R

R

WE: ACUGPRBEGME (AKE%) el ERWEREREBR Y
WRXS, FWIFHAERETL PRI CUIRRGE SRR G A & 781k,
FAREHERAEOEREEES BN, $ERETRERSHEITREL,
FE—FEERBEMEEE 1), HE—DRAEIREENE RS ARG
2). SKIE SEXFTER MUK PTH & R IS EAT RIE, BEARM L RERS
AR, BEFRTEMSE, X HEERTRE, X HETHUR X HLmrae
EATE. BRI, SKEBRPEEKENH Fe0, AMMIBILE, FKERA
H-FIRGEER TR, Hp i F A, TR Fe0 ABMBILE . FTHI%
MIFERSERMIEDR, 5WE 1 HERE 2 RERANHRIRAZDMIAES
. WG 1 EUENEHEE, EWE 2 PUERESHEE. BARES, £
PR A RS RBER AL,

AT T AR PN, SR AT T AKX Z KM iR
PRYERERIME 1| EWAE 2 HBRRH (EEXY, KK 5ZREKE (PBDEs)
HIRRMRIOTERE. AREY, dTHLENSEE, FRKPRMBHEIK, K32,
4 ZHEMERRRERLE, BHTRRMFE, 2, + ZHAEMBBTER.
AREAKKMEE, R 1 100 R TRIEECAE, LB RIVELE
RIGKERST 2, 4-ZEMMERT SR NETHE; ERNARF, BHZE
B, 2-5), 4-FEREREEIHER. AT R PREARENFEYE, XELE
RIZUREEAT T SRS R, SR THEARRAM Pd/Fe, HFITHEX 2, 42K
EMERREIER, SRKRY, PdFe HARENENE, RBEFUAEN 2, 42X
BT . 2, 4 ZHEMOERNIKRKNRME UL LN FEEEFTX.

TR ER RS TGRSR HHE, Fril&aiE 1 SRS 2 Xt BDEyy M
BAYEBFERFRERMR: WTEENE 1 PUELSHFE, EWE 2 PR
PLRRAFFLE, HX BDExoo ERIFMIERER AR, W5 1 MFRFEIERELLR S 2 1Y
BREAE . BRWEXFEROBERE (HEXL, RE BUHEREFN
EBRBER, EXREAMHT, BEEHNNKEBER, BARBRNEE. £25HE
i — FOEB A ORI, BERE ERWRR AR, BRYA.

X gk 2, 425 R: B R
GRS



ABSTRACT

ABSTRACT

ABSTRACT: Nanoscale-iron and chelated resin were chosen as the functional
materials in this paper, discussion of their application feasibility in water treatment was
made. With polyacrolein-isonicotinic acid hydrazone resin as functional polymer
support, a chelating resin catalyst containing palladium (Resinl) had been prepared by
selective chemical bonding of its functional groups with noble metals. The resin was
then further transformed to its reductive form (Resin2) through the in-situ reduction
reaction on the polymer. The chosen functional materials were characterized by N,
absorption BET specific area, Transmission Electron Microscope (TEM), X-Ray
Diffraction (XRD) and X-ray Photoelectron Spectroscopy (XPS). According to the
characterization results, nanoscale-iron particles contained abundant Fe;O; as
passivation layers. It was predominantly made up of Fe;O4 as the passivating layers,
while the core mainly consists of Fe’. Compared with Resin1, Resin2 had larger specific
area and smaller pore size and pore volume. Palladium was loaded on Resinl as
oxidation state, and reductive state on Resin2.

To make sure that nanoscale iron, Resinl and Resin2 can be used in water
treatment field, experiments that the degradation of 2, 4-dichlorophenol (2, 4-DCP) by
nanoscale-iron and degradation of azo dyes and PBDEs by chelating resins were made.
The experimental results showed that the activity of nanoscale-iron was very low, there
was no degradation occurred, the removal of 2, 4-DCP was mainly caused by adsorption
and the removal rate is very low. To improve its reactivity, nanoscale-iron was treated
by 1:100 HCI. The dechlorination behaviors of 2, 4-DCP by HCI treated nanoscale-iron
particles fit the pseudo-first-order reaction very well. 2-chlrophenol (2-CP),
4-chlorophenol (4-CP) and phenol were found to coexist in the solution as the daughter
products during the reaction process. To further improve the activity of nanoscale-iron,
modification of iron particles with palladium solution was carried out. It was found that
Pd/Fe had great activity, 2, 4-DCP can be degraded by Pd/Fe easily and the degradation
rate of 2, 4-DCP had relationship with the load rate of palladium and the dose of
nanoscale-iron. The removal rate of 2, 4-DCP by palladized nanoscale-iron almost
reached to 99%. Dechlorination was the main reaction pathway of 2, 4-DCP degradation
by HCI treated nanoscale-iron and Pd/Fe, and phenol was the major product.

