ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCLE




W % B 3 §37 % A4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2016 4E 4 H 15 H

H &

2013 4F 12 3 1111 T R 5 U T[] 0 50 1AL 22 A S 06 IR vvveeeerrernmrnreneennnnreeeeesaniieeeesessiiaraeaaenns
............................................................ E@,ﬁf@?,%‘#%,?%ﬁ,fé%%,iﬁlﬁﬁ,]@f}%,%ﬁk, F/if\‘&ﬁl( 1179)
T SPAMS BFFEAIL £ 3645 81 ) BT K IOREII A 3R R oo FTE,ELR L E R, S, K (1188)
F SRR A 25 5 Z BRI A FAE I ++++vvvvvvseenesssssessiis S8, T A F B B A (1199)
S L N E N T RNy | /el T P S L 7 SRR o B IR — (1208
TR TR PM, 2GR -evreeereeeemseeseesmeeeeseieecisccs XA, FBR, SR, I, 4R AI(1219)
AR P U RITE S T EE AT ooeeeesseessssnssssnscnns B, R A, AT AW, ERE(1230)
VRYIAT R AR IR A o eeevoeoe EEC R, TR, B E W, ke, BT (1240)
jtf}’?l_ﬁ]%ﬁﬁj(% C02 K 513c( COz ) AJECARAY, e BAE , };:]pz i , | 3L #r , gﬁﬁ%( 1248)
PRI 5 0 RN BRI oo FURE, BT KF R, R KB A, R, E W (1256)
T BB LKA ZS S 15 e J BTG JXURAY + e eemmmeeeemmeeeemse e e st e et X| AR, WA, B A (1264)

Jtﬁmgﬂ_ﬂ%mﬁl\j}(‘ﬂgrﬁiéﬁ E(Jﬁﬁé*ﬂ%%%‘%ﬁﬁ#%@f&kﬁg%ﬁi?{ﬁ .........................................................
......................................................... ?gjé\’%m’ 5%%,5%‘%,?%5@#&%;,ﬂrﬁ,éj‘%,jﬁj‘ﬁljﬁ( 1272)
P22 H 2 020 T 2 TR AN AT AL S SETEABATT  +vvvvvvreerosrmrnerreresssinnrreesenniiiiaenenns TW,EAE, # MR, FHT(1279)
PDMS 345 2 1P 50 B2 | SEFIPTERIE B ITE - veevvvveeemmmmmeemmnneeenineenn X\Ek,EE, T8, GE, BEEL.KEE(1287)
AR I SR B RETE R AP AL | L TGHT woevoveerereesnnnnss K T, AR, E R A (1295)
7 LT B R REAL TR IIFTE o oevveeserenessnneen B, A, 30, T, A5, B4 (1306)
OS2 P KB 0 07 5 R BRI oveeveeveeoo P EEF A, KA, ERIE, 08T, B (1313)
VR K WNAR R R AR CIS 2 A A SRR - 324, K5F 25 FUF HR¥, EE(132)
ST KA R AT R B BT RS ++vvvvvvo v T2, B A, 5B AL AT, R IR (1330)

