45 32 55 10 1) wok B iR Vol. 32,No. 10
2012 4£ 10 A Acta Scientiae Circumstantiae Oct., 2012

AR JASEAE XK. 2012, AR R PR R AL T 15 R K PERR 4 i B R R IBUBRAICR [ T] . PRRRRA 24 ,32(10) :2455-2460
Song Y W, Zhou L X, Liu F W. 2012. Removal of heavy metals and dewaterability of pure terephthalic acid sludge facilitated by bioleaching[ J]. Acta
Scientiae Circumstantiae,32(10) :2455-2460

355 38 X O 3 B R T3S R Bk M B B 1R
REBESEHBUR

RoRAE B A W AR

HRRVARFRFESHRERFFHAFELIL R, F L 210095
Wi B 2011-12-13 &8 B #3:2012-02-20 FF HH3:2012-03-05

FE Gl P IR I 5 T A 52 A BEXRE X 2R — W e ( PTA) b T Je /K M RE M EE 4 8 2 BRACR I . W56 B, PTA 5 IR & W)
PR T WK SRS ) T R ik, B3R s e N 5 o L. /IR 2 d 5159 pH M 7.37 TREF) 2,29, LLFH M 62. 64 x 10!
m-kg T RPN 2.36 x 10" meokg ™' FEAIK T 96. 23% . FERAEASBRACOE N X HZAL TS VAT 2R AR W W g, R R IR VS ek R
SRIEHUBK. B5 SRR S E YR AL S 156 # B 24 b 15 JeUTRE R T M 2% 425 51 33% | JR =0 B K R U F & K RN R 51 45. 9% |, 5%
JEAEL TSI ARREA T 91.1% . YWt Cu Cd Pb.Zn Co M KERFSM 95.15% .85.20% 42.11% 82.59% il 64.42% ; YEW ' COD Fl%
BALBEFRIT N 42.82% F174.98% . 7] WL, A=y A AL BB S 3 I i 38 Ak TI5 U A B PERE , R BRI R 15 V8 T i B 4 . XX A 4 i i
FARTE PTA AL T 538 _F AR FHAN e HAT B3 .
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Removal of heavy metals and dewaterability of pure terephthalic acid sludge
facilitated by bioleaching

SONG Yongwei, ZHOU Lixiang”* , LIU Fenwu
Department of Environmental Engineering, College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095
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Abstract: Removal of heavy metals and dewaterability effect of pure terephthalic acid sludge during bioleaching were investigated through batch flask
experiments. Results showed that the dewaterability of chemical sludge was improved after bioleaching. The optimum dosage of microbial nutritional
substance was 5 g-L~'. Under this condition, the pH in the sludge system declined from 7.37 to 2.29, and the specific resistance to filtration ( SRF)
value decreased from 62. 64 x 10> m-kg ™" t0 2.36 x 10'> m-kg =" after 2 days of bioleaching. The waste bioleached sludge was collected and dewatered
by chamber filter press after multi-batch experiments under the optimum operation conditions. It was found that the 24h sedimentation rate of sludge was
improved from 2% to 33% after the third batch of bioleaching process. The moisture of dewatered sludge was reduced to 45.9% by chamber filter press,
and the sludge volume reduced 91. 1% compared with the control. The removal efficiency of Cu, Cd, Pb, Zn and Co in sludge cake were 95.15% ,
85.20% , 42.11% , 82.59% and 64.42% , respectively. At the same time, the removal rate of COD and NH;-N in filtrate was 42.82% and 74.98%
after sludge dewatering. It is obvious that the bioleaching technology could not only improve the dewaterability of chemical industry sludge but also remove
the heavy metals to some extent. This study has a significant implication for the bioleaching method application and promotion in the chemical industry
field.