The degradation properties of Resinl and Resin2 toward Polybrominated Diphenyl
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Ethers (PBDEs) and azo dyes were then investigated. The experiment results show that
both the two palladium-loaded resins had the ability to degradate PBDEs in the water
solution, bromide ions (Br’) are detected in the debromination experiment of the two
resins with PBDEg9, and Resinl had greater debromination ability. They can be able to
degrade azo dyes with good effect. There were byproducts such as aniline and esters
detected by GC-MS.

KEYWORDS: nanoscale-iron, 2, 4-Dichlorophnel, degradation, dechlorophnel
CLASSNO:

viii
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i, FAAEEENSE/ MR A ERREAENE TR ES TRIEK
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1.1 SME# R BIE X

1992 4, HAZRFKZEM AR —RHHFEHE(Ecomaterials) FEE, %A
i 3JZ 3¢ Environment Conscious Materials 8% Ecological Materials 5 M. {5 H
REME LA R/ MMAEFHENR KK AR HRIOME. fikh, 3F
BAEE =AMF A, BISEEEYE(Frontier), MRS YE 4T IE M (Amenity). MTATHE
BREMAKEEER, WMRREITRAS, RERPIAEFENERABLER AR
F e EL AT Ak D X PR IR A A FERIR 3%, GBI AR AR A B4 R o R B AN R R
Bres e Ba, FFRAEFHR, o A8 R Y TRIR A8 1 B ShRe A L AN
A AECE YR, WMEES R LR ERSE, BETRETHRE, XEXEM
R ERTCUE RIS T HRBIE, HXTERBEES T ME. Eik, EHEIAN,
HIEM B E CAMEE R £ EHERRRE, EEFREHERESK
BEWEREAEDN, BEMHESNEA SAFHMME. XEMRYRERA
FYREMAEALRRES . BEEEXTES R ERX SRR E AR,
RIAMHENRE, EEAUNRTXNARAEENNEE, BRS R T 05
B FEEIAME

KABRBEMEZKRERPOEEFEME, EKREREPRIEEEE
fEH, RABIEMBAEEFASE, KFEREME R BEESMBIREKIE
RGP ERAFE R, FEUSKREZRNAARERWN RIEEEEER.
HRELH RIKAEN A FEE, BRIHRA R SR & NEEHTT K
BHUIR, B TRRMEHRE. HEARLSNBEEROARLE, KEEG
piaFEREL, BHRFRERY, FERPIARBATEHFEEMERIGEK
.

KSR ERARR, BAEHBNKREEEME XES. BEFME.
uEREL. WA R BT AR B BA R, SRR AR RAEIA K
BRI EREAOE DR KB RELERGE AR E, WERME. BEE
LA AEER, RESHEIYNBHEEBRIEME, MRk k5%, £
MR R VBRI A R — A, A b B BT IR B b R 2275 K R R WL AN
BREYF, BESKPEREESRE, WALKETBER, RESBTHELLR
ZihE. FEANARBRERETSHRKES TR, 8. BAEANEEY



JESTE A B -2 AR 3L

BK, #RREERERBRAEE.

GORM R TSR RRERGLCEE RARLEUERNAENY. 248
B, TR 80 RMAHAEY, ALK FRIaIENR. RTR. A
VLR, Bkl WEITRE. BUUERL. HTR. ZIFMEY. KX, ML X
BN, R AMEIR AR SR BT LR B, BREE. Bifs.
Wik, @K CO, F1 H,0, BEBMRMARHIER. DkmasTHEHTREER
W B, FEKAEDRBRSTZAONAH, FINLEESRKERENEK, LR
2 B R A DTS K

1.2 GRSk A R R EL AL g (LI RY IR R iR S 3K

20 t42 80 M, FEFIEK Sweeny HIXKIRE T A& BEEEERIEHIEN
HEW, MNEHNIAFEEPERRKLEENRNERITFE. TTEMN
Grillham #1 O’Hannesin #2tH & BB LR T B KR RAEE LSk, FBRHS.
M, BANLELE, ENEREKULNEEEREEFI AU HIEREBK
BB — AN EF SR U

20 42 80 FEARAK LR, BHr-& B —FH BHINE L7 FIEH Z B AN
XKiE, REFMAZNEBERBRENMIUYOAR, BERBELR. RN3IH%E.
EREE. NALREHETZIFR. ATERNMESE, FURLAETRK KNS
BEMIEPEPEEE (permeable reactive barriers) MERBEI T ZHNAH. BL, &
HrekE BB NN =8ZH (trichloroethylene, TCE) #IF=¥—&(Z. 4 (vinyl
chloride, VC), HEBHAIAEILIRZEYT IR, BAECIESRREER. AHLENAS
EZ KRR VC BARKAM YIRS HIRKE IR EE -

EEAHARIR, HKREBEBRER L HAREGT LY, AARRXE
RN BAURSEAD, —R 1~100nm, T TFKAEE R ES, HERES
KR ESERT. ERTREHTH T KN ERERNBEMARIER.



