFET 2 K
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WG R L R b, TR 0 AT P A B AL , T DR COR T B A o
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Fidi B tfgr B mtsoe (1) .

T T T T T T T
I
Y72 CHyCH 0N + J, 1,0 = V2CH COOM + H,
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4 |
kcal
2 Ihonyen,coon s 00 =
hycHycoon +Yyco, + 1,
0 \

’
REGION FOR PROPIONATE REGION FOR ETHANOL
10 ME THANE TO METHANE
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#1-3 FRREMOHY

I. (Kif4y: Clly, C02;

2. AJRVeH % : Ha/C02, HEE, HE, FhE, Z8;

3. LTI A fK: -330E(R;

4, SEESTSRBVEE T BAESM, $AEEF420, WAEEF430, F342HF, CDREF,BA 4,
J& B V5 AT T B T 5

5. 165 rRNAS MBI F B EP X RiRiE;

6. tRNARI KB S RBFEAE D AE;

T, HIK%EE D - KRR, IR E;

2. KiE: AZBABEL, AFHEEMBRANMEN. BREMN;

1

1
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0. i EBBItIER: LAMEENR;
1. COz (B3 9 48 Bl B 3R 6 3& 12 1iF K B 5E o

F1-5 BARE iR R
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2. P : 4CH30H ————— — 3CHg + HCO5 + HY +H,0 -314
3. Ha-C0s 4Ha + HY +HCO5 — CHy + 3H,0 -135.6
4. Be¥: 4CHsNHs+ 3H,0 —— 3cn4+ﬂco;'+4NH;j+H* -225
2(CHz )2 NHy +3H20 — 3CH4+HCO3 +2NH, +H* -220
4(CHz); NHg +9H20 — 9CH4+3HCOs +4NHS +3H*  -669
5. EM: 4HCOOH + Ha0 ———> CH4+ 3HCOs + 3H* -130
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b soehmgeniifk=2day ,Ks=20-40mg/1, H1-34
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HFWE ke, RAEFLEBRRPHABIEDRANAFIHABSRILER
BERtERENES. TREEEESRET - IMTARANNREXRARE
ZHEPR, ERTRRETHRANSHAN, EREBHLELBRET 1K
W e o ok, R E BB AUASBR B 5% 1£ 7 = Vageningenfk dk X %
W BOFFFREIEAT (26) o MERAVIRENERFARKGR, 58 KEE15kg

9