Keywords: pure terephthalic acid sludge; bioleaching; dewaterability; heavy metals; chamber filter press
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BRI 5T B, s e AT IS U8 4 ik A i
=5 LA T B 80% LA, 15 U6 P A2 AN B AT ] 22
BERI 21T, R R BB 2 5 7K 2% 60% L
T (BRIESE, 2007 5 AR 24555, 2008 ), 33 X6F A i B2 Dk
5 B A U TS U8 5 S A ) SR AL T
w4 W I A2, K X — W R ( Pure Terephthalic
Acid, PTA ) J& A 7= 5 i S 55 2 11 J5URL, 17 2R g 41 4
(L) Je Ay WA de e 00 b, 70 HHE 5 AT 4
S AR T 80% A HL I (R BI1F,2006 ) . SR i
77 PTA AV 7E AL B PTA A= 77 K = A4 7k
) PTA V58, PR XT 24~ PTA A=Al A9 5L
AL, K B PTA A= IR 7K 22 2R FH 3 16 1 15
Jeid Ab B, 3075 e BN PAM 5l 3 a8 8.0 i
IR TG Ve B BRI P &
(85% A ) \E /KR (#238 90% ) It & 2 M E
SR HIE Co &5 PTA MISEMA DL Y. 25 %t
UET5 I B A AT AR PR AL B, 0 2 B T K Ay B v
SEOSAS Y UL, R XIS R K, &
bR EY T, X5 e ) 5 2R A0 B+ oy S A I,
ARSI PR , BF 5% AS [ AL B A= 0 6
ALY PTA A6 T35 U K M fE ( H ELRE ¢ 3R 14E)
FIREIA , E S FEAD PR A5 A T AT HUARE Sl 2 m® IR
HIRAF ST, I R 20 e AL AT R 8 B K, AT R
YR EARTE PTA A6 T35 8 1 590 H $2 Rl 2
A

2 #EL57F % (Materials and methods)

2.1 fEIRIT R g A A o A &

HERTE U V5 ek A T = ZE b A IR A A,
AN EIISE T 2005 4F 4 A FEA PRI R
(PTA) AEAF2RE J1 0 60 J7 t. BRAT I5 7K b B 3 72
H 2 V5K — B - UL TE Tt —HE /K. U TE 5 U
PAM J& 8.0 7K, i 7K 5 Y8 B 7K R — JjE7E 90% /2
A AT U S Ve th VR A T e, I AR 3 Ak M o
W1,

F1 HIXTROEREBEMER(LTYET)

Table 1  Primary physicochemical properties of the selected sludge
B
pH i CliEs AL o
/(m-kg™")
7.37 1.13% 86.88% 62.64 x10"

R - A A BRUBZH DT 43 2545 2 1Y
2 BREAT B FRORR I PR A 5 97 B, 45 A 76 A B R

R Ry E (B T 28 CIEE R KT 180
remin TR RE SR, B R AR A0 M TR 2 10°
A emL ™) ARIERE R IR A, T 15 mL IR AR
TH) 135 mL g atialys e i i 9%, 2 W40 i
IR0 10° > mL ™" TR 15 mL L5 e8] 135
mL Bt s e i, it 2 PR, B 9k s R
llySEe LY/ B
2.2 AYHERRAR

S TE—Z ) 250 mL =B A 135 mL
eV U8, SEAT A SO I FR /) (2 EH NP,
Mg .S AHLIR AEA: 2= %) ALY 5 b3, B
Wt .10 g- L™ VEFRA + 28,5 - L'E
FEFN + el ;B3 g- L VE IR + 200 OOUEF ;B
U5 g L™ VE SR R T5 e 100 10% A
SAET 28 CHE FEIRT (180 romin ") IR
B3 AR ERHIE pH (A5 V8 LLEH .
2.3 AW EFRKARE