( o Imject rl
[_“L‘ anug (m
___________ - | T sttt T RSP S [ .
|
] Fransf n ol
vl Fertil . NOY)
Y
DecMorination of Organic il ’L‘ * |
Selvent (e.g.. CCL. CC) o=
i E o Twmmolalication of i
Detoxification of Pesiticides Metals (e.2.. Ur. Ha, Ash

{e.g.. Lindane, DY)

B 1-1 gORBR BB H it KRB
Figl-1 Nanoscale particles iron for in situ remediation

Wei-xian Zhangflif T 4K MR B T 2530 TR0, w11
Frmse TARM, AKKEABIER—RIIERNISRY), WESR. NOy. HEE
FNEKY. ANARANHELERULEYSE.

FIH F BAUBERELNETREESNCHNA, BREE F FaeBET
Kep, HHATERZEROBT R, REEEZISEROMTKARMY, §
THRREMNEY, RERAKNETER GXREEERI B, RE
EZERKAERPRBERRYEER, SKELEME, KPERIEERR %,
EHMEE T ERARE, MAKKBRREZ DT 100nm, BT EREGR, T
RAETHHPIF AW LIZD), PLVIEERNSRE, FFEKEAT2E
Repkdk. LIEMEKZMEMB R, R EERTAZE RO EN R,
MAFRBREFRRI M, 2—Fatr. MBMEEER, FMENHAEEX,
TR SR PE R SR R IR 0K B TNE A SLARET M SR IR R R <H 2
AT B ARG RS B RE AR B A0 B R A, T LA B8 2 Ok TR () SIS 3 1
SERR, DI AE S AT LTS S AL T I 280 44 WP T i A s 0K

H i ) P 9K BB B A L LI RR R 2 28012, BERXT 2 B 5
A, FEE. FUHFRNZENDE. HERRY—Bh F B A m 4
WEY. T I1-1 5T RRRAKRBRE AR E WA S Y.

R 1-1 REBENKBRRR AR W15 e

Tablel-1 Common environmental contaminants that can be transformed by nanosacle iton
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Contaminants

Chlorinated methanes Carbon tetrachloride(CCly),
Chloroform(CHCl;),dichloromethane(CH,Cl,)
Chloromethane(CH;Cl)

Chlorinated phenols o-chlorophenol(C¢HsClO)
m-chlorophenol(C¢HsClO)
p- chlorophenol(CsHsCl0)
2,4-dichlorophnol(C¢H4Cl1,0)
Pentachlorophenol(C¢HCl50)

Chlorinated ethenes tetrachloroethene(C,Cly)
Trichloroethene(C,HCls)
cis-dichlororthene(C,H,Cly)
cis-dichlororthene(C,H,Cl,)
1,1- dichlororthene(C,H,Cl,)
Vinyl chloride(C,H,Cl)

PCBs

HRBEMRFR, HER. JATER. (RAME. TRBEURAN
REMERFEEEE T KBMATIR.

1.3 57 FEERIE

EAWERREAERRYRBAER S TUSYNEGHERLE, EHEMEX
BRAKMELEY. ERENSIEE T HIKE R P LE 2 R b 43 5 3L L4 2 B
FrbLee, BN, B—HEZNIEATR: [N, EERESESEETE &
ERARFHRAMEAL L. B %t FHit, EXREZMNEUTIMSGES
BT

B AW IR AL AT IR AT SRR F R LA 4y K. AIEARCALR 7T
FEXZEH: O.N. S\ Py As%E, Hd, 5 0. N, SERTHEASHERERL.
—FEENESHENEFUTLTESE: D fEgl: 2) EBRHTHE
&; 3) REFMNBGRRE; 4 KRB NENR-GRI, S8 5) 24T
wREA, BERRARK, K¥E: ) aRITEMER, RAK: 7) =Rk
BRI R WA AT FREES.

BAEWREX SRS T AR R T ERR TR ANSH (BIEHMAL

4
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e, FR, THPHZES FEAREHNEWH. 75, WIRRSERKHE,
R MEE. MESTERRMEOFTEELZW: ZaMENTHRERTE
NRTHEETESERNS . HRMHEURMITALERE. Fik, ReR
EPARMDRESERRSNERMASEN EERRZ, . NEE. WAL
HEPBEEMERE, REMETE. BRLENEERESHIENE. HEE,
AUREH RESEEFRXRAR. Ak, sTLURA S. N BRI R AT
RYNRAT R EE X CH IR IR SAT I E B, NTREMIIMERIIRES &
BAWBR N EREAERM S EERN AR —8kE, EEWIEN
SREFHRM. BIEELLRIE. S25E, BaMIExT &85 1R EE
BEIWEALASRBE TR UL R, FHiit, 7@ sEM R4l
KR ERS) S EMERE . WRA KL G EHE I A FLE & RS SR 24 W fe TR
BZEM BRI RILBIRE MM IEE . 55, BEAWIEME) HZ SRR
FFKEE R, XRLEFKEZEMNZESMAETEDFIAE SR KERE, W:
-SO;H, -NH, %R HFKEMRE IS NFERE: BEEMIBMTNERRE 2
REtEREm — N EEiER. EEEZWIERANTBREEZN. —RELT, TBHE
WK, WREPUBERE R, BRKERN, MERNHL e, thmEkkesE, 3)
HEWRERS TR, Hit, ZERENTHRENREE. XTXBSHAELE
ZEIMKRR, BEF—EXEIER. Hoh, XFREEEXR R GERES)
It A8 5 SRR

