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 OE: RAEMEK, sTHEE R T %% X A 48R (Spiral automatic circulation, SPAC)R £E K B #iEATH A HAT T
TR, SR A £ 30°C, KABEGTE(HRT)A 12 h, # 7K COD KA 8000 mg/L # £ 20 000 mg/L &4
T, RA %4 COD £MKREH 91.1%~95.7%, F3HEHRFEH 93.6%. AFH/KIKEH 20 000 mg/L, HRT &1 5.95 h 4542 £
1.57 h 49 LT, COD % M FE M 96.0% 1% % 78.7%, R K %15 5| & &5 24 f # % 306 g COD/(L - d) R AEA COD +
P& 240 g/(L - d), RGEARZAFE 131 LIL - d). ZR K B3R RE A E LR A LA RAFOIE R 4L H . #K COD KR
JE & 8000 mg/L 424 £ 20 000 mg/L B, 7K COD JRE — A A £ AKK-F (-F 355 852 mg/L), AR COD 2 Mk & fu B AR
FARES AR E 162%F 119%. Z KM ST HRT ¢4 42 0 of R4Fe9E 48 /. HRT ¥ 5.95 h 4542 £ 1.57 h i, %
JI 3 EAR COD & M & A XA A F 4719 & 191%F= 195%.
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Performance of Lab-scale SPAC Anaerobic Bioreactor with
High Loading Rate
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Abstract: The performance of a novel anaerobic bioreactor, spiral automatic circulation (SPAC) reactor, was investigated in
lab-scale. The results showed that the average COD removal efficiency was 93.6% (91.1%~95.7%), with influent concentration
increased from 8000 mg/L to 20 000 mg/L, at 30°C and hydraulic retention time (HRT) of 12 h. The removal efficiency remained at
96.0%~78.7% when HRT was shortened from 5.95 h to 1.57 h, as the influent concentration was kept constantly at 20 000 mg/L. The
highest organic loading rate (OLR), volumetric COD removal rate and volumetric biogas production of the SPAC reactor were 306
gCOD/(L-d), 240 g/(L-d) and 131 L/(L-d), respectively. When increasing influent COD concentration (from 8000 mg/L to 20 000
mg/L), the effluent COD concentration maintained at low level (852 mg/L for average) with volumetric COD removal rate increased
by 162% and volumetric biogas production increased by 119%. With reduced HRT (from 5.95 h to 1.57 h), the volumetric COD
removal rate and volumetric biogas production were increased by 191% and 195%, respectively. The SPAC reactor shows good
performances in adapting the continuous change of influent COD and HRT.
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SPAC(Spiral automatic circulation) 5z Jij % /& <
DRAEUZH H FE A A 18T B DR S S L A, RE AR 2 AR = 1
AR, ARSI RE SPAC N 2 iis 1L fE .

1 R Atr 5 ik

1.1 [EKKE
AR SR ABERLUE A, Hl b W, 2R

B, OB RGO 1), R IT R (L mL/L) H,

H 5 2 TR Hi A2~ 75 S R (COD) e 101 fid i, e i
FeFEe I, pH B HCI 8% NaOH #1515 % 6.5~7.5,

x1 EFRBHIYIREAKR

Table 1 Composition of the nutrient solution

Concentration Concentration

Compound Compound

(mg/L) (mg/L)
Yeast extract 600 MgSO, 110
Beef extract 600 KH,PO, 5000
Tryptone 1800 K,HPO, 2000
Trace nutrient
NH.CI 4000 solution | @
Trace nutrient
CaCl, 220 solution 11 2

(1) Trace nutrient solution I/g/L: EDTA 5.000, FeSO, 5.000;

(2) Trace nutrient solution Il /g/L: EDTA 15.000, H3BO, 0.014,
ZnS0O, * 7H,0 0.430, MnCl; * 4H,0 0.990, CuSO, * 5H,0 0.250,
NaMoO, * 2H,0 0.220, NiCl, 0.199, NaSeO, * 10H,0 0.210

12 IZRESRMNSE

ARIE T 0 T2 AR WA 1 iR o SPAC &L
R PIHR, B 100 cm, S X HAR 14 cm, PLiEX
HAE22cem, BAEROL, AMIA 75 L, VAN
WA WRTEMR S5 A8, P SE A S A R, 3 T U R

Journals.im.ac.cn

SAMBG, LIV, AL IE IR AR MR, KO
AR N EIAE, (ETTE TS W™ A B IR, ] 42
1R SN AT o i B0 g BB ) RN R BT BE 1 . 5 EGSB
FIC SR, SPAC KW Y fie KRR S SE I T
PR, B EE ML BRI T YRR IR, PR TR
WA, MG SR T RO g AL AL RE . W 1 FoR,
B K RS 3T A SPAC [z N #RJE &8, 1574
K, G PRAIHACATE AR, AP AL RUE =,
LWL PSR, TETETS VAR EE T AR 8] R X
A K DR R i 30 B4 s O, TR A S A
WA ES W, AR EITHTE R, e T
YRR A 30°C,

(]

1 ITZR%EE
Fig. 1 The flow diagram of the process
1: storage tank; 2: peristaltic pump; 3: SPAC reactor; 4: effluent; 5: gas
meter; 6: biogas

1.3 #EMIiSRE

ARG IR A WA B 1C RS 5 o
PER5 Je M ECR SR S e, KA 1.0~4.0 mm, UL
W3 i >k 108~160 m/h, SS 24 51.2 g/L, VSS 2 41.5 g/L,
VSS/SS i 0.81, V5i4EFE N 7.5 L,
14 MEMBSHE