T6 b7 IS K 2 —— JE A 7K 25 PR SR G B K TR IR - eeeememeeeemmmme e et
........................................................................ ‘%’Wﬂi,ff}éﬁ,ﬂ%ﬁﬂ%,iﬂl?,ﬁi%ﬁ,}%E?%,XIJ%(1337)
BRI X TS SO S0 (K ALZEAE oo BT, R E RAT, KA, KB R (1345)
R U 5 DOF IR I P A R L SR N R R0 - B 57 7, £ 1, BRF, <= ARE 2% KAER(1353)
@Iﬁ“}éﬂj{ﬂ\(ﬁ{ﬁiq% rl‘lﬁé{h*ﬂfiﬁ%“tﬁ/(ﬁz%ﬁﬁfﬁc?ﬁ ...................................................... 7&}%1}@ , f %r F , %J‘f){l[k( 1362 )
LGS P A IR B BTERIESE -oveeeereemreemmmesmeeees Lk, F5, TR xH %, FF, X K(1371)
R LR JZAE R G T =B R S B R TE oeeeeereermrrre s KT HKT HEE,FF (1379)
W SEIR PEDURR EBE A DUTTG RRAE P cvvveeememmeemeneeeeeees BEALBL, #/0 o0T, kAR KOSCHE YRk, R (1389)
PP AR - 8 A BB AR A BT W T T BT (ST e A, FEM, B, RF (1397)
AN R S AT B K AR B BT 25 A3 AT wveevevvenreessssnnnnnnenennniniinese s BAE,REL, FI4, 47 f(1404)
BRI T AR AL SBERBOE ML e MR, 25, FAM, £F, KFEH(1413)
Tjtijjj(j-%H’ﬁ%ﬁ*ﬁ%*ﬁﬁi&i;ﬁﬂ(*@;ﬁ;ﬁﬁﬁé@%ﬁuﬁ ................................................... g[g 1&1{% , $ f(ﬁ}i‘% , ;(]J Do %( 1422 )
B PE e 1A SR XIR YRS B K Z BT RS ALAYTEIR oveeeerrreemnreeneieeen EEE, AREM, EHE, Tir(1427)
H AL 22 JE AL T 2B AR QI TEVEIIFGY v vvvveeeeserrmmemreeessnnnnnreeesaniiite e e s T K, T, Tk E(1437)

KA BB REERL e 45 Fe, 0, @ Si0, GIKBURLXT K BEAY RBRBLFFRIH] coveerremreemmesin
................................................................................................... g’rﬁj’ﬁfﬁ’ﬁxﬁﬁ’ﬁﬁwﬁ{g,%ﬁ:ﬁ%( 1444)
LTI BT A U AE AL B SR KA ) A AR AE B SBR - A G we, R, X208, b X (1451)
TR 15 VKR AR DL G R 3T eeeeemeeee e FRE BWRAKL RIEE, F R, EME, B2l (1460)
1o 1 SRR SR AL AT AT P B ZE G IIAT wovveeremeermeemmnesneeieens FR AR, ED HNE, B, BH(1467)
SRS S s SRR AL PO B G AERFHILA -ooeoeeeeemeemmmssreen M, KA, RS RIRT ER(1472)
SRS AR5 DEAE DR T P T RIPEREIRIL +oveveeereeeeeeineeees ITEW ROGR, B R, EAF KA, A (1478)

1&@&%%?&%}#@%%%%(@@i%ﬂﬁﬁﬁ{%ﬁ;‘rﬁ&ﬁﬁﬂﬁﬁﬁz%E/‘J,ﬁgﬁﬁ%ﬁu[’,ﬂ ......................................................
.................................................................................... ﬁ%,,@%ﬁﬁ,iﬁﬁ,%éﬁ*,ﬁﬁﬁﬁ%,ﬁ%ﬁ%,%u%( 1485)

U S A G T L Tl 2 L A LT
............................................. ﬁ]{%?ﬁ,if\/ﬁ,éd\ﬂﬂ ’fﬁﬁ}i’f?ﬁkﬁﬂ,gﬁffﬂ ,Z}S;-i\—;i’ }{ﬂ}ﬁ?[\,iﬁﬂ ,Th81(1492)
S ORI PERHERE X R -2 N RV E R G E SARHE R - it BRER PB4 IR B % K E R B X (1499)
TN ) A R 2 - NG [ R 2SSl UM TRl o vvvveeemmmeeesnmmmeeennine e e K T4 (1507)
B FA 3t i 2 R B BB | TEHLRR 5 REE R A DG -oeeeemeeeeeene TR, R E R, K YR, KGR, T (1516)
SN TR 280 4 T HA UG Ph BYMRAERLII weveerereremeeeeee XL , JL % , % , [ E il , F/if\;’f( 1523)
E%Xﬁafmié{g%iigég{ég Lj&*ﬁ%{tlﬁj%*ﬁ ......................................................... _:EE[E% , 7’&1&% , };ﬂ }S E( 1531 )
IR FHKTBEPER AT BV Z -oovvoreeesssensssssscnisenns B WAL A 5 4 (1539)
%/ﬁé—‘f—éﬁ%%ﬁg%g¥ﬁﬁﬁ&#@ﬁ#§:f@ ................................................... ;% éljﬁ , ﬁﬂ(ﬂi , ?%{ WL , )’:‘,ﬂ é% , %‘3 g%( 1546 )