HTFEEREERARERATHUETENSE. KENEEPRFTLEL
ek gtE, EmLERESHERERR. B, FXESREMRHESM
REFAZ: RITHNERHNEERERBEREDIEHE A, T CEME
BEATALE S F DR M AR RO M B 420, RPRAEFRIRPHZE, R & ARG A0 TR B
MG, HENENREEENLEREEURRSHEIMEES, T
RAE A A RBEARAE. B2, ZAWENTRENEGHR. NHRE
MER=FEAEIRRE. XTEESRENER. MARKEMNE, K. @K
P, EAELAK Calmon EFEEHIT IR,
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2 REMBETE
2.1 FEMBENEH

2.1.1 R

BAMKEN CHREARRPKERP LR, BB (99.9%, BEZE
FLFERAFERAF); 2, 4-Z5 KR (irat, EZERLERTERAE);
HE (EREAT); X nEYRER (FEVERSERR); FE (—%E6
o, BRBUEEIE LA, Fisher, XE): HERRBRLFK (HIGIREAFR AT,
GF/F BT 4 8 (Whatman A ®], 2B, fFLERE (Amicon, %£H), Parafilm
HOB, 8K, kS BIEEE (8200, Millipore, FKE); BRBKEE; BE
LR, HERKRL.

2.1.2 SR ER

bR R LB AT E X (ASAP-2000, Micromeritics, 3 ); D/Max-RC
RIX-HEATH LN (Rigakur 7], HZA); EDXAEIE{X (EDX, £H) ; &E#A
HE O (BeckmanA 7], EHE); SROBAHEIEN (Waters Co.), Cigfaifhfl(Waters
Co.); EHHTEMH (S-570, HitachiA®), FAZAD; PHIQuantera SXM EIX4}4%
Yo FAEE{L (ULVAC-PH INC); J&F /1 B4 (Digital Instruments, Santa Barbara,
CA): ICP-OES ULTIMAREBAEB T HFERH MIEN (Jobin Yuon Emission,
Horiba &£, EE); BOLhiE 5 ¥r (Mastersizeer-2000, Malvern Co., %[ ); Zeta
BRI EA (Zetasizer-2000, Malvern Instruments Co., [H); B3l EN
(665-Dosimat, Metrohm, ¥it); HE#KFGH (HZQ-CERBEEKHH); MEM
RERRL (STA 409 PC/PG, NETZSCH, #H); 3 EME (S-3000N,
Hitachi, HZA); (B3 22l 4h K% {1 (Nexus670, Nicolet, USA); WiJifiitas
(90-2 1HBHEAHER); BFEIEN (861, Metrohm,Fit); UV-8500%5h/a] I,
A¥eE T (LBREATD;

2.2 HRERIBUIERRY S 4T

221 BETHEERME



LRME ST

FER T 45°CT42 3h J5, BB ASAP-2000 R bb % 1 K AL 4 A4l 52 A4k 8
TRE. ZERRZ AR R E YT 120C T 1 /M, REMARER, BRY
5e7F O0CTHIALIE 1 /M, 7E 350°C FHALER 3 /M, SREFATHHTIIE.

222 MESHBMZE

18 FE B 6 BT 5O B AU B SR AR BRI A . BRI BHORES,
WEAKP, BEFHEAE, EZ2H958, TEOLLHSH SROCHLE T3 il
5E o

2.2.3 REEBIXFLLBEIE A (EDXD

XS B8 UEDX) AT T M B IX L F Ry, B—MTEBEE B CHR
SR, RIRFEX HEMBERMBREMERHELESEBMNER.

BB T EHIRE, B84, TSEM-EDXUHriil, iR ka®
HLTRTE.

224 BSHBRERHFAM (TEM)

EERFMAZE, #ETESAXEES, EFAREITH. FEERIE
P LR, AR BRI T BT,

2.2.5 BALHESE

M E R AN RO —HEEH1E, MREAHE, REBAALL
o R TR HACER T S5 A0 T LUIR I BB R 0 IR AT R R, X S )R B i
eAFE (R, WRUTIES) MIAMEEEM. AXUMKEARANER, 3t
HBATT IR E SRR M ERFBALEE.

