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Green chemistry and technology of water treatment
WEI Gang , ZHOU Qing , XIONG Rong-chun, LEI Xiao-dong
(College of Materials Science and Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: The definition of green technology is discussed and some Lypical waler treatment technology is valued on the ba-

sis of green chemistry. It is believed that the green technology can be defined as the technology that can meet three basic re-

quirements of advanced technical economy norms, innocuity, no environmental pollution synchronously . The advanced oxidation,

electrocatalysis oxidation, supercritical water oxidation, ultrasonic degradation and membrane separation technology that are being

studied and developed al present, although they aren’ { perfect enough, can be taken for green lechnology of waler treatment.

Whether the chemical process is a kind of green technology or not, depends on the fact that the product used can meet the re-

quirements of green chemistry. Zero effluent technology is the optimal green technology , which represents the developing direc-

tion of waler treatment lechnology in the 21sl century .

Key words: green chemistry; green technology; water treatment; zero effluent technology

8 N FE T W 42 BR Ak 7K B YA 98 AR 305575 e 9
AR U R K AL B Tl S M 8 07 2 18 F5 45 4
BRI 14 6 R S AR R R DR K A B T M T 2 K i
9 SCHE, — S LA SR A0 4l 27 O B Al 14 4% 45 7K A BB R
Foir OO 21 4 7K 4 BRRL 2 9 2% BT U A K Ab
BT A R R

1 XTHRERARHEX

BT XOBRFRBE 0 H SR B A PR B
WA, HAT, K TaOBRME CHERIEL.
e — 83 SN FES A 22 25 570 69 T R B 24 4
GOHR, XERAE Bk, ROSTEAR S 875 3R
Z A F 2R ORI R A — b N AR A2 2555

W & 5 89 :2002-07-30
B&WE: [ 1" HEKE BB THR5E (2002BA313B01)

A PR o AT A 3 PR BT T e, Bl Qe 7= 35 G L TS
Qe mrARin e BRI ST AR TE D Ah— BB 30RR
RN R S R PR R SR R . XA
BB e, A 1 A B 9T e i R o T
RESE TR IEARA X e Ja RO, B R T #E R fE
FERIBEA o

FAEH NN, SO EOR N E N REWS [F) I 1 2
TeRZFrHe bR et T AR TS P AL 55 3 LA
FORBIBIA . AR & 2K AL BB N ], 6 275
Bz LA BB R vk L EOR B A e A et
BEARHGFIEREGER, ERAELZOKR. H
R IE A 32 107 ) 2R TR R 3k AR R AR R B0 v 20K
AL BREEA , AR PR 22 B 18 5 Jo it | (HR By A W) I

FEZ B BN, 57,1944 A2k O J0E2 N ERDREF UK A0 S48 07 SR DA 5 3 R IR R N, RB 2% 4% ,010-64434410, xiongrongehun @ 263 . net.



s PR T

2522 %25 12 |

w5 KRB E SR, AR A AT AR AT
LA B T R AN B AL 22 2530 B AR B 8 A K AL B3
AR, AR AT 3 At 1A 2 5 5 R A R R R IR 85 )
B ARG R 2 TF R A 1 AN B SR BE , A REIT A SR (B4
Ao WFFRTF R R R LR 3 TUEEA Z SR 9 HR 2
8 B4 4% 1K Ab BEHOR [59 J7 1]

2 FEMFBAKLERK

2.1 BHEUAEAR(AOPs)

AOPs EEALHE O05/UV(EAHMER ) 1L UV/[E AH
163 ¥ H0,/UV B, Hy,0,/F?* 3. 0,/H,0, 1
g2 LJE R RS R A R AR RE R R A
-OH, -OH FBW L e FEME R b K B HLIE 1L,
iz 5228 4k h €O, Al H,0. AOPs F{ AR &I 1845
Jeik JEH LIS, R R S K R B R oA
F T A A 4 A 1 ) 05 o 28 5 T R F 9 A B
AR B2 RO A TiO, . Zn0 . CdS . WO;
Fe, 05 ., PbS. Sn0, . In, 05, ZnS. SrTi0; #1 Si0, %5 | JU
o Hodr, 442k Tio, &AM RE R AT .