COD: W& LL; ss. vss: &R pH:
pHS-9V AR FE it Hbe: Angilent GC6890N Kl i%
10, S BSDO.5 B A S A 1T

2 X5tk

21 REZFHIBHINEIT
211 RIASHIE 5

SN g B m RS R A, el COD MK N
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[E(HRT)#EHIE 12 h, &3 & itk COD ¥
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COD EBRFE KT 80% HFF£zhtH it 3 5 HRT, W
PL— e A g4t i A B ML AR . R sl e, R h
WABE LR | ARAREMER =R
WIE 2, R sk k COD 284k K £ R ILE 3,

Bt sl B R4k E, HEsK COD ¥ i 3000 mg/L
$2 7+ 8000 mg/L, OLR 1 6 g/(L - d)I K= 16
g/(L - d), COD £FRZFFELE 90%LL |, 71 COD
ZBREEH 2.4 g/(L - d)IEKZ 145 g/(L - d), HRY

SEM 2.3 LIL -y RE 8.1 LIL - d), WRIERE
FEARAS SEH S 603 mL/gCOD, ¥HA H b & it
K 73%. 547 % 12 d, OLR 153 16 g/(L - d)., #E3C
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g COD/(L - d)®, Jfg ik g S i 0 sl 52 i
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Fig. 2 Organic loading rate, volumetric COD removal rate
and volumetric gas production during start-up
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Fig. 3 Influent and effluent COD and removal efficiency
during start-up
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S liaa shoe e, fRfs HRT A, B4R Tt

HEK COD #¢J#FZ 20000 mg/L, OLR #2535 40 g
COD/(L - d), g5 RunE 4~K 9 s, hEmr, R
B K COD Wk BEAWrEE s, 7K COD Wk — EH Ak
TEBARAKF, SEHHIK COD ¢ Jy 852 mg/L; COD
LBRRMFR AT, P EBREIR 93.6% . A
B 238 025 B R0 S 0 Bl 25 FR B 7 238 1Y) 4 o T 4
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Fig. 4 Organic loading rate, volumetric COD removal rate
and volumetric gas production during substrate concentration

increase
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COD ¥ J5£ thu Bl %5 LG i 48 2 11 A 804 mg/L 3
| 4266 mg/L, COD LBR#FEM 96.1% T FEZE 74.0%,
-2k 83.8%. ZFR COD 2 B R MR ™ R K IR
T, A3t 77.5 gi(L - d)FEFEF] 240 g/(L - d)FN
42.3 LI(L - d)#E 53] 131 LA(L -« d), “FKFE551 0
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Fig. 6 Relationship between volumetric COD removal rate,
volumetric gas production and influent COD during substrate
concentration increase
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and influent COD during substrate concentration increase
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Fig. 8 Relationship between volumetric COD removal rate,

volumetric gas production and OLR during substrate
concentration increase
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Fig. 10 Organic loading rate, volumetric COD removal rate
and volumetric gas production during HRT shortening
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Fig. 12  Relationship between volumetric COD removal rate,
volumetric gas production and HRT during HRT shortening
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Table 2 Effect of continuous concentration increase on reactor performance

Initial concentration Final

Initial COD

Final COD Sensitivity

Reactor (mg/L) concentration(mg/L) removal rate (%) removal rate(%) ratio Sensitivity index References
SPAC 8000 20000 91.1 95.7 0.03 0.15 This study
EGSB 6600 8300 82.4 714 0.51 5.7 [10]
ABR 4002 6560 81.1 75.1 0.12 -0.69 [13]
%3 HRT ELGEX RN RHAERIZ I
Table 3  Effect of continuous HRT shortening on reactor performance
. - Initial COD Final COD Sensitivit TR
Reactor Initial HRT(h) Final HRT(h) rerr?(;\;:I rate(%) rem(IJr\]/?il rate(%) enf;t:ew y Sensitivity index References
SPAC 5.95 1.57 96.0 78.7 0.24 -4.24 This study
UASB 12 6 93 69 0.52 -12.4 [14]
ABR 40 18 81.9 75.7 0.14 —-0.85 [13]
300 140 = 23 Rk
z B3 Volumetric COD removal rate M '_cl %& OLR ® T 306 g COD/(L d) ﬁ.f ?i‘[gé}zl_‘l
:‘E 250 3 Volumetric gas production . 120 ,,5 240 g/(L . d) @iq#ﬁ%%l_ 131 L/(L . d)o ll.
B 21 100 = ’ N
£ 200 . 005 A [ P S SRR RO B
2% 15 02 2) SPAC PRI IV 2 X 3 e JE 9 % G242 7+ .
O% 60 = . 2 . ;
2= 100 g A RN RE ST . ik COD ¥k 2 i 8000 mg/L 4
151 4 o N .
E 5 > JEZ 20 000 mg/L I}, Hi/K COD ¥ & — HALTEEUR
G . 20 £ .
= . § IKF-(CF- 444 852 mg/L), COD £ [4Z M 91.1%45% = 3]
100~ 150 200~ 250 300 95.7%, 7B COD EERAHMZR)™ A5l $2
Organic loading rate [gCOD/(L-d)]
162%71 119%.
14 #5% HRT BB B ANERE ., FR~SE

MARGTRBKXR
Fig. 14 Relationship between volumetric COD removal rate,
volumetric gas production and OLR during HRT shortening
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Fig. 15 Relationship between effluent COD, removal
efficiency and OLR during HRT shortening
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3) SPAC KA 2 I g%l HRT B 3% 22 45 it B A
K474 18 W BE 1 JHRT 1 5.95 h 4% & 1.57 h i}, COD
BRI 96.0% K E 78.7%, L gsZ L COD 2=
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