FEIERERFS, BRI 0.8g 4KEk T 150mL F=MET, EEZHED
80mL, MINFBMAKKT=MMP, THEEHEKLEY 60h HOHE,
B EEBEAT . 1/ 0.1molV/L i HCI #1TH €, WEZL S pHEDMT 2. ¥
AP, gRgBmE—EARSIFHITHE, WE CO, HEFKKRFRIZ
K&



AT KB A AR X

FERGELR P, HoE 150mL ZHMP A 0.8g 4K Bh, £ 8 A E 80mL,
1/ HNO; %7 pH {8i=2, &K LR 60 h £ pH EifaE, RE T HIREZ HALR
PRI . BILEHAKRBMBEL, EHEBENSEZA, URENLH
WE. FEFREFEHRAMEN L o.1 mL/min fFIE RN NaOH R, 8
M pH EXT 10.50. BAMHESRED, HXRGBMmB—HERSHHEE, UE
ith CO,, fEHRIRE.

4% ECB(Gran plot)i% (Stumm %, 1970; Du %, 1997) ATLLHiES Y BAL(V)
FEFMARER, WML E SRR RN BKE, Fhest—EREm
K RAALIKE H EBREMBIEX IS Gran {E(G)5 5 H A RQ-DA(2-2) FR:

BtE—W: G=F,+V,,+V,) 10" @2-1)

WE—W: G=(V, +V,, +V,)-10703%#) 2-2)

Vo RANEEIGEFBAIAIR (mL), Vir B Ve BN E ST K BT 14
B (mL)e Ve M Vo RAERERE—WRARAE—W, @BidgkitRng 583
FIIABEI AR (mL). HEXEPaTUEY, REESHES, MAH OH KK
=AM BIRAL: 5REEHEF LIS H RV, LT, 5REA R EE T
YR R (Ve B Ve Z18)), PEALFIE OHEY pH E(Ve 2J5). Eilk v, F1
Ve TN R B R R MM F S (ZPC)RVE X4 mi . B E A LT R B IK
FE(TOTH)RI R A T AMEH
-V, +7v,)-C,
V+v,+v,)

AH Co HMABHIKE . & ZPC KR IE, BEREEHFEACELH ST
FITEQL M AEE. 534, EEHEA L, FIAREMHENFTTFEMHR)Y:

Hy = [TOTH—IO‘PH +10” Py "’H)]x(vo +Vyp+t,) (2-4)

KA, kwREKHEFR.

KBRS HTFRABHYORELES, REGKE Hs B— I EE
S8, Ho TLVE LSRR ITENE, HREAELERERRK, BT#%E H
WHARSHOE RO B OATENE . FEFEABRERE Hs. MRS A
REBRBUETABBRE —ENENEESH, RURBYTEE—LEBRSY, T
MEREERTARAEER, BEREH—SES RSN S WER G ENT
&R OH . B ASCE A RRYE LiFH oyl E = ARt SR Es Y Hs.
X RETT I G R B R o L (BN A2 B B e i R T B IR R B R
BOSBEAN EER) TS & AT EEREHENETE. FAYERRE MK
& Hs nask (2-5) Fiaw:

TOTH = (2-3)
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(Vel "Vel)’CB _(VeZ "Vel )'CB

H =

, 7 @5)

2.2.6 X-514178F (XRD)

D/ Max-RC & X-S &R UK K P RA T B4, BRiAEA
5-100 &, AT ANELM, FTH &R Cu i, 40KV, 40mA, K 0.0330
.

2.2.7X Ste& KB FREE (XPS)

3 F PHI Quantera SXM B! X H &G FREBAGHITRIE, KA MH: Bir
(284.8¢V), KFH M AR, &R ALBHIRE, BEESHEN 0.5¢V, FHE 3M CPS,
4y 45°, X 43K 9um-1.5mm?, ST EETE 6.7x10°Pa.

W& AHE ACKR, R 1ximm?, BEEZRLA 220m/min, BEEHR
500.0V, &5t A 20mA.

227 MARBHREFHEREINM (AFM)

FEF I ERHETUERME S ARKH B RGN . R KK THEE A E
HEBKBESR, FOBES, BROTFENZBRFBEANKEKEFRD, €
EEEGERLES, R ONEER, AEBETKER BANTEH AFM
S .

2.2.8 YKL D EERET

KRN —EBH MK T=MRT, EEETH, ERNBE, T555
B M- BT IR BE . 43 5I7E 7 2min, S5min, 10min, 15min, 20min,
30min, 40min BXFE. HUETRIEIE A Hr 53 e RE .

¥R =Rk e#E, EAR B HERMRCE. DO B 5514
Omin, 5Smin, 10min, 15min, 20min, 25min, 30min, 35min, 40min, 45min, 50min,
55min, 60min, 80min. AR IREKIZS P =FAKERHIFLELE.
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2.3 BER R AR SRR B R R L 1 B

2.3.1 &Ooph g4 (R
YAMCGERS BN EER, BEBIYRIMEETE. LR FHLAH

Kkt =M AR B REFA . RA KBr [EF 75 20 2 Bl & L e
ahMER.