YK Tio, oM Ak S A ik Tk A A9 32 B2 IR o
A O R N BOR AL PR R B RAT SO,
R T OKAE AR 2 T & PR v L R 2, B
MELLHE T K TR TR BIIRE A, A
Wik ab R, B OGHE AL TR B, B RT 3R A5 0 R 4
SRST o T OGAHE AR AY [ 2 A AR AT R B AR AT SRk
B ALK A 5 0 5 T SR RIOUE [ e S5 Bl L 3
Tl R A e AL SN R SR T R o
2.2 BEgsLE"Y

FL 18 Fh A1 12 ) FH L 0 R AR B R B4 i A
YER ™= 4 - OH, i A MLi5 e 9y 52 & Ak b Co,
H,0, ZIFAL AR &7 H o e, &y s A0, 300
HRTER JE B, A A TR R, B — A
FEIKEFFE AR . AP Y5 HUE K B, A [R] A AR A 3
BB A 2 Ti/RuO, > Ti/Pt > Ti/Pt/Iro M5 B
RO% TR B RSO AL R = 4E AR R4

H R, HL A Ak A 7 AR AR S B, X T AR
U A SR BN R RSB 12 AT A 2 R
ABRF o FES2BR I 7 T, 75 2 A% o A8 30 A &
BT A5 B SR, 18 LR, s Rl B R O K
AL
2.3 BIgFRKEHZE(SCWO)

SCWO 114 Jit 3 2 DA i A K A )2 B Ay

R
H (AT L A ) T 06 ot 5 5

1
I

1

M8 HERN, YRS N CO, . il
e AR KB 28 B B TR, B 80 TRUK,
HARMFRMEARIBE BRI MBMYU TR E
KRB, v SHEM Y R (ana2e) AP
MAEANSR B FR LN, R T HRME R
BEL Sy, S e M o R ). S ek Bt
2 E AR M, SCWO B A JE T AL | 45 B A )
BLORBRECRE GBS ISR T T E
25 B A E T DR Tl R K LA R 3T §5 K BY Ak
., HAT, % ER SCWO EFH A & A #Hdt ]
FRKE ST RO RO SRR Y Ry B B Dok R
KU, fEE E L B A g S T A A SCWO B
VEK AL BT, b E ) SCWO BB 5 % Ak TR 2B Y
&[11’1210

SCWO TEH AR Bk A VF 23S, Mt R TF &
T PR AR AL R, A R T v R A [ AR OB G 5
7 110 1 2 W) RN ) 45 9, DA SR R R e BB 55
X E B S F IR Z RS, 15 TR R
TR AR T & XE LA BETT
2.4 BEHKEMEEREAR

T R R A AL e R R, Y R R
SRET, TEBRAA B 21 BRI, RO 2 8] A TR 51 T BT
W%, T BB A%, SAC I F AR 0.1 ps, BETEBRIE
i A % ] TT P2 A2 29 4 000 K FlE 100 MPa B9 )= 3 5 1R
M EAE, F-EEE AN 110 m/s (I EAHREL
Wl RS, BRI TA AL ES L
LN K AL SR T S R 40 ok B B 3 OB
o B2 7K v BB BT S 0 R i o R K R R B Y
REMEAT S MR — S, R AL 2 & S iR
SR AR 23 AR R, BN B AR D C—N B
4R B4R N - OH Bl Ay -2 L 4- 0%
By e R R B AN SR T
C—Cl W3 R I5 R A 7 = 4 CO.CO, . GH,, &
KPR ER L COLCO, KR B A By fa- SR B o
£ 20 kHz.75 W/cem® 554K ,25 ml A4 1A 55 B 7K
FEZ 2 h BB AL BT S8 R P, Al A R A2
By A S R O, AT 20 kHz 5 Sk X R U R
L 2SR AL R R R 5T 24 25 min S5, 15 U W 10 [
RN AR