ST RS U RO 055 A 3BT 75 Ve AR VA O TR VRIO TR oovvvsenvssscnesssnessnnnns
....................................................................................... ﬁi%[}%,%&?ﬁ W'J,?]Jitéz,&,ﬁiéﬂéﬂ,}ﬂ%,é?( 1553)
FOH M- R ZT IR KR IP AT wovvvvveoossevnnsssnnnn SHE, AR, ETFE, KEX(1562)
4 B PPCPs X4 o AUKHRARARAMIBC M +ovvvvoemovssseenssssscenoo ELE EAT kG4, EE AH(1568)
RS S AR RIS A R AT g R ZS BRI R < vveeememmeeemmeeesmneee et e e ME R, EFE(1576)
KU SRS (AP I SE I RS2 70 S ST - vvvvvenoeneen $H EGT,ERE, HRH, FHE, U0, BHE(1584)

CREERFEVIETT R 3 (1218) (REEREVERSRINI(1370)  fFE.(1352, 1412, 1498)



Vol.37,No. 4

5537 B 4 W) H % ) 2%
20 & CCIN S & Apr. ;2016

ENVIRONMENTAL SCIENCE

=R RNRREKRBHATITERZFIES

ZERED? R D IR RS Sy

(1. NBRE R AR RL A5 TAARE , M 2150095 2. S BHEE KAFA S A YR80, 750 215009)

HE . L2 MR AR b T SRR RUE AR T P IR BN &, ARSI s 17 Sl AL S B2 BT 1 Se i AU B
LA AT AT, S5 RFR I KT FW XS A AL AE— B ARE . 2 F R HIE 750 mg- L~ A4, AL
VS TR AGHFRIC ] WA, 2 F VB ARSI e A TS VR A A R A B AIR. AR FRE F - (VR 4% #F 800 mg-L ')
Z F R VR IE K B, I Ak 5 Y i B R PR RETE BB 52, 280 93 d s AT, B AU K BRETE 50 mg- L' DL, B L bR R ik 3
90% L I, BERHAIEEF] S kg- (m’-d) ~'. S, SEGERFUE A T AL, 7T 3548 K2 70% M it F 100% R
BN A Kb AR AR Ab B AR

KRR Z AR R SERAGERE B 280

FESEE, X703 TEARIAF. A XEHS . 0250-3301(2016)04-1467-05 DOI.; 10. 13227/j. hjkx. 2016. 04. 035

Feasibility and Economic Analysis of Denitrification of Photovoltaic Wastewater

Containing High Fluorine

LI Xiang'?, ZHU Liang'*, HUANG Yong'*, YANG Peng-bing'*, CUI Jian-hong'*, MA Hang'’

(1. School of Environmental Science and Engineering, Suzhou University of Science and Technology, Suzhou 215009, China;
2. Institute of Environmental Biotechnology, Suzhou University of Science and Technology, Suzhou 215009, China)

Abstract: In order to reduce acid and alkali dosing in wastewater treatment process of polycrystalline silicon by using denitrification
after fluoride removal. This experiment studied the feasibility of first removing nitrogen using the denitrification process by start-up
denitrifying reactor before fluoride removal. The results showed that the F~ concentration in the waste water to had a certain influence
on the denitrification. When the concentration of F~ was controlled to about 750 mg-L ™", the activity of denitrifying bacteria was not
significantly influenced; when the concentration of F~ continued to increase, the denitrification efficiency of denitrifying sludge
gradually reduced. In wastewater treatment of polycrystalline silicon, if the concentration of F~ was kept below 800 mg-L™", the
denitrification performance of denitrifying sludge was not obviously affected. After 93 d operation, the total nitrogen in effluent was
stabilized below 50 mg-L ™", the total nitrogen removal efficiency reached 90% , and the removal rate reached 5 kg+(m®-d) ~'. The
calculation result showed, compared with the conventional denitrification process after fluoride removal, the proposed process could
save about 70% of acid and 100% of alkali dosing, greatly reducing the cost of wastewater treatment.