232 BERESHF (TG-DTG)

AT TREMEEHAREE, LRMEFITTRESZERIN. HSRER
S58S5FHSATHTRM, FBEE 10C/min, MBYFH ALO; #H17;

2.3.3 BET LEZEFARAIME
B K AT E T ik,

234 HEBFREHERN S (SEM)

KARWHBTEWERP=FWIERER. §AERRK EHATHE, H
T b, REHTHM.

2.3.5 X 5141781 9 #R(XRD)

AT TREAPWIEHISHFE, MILHITT X FERATFHRIE, LR &M4
BE YK XRD RALFA

24 LIHHE

241 WARSKEELER

WP LR, BEREAREBESFERK 15%LEG, BRETEH
KE&piemant g B o s AL EBAER. SRR 1158, 23g 5 3.45g KT



SRR LTk

=S, MAGEEE 1. 100 BERRER, RETH 3SR LR 1 /M,
R FERUE, FRAKERZ IR, UEREBIANEEF, IWEFEEEZE 200mL.
B 55k Sg/L. 10g/L. 15g/L.

242 MAKKHHTORILLE

EEAL G A KRB IMA—E BN ZMEFR, RETHENESBER
R/, JRIEFAKILG, BEIAMBEFEBER. HFRIERETHENS R,
DoE R BB ARENKE L.

RIBERE, MARRBIEER. E£HREEDFH0.01%50.02%. 7
XEERRRELEE T, Hi# N E X 50mg, 100mg5150mg%k 4T B9 R M .

2.4.3 WMKEIERR2, 4-—SEEIRYTIE

FREL 50mg. 100mg. 150mg MK TH AT, 250N 20mLSppm M
2, &ZHEMER, . BTERRESGR LR, ¥&EX 1500/min, 47K
0.5d+ 1d. 2d. 3d. 4d. 5d 6d 5 7d, TEMEMIRTZIBEE, AREHEAT B4 S EL
EERTEBEAGENRN 2, +-ZE8ERNERERERSEIN L RIER .
R T FATEE ALK

B 10mL R A KIS LR SR S B R F RS, U5 A 10mLsppm 2,
A ZEERMER, FH. ETEREYSR LR, ¥EH 150/min, 55K 0.5h,
lh. 2h. 4h. 6h. 8h. 10 5 12h, 7EHUER RINEE, FRBGRARGEREN 2,
A" EHEMNEREEBERS YN ESER. ANETETEEaLR. EhE
BN kI & 251 50mg. 100mg F1 150mg.

B 10mL FEH ALK E BB TESES, K5 MA 10mL5ppm
B2, 4-ZEEMBE, FH. BTEEREZSE ERMN, ##E8 150/min, 75K
% 0.5h. 1h. 2h. 4h. 6h. 8h. 10 55 12h, ZEHUER I, FRRBeRAHEEX
AR 2, 4-ZE A EREBERSFINERBR. ANETHTEEA%
. ELEFRBEMPKER MRS 5 A S0mg. 100mg R 150mg.

Waters B 80RA@IE, KA 2487 B TIAS, 1525 BEE R, C'"® (ilkht,
WEAHEC L A R K=70: 30, RIBEKAH 280nm, F3)ikt.

2.5 EE-RAGE S HEEERRAS LT A&



FERE N F LA 3T

25.1 BRAGEFIEE RS &

A) HIEWHRE-ELEG-—LRE=THREME, KABHESIRBELR
Ehe, WHLEMAFERBATIEA, PREBILN, EELBUT:

a) %48 600mL 7Kit, WA 5.0-6.0g i€¥}, 100.0-120.0g &iLdl, Hik:: #E
J&» B EEEH S00mL 164 KA: 7E 70%(V%BIARE 40 5 RGBS . 22% 5K 2.4
8% (V%) —ZHER 5% (WHEIAEHHE) SELEFBIILFBMA
120%(V%) F R BILA, Pk, BCRHHUE;

b) F 30-40CF, % 166.7mL HHUAHE VARMKMELGI A 1: 3)IAKAEH
B (HETCRE N 300 #/57), FHEZE 50-60C, B& 8-12 /pit, FHEE 70-80C
M 4-6 /N, FHEZE 80-90°C4L 1-2 /hat, BEIRAY;

o) WREYHIE, BIRMSR, Sk, BHRNEHIE, PERETHR
HFAGRMR, TRENAREE-XLH-ZZHE=TILBEM;

B) ¥ Rt A & R A E T KRB R ENEREE S BRI SS
Rz E S FREERNIIANBHEE-R G- ZEE=u R e s+, I8
LW

d) %8 20.0g MNHE-KIH-— 2B EX =0 RAER AT, A 50-60mL
ZEHK, A 4-5SmL 5KZ.B, fn#k;

e B T N 70-80°C HI-AF 30-34.0g FAHEL A K YA 100-140mL; 70-80°C
MlIfR Y 10-12 /MEF, BRAEHD pH3-4; 38, £K. ZEHE, TREBIRES
B-REB R E SRR