R A 4 5 1 6 25 SR Ak T35 e e iR ik
B 460F R AN 2000 L A EE B 450 = M1
BN (AR, B A SR 40 ) i A7 h ik e
2858 B, 8 1600 L V598, in A 200 L
HEWRERITHREFRA (%S g- L IMA) (JASLHE
45,2004b) , FEBEARAE N AT AE YR, RO ]
W 2 d. RS S S 3N BR B2 il B 1200 L
V5l 2 M =X g MLk AT R g K (5. XAGZ5/
800-U, i€ m AN 5 m? i U8 J1°o0 0.8 MPa, e
WA 1.5 b, ARFEBS R R 1 h) |, 00 35 U8 0 75 7K
R FA 600 LAEN T —HEBRiE P v A7 3. LA
WWCEHE N IHEATEE 2 4 28 3 HEAE Wi K ds e it
AGRES. FF2E 3 HE AW IR 45 R s, I 5 V5 YR D%
R JeYFE 4 )8 & i (Cu,Cd Pb Zn Co) S K UE
JKPERT (COD FIESR) |, [ LU IR 75 948 brfE N
X REIEAT L.
2.4 M EFE

5 PR UL R 2 SRk (F H 0 25 2006) J7 ik
JE 5 15 U8 LU BE B I 2 4 SCRR (JR1 7. #2007 5 BRAE SR
% ,1996) Jr ik T R pHS-3C K5 % pH g 15
Tery pH {8 ; 75 e i 7 [ 38 A LT 43 501 R FH 105
CHETHER 600 C LBl ; 75 Cu Cd Pb,
Zn Co SR FHAE R -2 IR - tm LR T 2800 I - i
4366 BT (WFX-130 Y 5%, GTA120/AA240Z ) il
JE ;g 7K h COD AZ AR50 51R T E B8 PR A 1
FNZEARTEI 5
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3 2R 517 (Results and discussion)

3.1 FEAE pH Fo bk [y oy & (LA %

M AT LUE Rl R A TR A e, R [R) Ak
N pH MR LGS A A TE. 43 1.2 3 1 pH
LR/ NI 48 h R AR E , NWTERE
5 224750 R RER 2,06 ,2.29 3. 02. Ui BTSN
FIFF AP b B RE B P b R AR TS U8 pH (., T i A
L pH T REAYEL. MALEE 4 (%) pH 7£ 24 h 5
AFERB BN, HAIRE BN, 2WE 72 h 5
TEEE] 4. 64, AT 0] BEAY SR PR 2 B AR Z AL B VR N
EFER ARG Ve e YL 5 AT REAF7E > m R B
R I E SRR, AR R R pH AT T
W, ST 4 MO, AR 5 ROR R 22 IR RS
pH WA BB ARE, v] UL BUAE B SR AR B VR R
JEDMERHA R pH B TR

—— AEHE 1 (10 L7 ESRA + )
—O— AbH 2 (5 gL EFRHI + R )
A JEFE3 (3 gL B+ )

—7— MEEE 4 ()
8§ O MELS (5 gL EHH)
Sk
ol
@ S|
jan
(=7
4_
3_
2_
1 | | | | | | | | |
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R B ] /b
60 - "\
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k-]
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3
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AR I /h