X 7 U R R R R R i AL TR R B
B, VR 2 00 R T R O, A HLY R AR R SR AL R AR
R f HLEE L SN 2% 1Y A BRAR T | R A 7 O R A 2
RN S R Y S B A A L A Ak T A T R A T
S T2 T & 2 MR & b i Y 0 I A e



2002 F 12 &

WA KAMEPHFBEEZSHRERA - 45 -

A 3BE G B IR A A 2
2.5 BRERER

Moy Bt R 2 A4S, AT 46 R N BE , 2R
REFEAR | L2 BN S R AR
TEKAEH N P &AM, B 5 Mg (MF) .
B (UF) BT (D) LB 47 (ED) (4438 (NF) Rl 2
#H(RO) BB K (PV) (M) %, H ¥, RO,
NF AR HAGIATEH

RO T AR Y R AL 32 22 3% i /K A 7K IR
PV R M DL oAt J7 B b BB IR A 0 SR 21 it
SR AL FE) BT H 2 £ RO 3B AL EIR TG K, K
B 18 925 m’/d, A B AR 0.254 £ 50/m’, B MK K
FUIR BRI K bR o RO 368 T H R K AL,
5 k3 000 mg/L A 63 mg/L. T 3.5 mg/L. &AL
B 16 ~ 23 mg/L (5% H K &b B E 4 0 KK R,

NF $i AR 72 H | 5 B SR R R 2
— AT TRV A2 R A S AL R R
IR R R R, WK R A NF X iRy 7K #E 47
Ab R BRI T T B K R GEG Tu A AR SURT O A
FLT AR 2R 80 T EIT-, fHE R ROLE
JE RO 1 NF 4 55 R 40 3 B 3% I W, © 1994 4F
IBAT LASK 7K B 34 18] i ik 959 21

R BE— 25 4R v R W] R R T A A R
FAFRIL L | B G A A R A0 % T 45 4 RO 0 A , A i
FBE g 7K G B L T R R A AR AL B

3 AEEERHBREREEAR

IEBRAE A — R B AR, b
BA—EMERROER, 845 NI, LFEEML
230 R 0 AT R SR AR K A B 5 9 7K AL 3
B HIK A R KB 2 M AR . AR
AOPs, B {4k Ak 1 . SCWO . 8 75 U [ i 350 AR 25 5
br b #RE AL E IR S F BB VIR E AR,
WHEFEARBFERMUT SHFRZLLR ATLHE
TR HZ SN, BT PR R MBLIE R, s G
T B BRI e, Wttt Sk e, B,
R K AL R R B SERE, T AT R R B R R T
EREHEAR T HEE, WFEEEGREOHA, X
A ST s NP B S i e e SR A o A

H AT AR &% (7K AL B A 5 30 S B 3R (PE-
SA) IR KA Z B8 (PASP) F1 U % B & 1 3k (THPS) .
PASP J& 52 ¥ 2 0 AR s & T A i s ) i — AR AR
Yy oy 1, BOA L R 04 B IR PR BB R R AF A AT A )
fifPE, AT LIAE 4 CaCO; ., CaSO,  BaSO, # Caz (PO, ), ¥

BHIE SR F TR A1 K A0 28 R K Ak 3 ik 8
5 F N 28 SR U, 3 W] DAV 82 b 50 180 1 o L, 41
R A & P R AL E R R b2 -2, PESA
HTHE ARRGEM , WY AR A P RE B R AL T
ATMP 71 HEDP <5 B350 , 36 1 3 s (8 oo K R, T
FATHREBEMELRE BHREHRE>-Y], TH-
PS B —Ff il 0 RN, MR R, T
PMTFHREREEESEURX AL H 038 )2
R T HIK R S8 F i K AL R4 H . Abright
& Wilson 2 T 2% ] THPS JF &4 8% ) WEB HIK &
G5 WP R G R H KB HE R 10° cfu/ml
(R Z T TEIE L) B IR k-