<:>4m0+&N—NH—% \ N

0
K8, PH3-4 . H ﬂ? =
85CEIF10- 12/ “CH=N=N-C— N

B 2-2 RRHEE T ARBEAR i ) & R B 5 FE

Fig 2-2 the reaction equation of the resin

seop (Dro oo 4 TUR TR BB B

252 SERRNEEFEBERNH &



LRMES Tk

LKW KARMEFENRAGE R IEME, BrESE—f
WASAPELRRIER TG 1, SR A8 1| WS LHIT RS 7=, FRIERS 2.
HE&HES BT

PE 1 FREUE B R AR R B RE (B #), A 0.1mol/L 9L %33 0.5h,
EHBEMK, REMAEEN Img/ml MERERE BERER 2.5mgPd/g # D),
T M HSE EHE 2 DAL, BRMEHREETEE, KEARET. R
B, WIS LA ICP-OES TR KR EHIIIE .

WE 2: BB AE 1, A 0.1mol/l K ERERR 8 0.5h, fFH YK, %0 0.1mol/L
9 KBHy, 7E 2h WSS, RIGERMBES B 2 D, BRNE RS
TSR, BRRMAE 1 RERNIEY), RS ERLL ICP-OES #1T
RAESESTRE.

2.6 BIAS 1 SHIEE 2 AOTE MR
2.6.1 BB | 55158 2 3 %5 MR (BDE )Mt IR

SR FI I B 22 IR K ATk 5 0 PR A e B OR PR BLIE . X BIRRE 0.5g Y
=R WAE(BIERMAE, WA 1, WS 2) TR, AR HIA9 % IR KB (BDE;05)
K (21.8mg/L)30mL, BETEREBEHIEZER LES 3 R, BHEEN 1500/min, £E
A 245C; R#ETHTLRANTAXNR, REEKE, FTEONLEELSE,
W EER, ABTFEIENIE LERD S RKEAMRERE RN RS TS E,
3 Fi ICP—OES # il AW s F 5 AL & & .

2.62 WAE1SMAE2IMBARR (RESEEXLD) KGR

AT EH—DRITA T HI & MRS . SR AR RS 1k U0 18 ek
f PR s R R VR A . ECH — @M E R 5 RIE LR KER. B,
EEKRLUMWKER 0.1613g/L; RIEMIWER 0.2264g/L. 2 HBH 0.5g FW S,
EALF 1 SR 2 BURZE BFER 40mL FERIES, A 30ml FiR ERIFIEE
YR . RAVRSMT RRHOE AU R . SHERIES B S BT,
P B 6l & A G i AL U B R B B R R R i — B0 TR FHEEBERKLE
% 3 KRG, BOaE. KA 721 RSN 0608 T I R R B 5 {8 g
RS S AR AR g, P HRAE: D=(4,-4)/4x100%, =X



B U T e A8

F Ao 55 A 2 BRI R A GE TR e AL AR G
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PR R AL

3 AR R MR
3R EKRI R

3.1.1 EHBEFREMFESBETLRET

8 nm 0 m

B340k B 09 B A BT
Fig3-1 TEM image of nanoscale-iron
LA AK R TEMP b h BRI BT DATG 99K Sk S AN BURDRL A2 78 H 2 30-40nm;
Bk 2 R AR R G M Rk RANBROZ-FoR G . A BB 0
BRI LRTTTR, X7.0749m%g, X KBS AR BRI FrtL
RImAR, 1138 B A b R A H0.0mPg, LB ML REBLKLI8IE LA .
#3-1 ApKERmtekm A, ALRELAR

Table3-1 specific area, pore volume and pore size of nano-iron

BETLL % fiim’g" fLArem’g’ L#BA

7.0749 0.038063 98.2405

3.1.2 BARGHIRE DT

AT IR GUR R B 2RI T IR A2 AT O0,  SB0 4 FF Ok B o 3L
AT T RLBE S A B »
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8 I
7
5 ‘
§5
§34
® 3
2
1
0 ‘
0.01 0.1 1 10 100 1000 10000

iR /um

K3-2 ZKBRFORLRE S A
Fig3-2 the size distribution of nanoscale-iron
HE3-20T LB H, SRR D4 7E1~1000 pm, KEFHCRETEEM, T
HEHETEMERNER (B3-1) R, FKEKAANBRRARNA30~40 nm.
HEEFRRE, ARKENTHLTHRER, HTIRBROEEEFE, gk
BRBEER, HEREREE. BOCREMTNMRE, NARARENIKKE
SR Ak R BT AR 8N R R AR

3.1.3 AREERIXBHEERREIE 2T

c\edax32\gencsis\gonmeps.spc 93-Sop-2068 15:38:21
CAFeS. 20 k¥ LSocs: 26

424+

Fe

016 020 030 540 056 060 078 030 090 1.0 110 120 130

B3-38 KR IEDX % K
Fig3-3 the EDX spectra of nanoscale-iron
HEDXKERTUE H, HEMAKKTETHRXEBNE, MOBMETE. &
KIFIAR PRI B P SIAN, WETENZEH FARROBRIENT,
PALTISIAK. SEBHBEME S, FRE B MARERE TN %R 2k
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BRI B A R

MY RENE . HTEDXKMATTREBHRETHRE L, EihAT XK
JEF BT R E WA HE RO W, FERIN BRGRT R MFE, FH g R
AEHHETE.