1 A EAE pH FLLFE v BIZL
Fig.1 The change of pH and SRF by different treatments during
bioleaching

MIGTR LR S AL B 285 24 b AEW RIS
R R, IFAE 48 h I T B B BRI AE, b AL B
1.2 3 JUNB . Sk B 5 LR 2k S pH

I AAT W Y — SOt pH B U 75 78 L BH )N
DR YIRAAE T B 45 5, 15 JR 0 26 I 7 £ H far
(Zeta HLALE R AE — 15 ~ =30 mV) i A1 . HEJF | 1
VIR 22 58 pH RS, H W B R FH &3 h
FT V5 e UKL 2R 1T (%) £ R AT, (o G Es T3 R (pH
2.8 LEABE, Zeta HL AL A 0 mV ( Citeau et al,
2011) ), N4 Y8 S50k 8] AH EHE R 1 B ik R AR
1A AT K, 26 B 75 U8 HLBEL(E B & B, (HAF
K IBEE L Y IIR AR EE 16 72 h 4% A Y
pH /54 T T B, T E BB T B B2 i T [l 5
HSRIG TR A K. A WX 2 AN R G
(EPS) 7Sk D LY, 7E 24 h N5 e LE W iRk £
HRBA P B 8 R IS PR TS e P S T A R A R AR
PGS i RE R ME B F% 0 o 1304 D B i R M 5 5
AR B ETE S50 . EPS SR/KPE—BARAR 38, 1 [ 7%
W AR ) EPS B H S AR AR 2, X v R A Y
2 JE 15 e 25 5 Wi K B IR R 2 —. (B BE & Wi 12 i [A]
PISE  FE A I BE IR ) 3 T A 5R R RS BL R, LAy
fife i e A ML AE A RE R ) BT 1Y) v R M 7 R T T
GRARSE A, AT B 77 08 R R Y 44 itk
A SRR 4 Y EPS T a3 2 ik &1 EPS I
SR K P REAE 25, I BIR &, e i
IZIHE R 2 d. B IR + R BRAE B 5 R TE T b
BH, {HE FRFR I 22 | FUBE R Bt 34 A B
I, e AR R 5.0 g- L', BUit, 2B
122 dJEi5 e LB T FEF] 2.36 x 10 m-kg ™', 55
AT TRAH FE AR T 96. 23% , WX I 7K 28 1) %5 75 i,
ALK 0 (1 ~4 x 10" m-kg™") (BRAER
1996) , Bhf- Mkt 15 e ik e,
3.2 WRFRERAET RIE T K
B2t T e TS R S E RIS e A SR U

35%

—-JRRI5 R

0% _o-wmRiEiE

25% I~

15 VENTRER

S Rl

0 5 10 15 20 25
HFEI ] /h

B2 SiRMMEERSIENERNXR

Fig.2 Relationship between the efficiency and sedimentation time
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N

2%

2= 5. NIRRT LUE 1 7ERT 10 b, AR T5 8 JLF-
AR T 15 Y U R 3 At 2R b DiRE
RO R 0 F1 19% . B35 I 6] 1 4k 2298 K| JR BB TS
T AT LR AR IE I BEAR /N, 7 24 h IR R 1A
2% , PR 15 PRI R AT B 8 E T2 33% , HXT
JFARTE IR S T 31% . ol WL, AL W) iR ik A #ifE T
15, B I R IR A U
3.3 R AKE

AR YRR A S 0 = Ao S b AR
AR 2 E T 3 o R X 0 AL 208 R K % 1
E— A U S IR 4 A, LA L T35 R AR W i 1
TR RS

3.3.1 BERERENMER THERE  JHARIEN
E AR (2 U8R | SR (T s AR |8
BORIEHE BESE O BRAR) DB A o (UEAT 45 ) 3%
PE B (PE 3) . SEHES B8 AR M EAE
e P — 2L 8 . DB A 2 A YA R 0 A
PASCHEDEAT . B HERIE R i 0 A A AL, AR
A LS B Y T 3, AT B PRI BE K A |
A MEPIIN A T SCFRAE R R b, ol R B
F BT HE. i AE =2 18] 4 08 A 2 2 5 #7194 L
A IERERAT 15 D e A DR %, 7E 9B A 1B ik i, B
B FUIE IR . DRI o B AT T AR A Rl R 2R
I IE , SRR

IRHER IBAR ERR BRR S L

B3 BAAERVEYE(a) RIFEEE(D)
Fig.3 Physical(a) and schematic(b) pictures of chamber filter press