GO AL 2 IE 78 BB B YE K AL B 2 R Fn e R &
JRJT ) o W] Ay N AR, B TR T A A W 4y R R
TR BB R T AR BIE A, A2 BRI Ak 2 ) o TR 3 5
B —-AEERN, F b, 0K 40 35 R % 5
B2 3 DR ARG T bR e it AT AW
Befgvedr (o A ViR ) . RIRG A= mE L,
B B ETE T2 8 IR0 8 8 iV 2ROk A3 24
AR A SRR A ML B S R LB R
NIHRIRGE RS MILRY, b T AGEX B o] A Yy
fRPER RN E TR 822 75 0¥y, KAL 3
A7 Ml THT 1 B4 ™ IR Bk SR 2, 0 S P 58 7T & 5
REAT, SCRET /2 P A= ) e A vk SR A9 7K AL B3, 48
TR AL B b A AR B BT A

4 FHEHEAR

AR AR R FHIGHEZT L. FHT5
IR A B AR DL S oAb 2 O S A BT A&, g
i £ i A1 i) o R A 4 9 e 7 A B R B BB e
R B JEE 1 R AN B e DR K 5 B BT R AR T
21 4K Ab FRE AR A & R O 1k 100

TEH Ve HK FHEIS B B IF 4R T 20 4
70 AR, KBRS K, R IEEEKIEH R HKR ARG
WRAE— AR AE 5 ML B, B k310, MRS
CREIFHG . EABTTIT R B BEOR 5 FH G 1
R H] s A AR SR R K RPOK R T e oK A5
K SRR GRS HETS K L RE W HETE K SF K HE
B, ST BT P00 R IS B Y B
FIRAEFEAT o S8 [ I & 10 B K B 405 AR AT A
VR K Ak B 89K R 328 R FH K s o I R TS

T ARG R A BRI B R 9 4
B BT R ERHT R 2, SORTERE K, BHIFIEA
=, 5 H AT B ik A o HIX SR E R L



.46.

T

2522 %25 12 |

VU, T HETS HORA AT I BR {5 3¢, 0 AT R 19
TR BT, R A R 22 BR P 1 7K T R 8 A K T e [
HA 5 B R R X

&% 0k

(1] BBAr T80, BN SR b 15 20 (I 40 /K 40 PRR] 2 it MR I
[J]. 35 TH,2000,18(2) :22
(2] gEZAE, SRS, BN . R AR R AL SR [T]. Tk 4k #1,
2000,20(3F]) . 26
(3] AW, sk ot , T 58 & SR K L AL A I 5 [J] . SR 358 1
,2002,20(88F)) .79
[4] Glaze W H. Drinking-water treatment with ozone[ J] . Environ Sci Tech-
nol, 1987,21(3) :224 ~ 230
[5] Fujishima A, Honda K. Flectrochemical photolysis of water at a semi-
conductor electode[ J] . Nature, 1972,238:37 ~ 38
[6] Ollis D F, Al-Ekabi H. Photocatalytic purification and treatment of water
and air[ M] . Amsterdam: Elsevier, 1993 .789
[7] e, DURY) 1 Ak S A TR A BB PR K I W55 (D], BR
15,2002, 20 (4 ) : 55
[8] Vlyssides A G, Papaioannou D, Toizidoy M, et al. Testing an electro-
chemical method for treatment of textile dye wastewater[ J] . Waste Man-
agement ,2000,20(7) : 569
[9] Gloyna E F, i I, Brayer R N. Engineering aspects of supercritical water
oxidation[ J] . Water Sci Tech,1994,9:1 ~ 10
[10] Sealock I. J, Elliott D C,Baker F. G, et al. Chemical processing in high-
pressure aqueous environments. 1. Historical perspective and continuing
developments[J].Tnd Fng Chem Res, 1993,32:1535 ~ 1541
1] B, T, RA A, & B K Sk 1 4 B i 5 K
[J]. R85 7 4L 585374 ,2001,23(2) :56 ~ 58
12] MG, 240, B A& 2, 0BG A S A 2 8 A A ) () T 5
[J]. AR RHETE ,2000,13(2) :1~ 2,54
[ 13] Kotronarou A . Ultrasonic irradiation of p-nitrophenol in aqueous solution
[7].Phys Chem,1991,95:3630 ~ 3638
[14] Inez Hua.Sonolytic hydrolysis of p-nitriphenol in a parallel-plate near-
field acoustical processor[J]. Environ Sci Technol, 1995,29:2790 ~
2796