Key words: polycrystalline silicon slice wastewater; denitrification before fluoride removal; effect of fluoride; economic analysis
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Fig. 1 Schematic diagram of the denitrification reactor
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Table 1  Main quality indexes of cleaning wastewater

NO; -N/mg-1.~! NO; -N/mg-1.7!

F~/mg-L~!

TOC/mg-L~! pH

442.80 +37.02 0

781.9 £54. 64 0

1.95 £0.42
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Fig. 2 Variations of NRR during denitrification batch tests
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Fig. 3 Removal performance of NO; -N during denitrification

SR S B 45 S AR ENIIE.

FrBE3(44 ~93 d), b a5 /K NO; -N5E 4 i
ZihEE R E DR K B AR, BLE F vk B Ak 750 ~
800 mg- L' Z [k 5. Ll kAN2 A mMiEfr, hk
NO; -NEAFaETE 10 mg- L~ A, MA LR ER
FELE9T% L b U R R LBRBORIFRZ ¥k
BT R b T HE— 25 R RN A i AL
fE. TERNAHIZITE 61 d /K iR mtE H 2. 22 h
BAGERIZE 1,56 h, A ST B TH TR S EBUE Y
ANBES AL FE ) Y KNO, -NA S . 78 N g8 11
172 d, KRS 805 R KK, FECH K
NO; -NYeJE 253 100 mg-L~". HILTE 73 d ¥
HRT N2 1.75 h, & R &8 2217 (70 ~
93 d), /KA R — EALT 10 mg-L™", /K S A
375 /N T 20 mg- L', 353 DB 32/1072-2007 HEJiX
FRifE B EEK .

2.3 A ERRTEN

SN2 JE ST, R T A A IR S UK ¥ e
HEIET, 74 VRA 47 )RR, 53k TOC
EERFBAMCAE 3% [ NE 4(a)]. &2 T 6 dBYI
b, RS ARAE B 5, TOC 2R EFHE T 90% .
254 37 d WEEEB AT, 7K TOC — B 4ERFE KK
-, 50 mg- L™ A Bl ROV AR RSB AT, A AL
P SR B R YRR LE 90% ZE 47 .

PEHGE IS FIRE 1 g NO; -NTFREE 1. 07 g TOC
(2.86 g COD) , i85 1 g NO; -NFINO, -NFFE 0. 43
g TOC!™' . A s A se i f stk i K TOC FINO, -N
(A8 Ak HE 47 X LSS AT AT, RORE Ak R ATOC/A
NO; -NIEFAE 1.2 E RIS K 4(b) ]. &%
EIR A R, AR SE 5 E K TOC/NO; -N HH 7E
1.3 ~1.4 247, ik TOC F 4y 50 mg-L~" 247, ik



1470 wom B % 37 %
15 P .
700 100 *x ()
ik il ***** *** *lg -
600 450 1.2 4 i % 25 E! = *ﬂL
505 470 ", x #% ** .:'
T 198 T o9 *
2 400 | 150 3% & 77 * ATOC/ANO; N
£ Al | —A—jikTOC 1% 3
S 300 J | —m—HhkTOC 1308 S 06}
| —f— TOCH: R {20 & =
200 | Ak - 410 e
Ve /\ { [ | u Jo 03 F
100 i |"I - J'EF 4-10
{} I 1 1 i 1 L ] _2” (} 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 0 10 20 30 40 50 60 70 80 90 100
FHd ZiFR/d

4 FEEESH TOC MK ATOC/ANO; -NELETEL
Fig. 4  Variations of TOC and ATOC/A NO; -N during denitrification
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Fig. 5 Variations of NRR or NLR and pH at different stages
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Fig. 6 Nitrogen and fluorine removal process
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