3.3.2 AR TG RADERAKE

Kl 4 B0 T AL TI5 U AR R A PRk ™ g Bk
JEVDEE AR ARG L, I LR U6 15 6 182 R 08
PVHER T BT . INE Rl DL 1, R

100%

80% [~

VBFERR

40%

20% [~

XFHR F—iit ot
AR AR

B

4 KIFRABEWHEHRTRGSKE
Fig.4  Moisture content of bioleached chemical sludge cakes at

different batches

Yyiiia A BRI D 0 T Ve R I8 K SUR B 22 (JLTAS
BCIRYE, FCFT I G OBPIR B e ue A 1), & KR
513K 95. 2% , FN— BB Tk 1 vk 4 15 VR A 2. T 48
HEIRAL B | 75 e KRR B R AR
U245 o 5 F U8 V8 5 KR 40 51 R 31 67. 8%
49.6% 1 45.9% ,JF&da TiE. 5XT AL, 15
PR 0/ T 85. 1% .90. 5% F191. 1% , 35 5]
Tl B s ki By, NE R LR 1, 5
552 3 HLKALL  FEAR R R A TE) R (2 d) L 568 1 4t
U5 VR E DR 45 S R DF & AR E T 29 20%
XEZUEH G le b 2 A R L TS5 R
o BE— AT N R Sl A v A R B R A
XoFRAE  X R 0 8 VR 5 1 S A e ) AE X #R S
H* 50 437508 pH T FEHE 15 8 B0k 25 1
ATh 5 07 R e I A EHE R, DOTTAS I K.

3.3.3 LIFRAEMHENEETIETH LA
SR E SR R 22 R4 pH (H X EALRR
(ORP) WSZIA , TEA A IAEAE RIAE L, 2 pH {ERE
R3] — e FEESH ORP THE 8 — BN, HEeE S
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B REIWAE T (Couillard et al. ,1994a) . ALY iR %
AMUATE R LR G Jeh B E S8, H S R %
kM L, AR E 1] 2 80% ( Couillard et al. |
1994b).

M 2 AT, Gt AR Wi IR Ab B S TS Ve A LT
RN, IR BIE TS5 e s i 2Rk, 1
oA AAAE — & 19 KUK, (H i A BILBT AR K 4335 8
AOARE A, g AR R AR A T AR S A, s T B
PRl RI AR T B A7 A [, 5 e b 2
JEHR Cu,Cd Pb Zn Co 15 & HA A ] T2 BE A
%, Hor, AL IR A5 P Cu Cd Zn  Co 2] T

I A I BR AkHR, 25 BR A 4 i Gk B 95, 15%
85.20% .82.59% H164.42% . PiWixX 4 Fhoc R X} pH
BOAHUR, KBRARX 25 ), REE RIS Je i pH 3] —
FEKE, T AR i . Ph A I IE R LA,
EBRFIG 42. 1% , 3% AT G A2 i T Bl & Wi D8 A [a)
MHERS  pH BT B R R 2 I s Ph X
B S0. 5B T A UIE (Veeken et al ,1999) . X &
U8 AGHEA T WD & B, B e T e R g R K coD Al
ANAEEAL, DL AW WIR )G, 1% W48 A5
1T ARG B 2 BRACHR, L BRF 000y 42. 82% Al
74.98% .

x2 EMHRAERERATL

Table 2 The change of various indicators before and after bioleaching

. RYFELE TR/ (mg-kg™") COD HAER
5 HHLR » -
Cu cd Pb Zn Co /(mg-L7") /(mg-L7")
8GR 86. 88% 210.1 5.34 222.3 390.5 1800.9 170.7 357.9
iR i5 e 78.53% 10.2 0.79 128.7 68 640.7 97.6 89.6

4 #5i8(Conclusions)

1) PTA 4k T35 I 44 W i 3= i Mo Ak & SR 145 31
T RS GE, BB SRR 5 g L' i
i, AR 2 d Jai5 P8 pH A 7.37 FRERI2.29, 1
FEA 62. 64 x 107 m - kg™ T3] 2.36 x 10"
m-kg ™' FEALT 96.23%.

2) BB IR T 2R e 5 TR DUIE %
M 2% $2 3 33% (8 24 h) |, R E BE K S TR
PESKCRTREE] 45. 9% , 5%F IBAH Lb , 75 TR AR B
DT 91.1%.

3) XA R S TS U VR R R E R AT W &
P, PRVEF Cu.Cd . Pb.Zn . Co B3 B EA A [l 72 BE
HIREAG, 2215 R 7 51l 95.15% 85.20% 42. 11%
82.59% 1 64.42% ; Y& COD AL A LRI
ok 42.82% 1 74.98% .

EEEEEN A LA (1965—) , # % AR IF, £EMN
EEEENLELE SRR FERED TR FERT
W% F WA %. E-mail: Ixzhou@ njau. edu. cn.
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