[ 15] Christian Petrier. Ultrasound and environment : Sonochemical degradation

of chloroaromatic derivatives[ J]. Environ Sci Technol, 1998, 32: 1316

~ 1318

[16] Kotronarou A .Decomposition of parathion in aqueous solution by ultra-
sonic irradiation[ J] . Environ Sei Technol , 1992,26:260 ~ 262

[17] Kotronarou A.Oxidation of hydrogen sulfide in aqueous solution by ul-

trasonic irradiation[ J] . Environ Sei Technol, 1992,26:2420 ~ 2428

BN, sems A, 21 A K AL BT kR 4 (1] R R

1, 1998,16(6) :68

[19] S, 28 UM, A A0 BB R T 00l M oK b S0 SR A B o
[1]. gk 4438 ,2001,11(3):5~8,18

[18

[}

[20] Masson M, Deans G.Membrane [iltration and reverse osmosis purifica-
tion of sewage : Secondary effluent for reuse at Eraring power station[ J] .
Desalination, 1996,106(1 ~3) : 11 ~ 15

[21] Rautenbach R,Linn T Eilers. Treatment of severely contaminated waste
water by a combination of RO, high-pressure RO and NF:Potential and
limits of the process[J].J Membr Sci,2000,174(2) :231 ~ 241

[22] B4, TR BN SR A4 Yoy T RN R JR I A R R
B4R o g p9 7T (1] Tk 404,200, 21(1) :17 ~ 20

[23] Koskan Larry P, Low Kim C. Polyaspartic acids as a calcium sulfate and
a barium sulfate inhibitor[ P].US,5116513.1991-03-19

[24] Koskan Larry P,Low Kim C. Polyaspartic acids as a calcium carbonate
and a calcium phophate inhibitor[ P].US,5152902.1991-03-19

[25] BB e, BRI, JA b, 56 4% 10 | G 700 58 36 SR B2 TH IR $A 10 & IR
[J]. Tk 4b#7,1999,19(3) : 11 ~ 13

[26] Mc Giffney Gregory J. Method of controlling scale formation in brine
concentration and evaporation syslem[ P].US,5866011.1997-04-30

[27] Brown J Michael , McDowell John F, Chang Kin-Tai. Method of control-
ling scale formation in aqueous system[P] .US,5147555.1991-07-30

[28] Talbot D R E,Downward B I.. Tetrakishydroxymethyl phosphonium sul-
fate( THPS ), a new, environmentally benign biocide for cooling water
system[ A].In:The 59th annual meeting international water conference
[C]. Pittsburgh:: Pittshurgh University, 1998.561 ~ 568

[29] BLHI, fok, R 21 ALK AL BIUL R R AR5 [T]. 10k
K AL ,2000,20(3) 1 ~ 3

[30] W), fe A7  BOKH 4 BB A BOAR IM] L b A2 10l AR
#:,20020

T e S S e P

3R AL AT A 2003 = (1L L HF B )

(RTHBHEDQ T 93 £, AFEALTHEEF
DEMICTHRBEENY . FERBEENIFELZRM
ETETF & BB A B 5 0 5 1k AR sl R Fh D BB 10 SE 4L T8
BB 5T I R HEAR QB A TR i R AT LT 5 3h
KR EBEE,

G THBHMI N AT, K 16 F., B TS 1SSV
1006-3536, [E N TS : CN 11-2357/TQ, & P & #: 10 JC/8,
120 TB/4F . B KR L5 :82-816, 4 [F & Hu Mk J5 £ 7] 37 19 &%

T RBRERITH,
ModEJEREEEITANNRA S35 BB 4%:100029
B 3%:(010)64437113  64444093-843 844,845,846
& H:(010)64444086

E-mail: g-1inl @ mail . encic . gov . en

FRAT RGEBHZGFE

A &2t hEREEE ﬁﬂtﬁlﬁﬁ YR

M = :230101040001610

e e e e e A e e s