#3-2EDXMI 4 R
Table3-2 the results of EDX
TE W% A%
N 02.61 07.00
o 16.40 3851
Fe 80.99 54.49

3.1.4 XEH& kBT REIE

XA T HIRE B FE1000~1500eV L [a], ML AT AE 43 F i i F ey 25 1 L thy T
BHEARBEFERHER, ARBTHRIRAZS FARAENERRD. RA—EFHA
BRFEERENRAD THFHERK, WERFEN. TS BEGRERER
HIERT, FAH RIS E BT #T ISR BARTR A BT 4Ei%.

KRBT EEERNTERSHITEE. EBIETERM AN
W EEGHERRANAR. WEREINE, TENATFITEM. SHHFA.
wEaaEE. EREMBTREIN. TENSLEE. o, EFEML. Bl
BEVR. WM. MRMR. RGER. MEML. GESHMUNERR: BRKE. DBERTFH
AENHRUE: FTEVUEUR=ZEHT N AARIEENMRE A EEE
S SAE P

17



JERCIE KF 224718 3

60000 T T i T v
50000 7 j
40000

30000

c/s

20000

10000

Feds
Fedp

-

0

M T
1000 800 600 400 200
Binding energy/eV

o

B34 GeKEIXPS et

Fig3-4 XPS photoemission spectra of the nanoscale-iron

5000 - {Ols
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c/s
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L] T L
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Binding energy/eV

BE3-5 GKERAIBKIE L ik MXP ST

Fig3-5 XPS photoemission spectra of the C. O element in nanoscale-iron



AR B R

T T L
4000 Fe2p3/2
| Fe2pl/2
3500
PRI, Lo Y
3000 1
@ \"\M
© ot
2500 -
2000
1500
1000 T T T T v T
740 730 720 710 700

Binding energy/eV

Ke3-6Fe2piXPSif 4
Fig3-6 XPS photoemission spectra of the Fe 2p

7t Fe ] XPS $3fiEI¥, Fe2p3/2 HILTE 708.3eV, F H & 3Fe3p HIRLE
53.9¢V, TAN, RMBIMXTNTF Fes04 ik, HRBMI) Fe® Mg, X2EN
XPS KBUIREEA 3-5nm, WSt w LA, BRREMWFTEEREKXT 5nm. 2%
) FesOs A5h, MEEEHREBMIBITE. PR XPS # il 45 R0l 41,
PKRBRERKS, TEFREMNBECESE TR, SHTERLSHELAR C:
O: Fe=29.48%: 26.81%: 43.71%. BITEMIFETRRHEI & IETIAG. LB
BT AR R HI & FRE A BB, it CO S5HAREBRETRMN, 4K 1kt
MRY, RESEE, ERETHHRSE, ERHENSERASHEIR, 28
KPR ETIRE]. ZiEEA 200°C, 200 bar (1 bar=10°Pa) &M Ttk
A RRNR I T: FetSCO—Fe(CO)s; 7E 300°C, 1bar KM, BREKN X 4
fi# A Fe fl CO: Fe(CO)s—Fe(s)+5CO(g). Bk, B Fe;04 A 4H45b, SKEBAK
KEEEARBMNHKETE, HEENKTBESMKREKHALHE TEFME%.

515b, TEFelIXPSHHEEH, S FFe;04/1708.3 eV (Fe2p3/2) F1721.8 eV
(Fe2p1/2) BB HINEHE, FfHFe3piBfES3.9¢V, )8 FFe;0.H0i%1E, T
FEFE" {1707 eV (Fe 2p3/2), 720.1 eV (Fe 2p1/2)F153.2¢V (Fe 3p){ii B H A Ky il 2 itk e
. XE2EAXPSI I B R X TR, ERREEHI~5 om. T
RSB R RASLELERE, HFHARRMRM. Lk i3,
HL R AL R BB RN K TS5 nm.

3.1.5 XG5t 04



BT N2 AL 3

XHEATH REZNWHEMNT TS, RAX HERGHEARTRALEY, RE
BT RAIALE . BB M IRAE T DLAE A P SR IR S ) T R E T
XA R, X SHERATS T T 20T SR 2R A Lh AT A U ) F BE AL B BT A
¥y SR T 1) BE DA B B AT AR ST 3R BE R BN B et . B0 BOEE LA B B R 1A 45
WG R T, XL X 575 A MATH R H BN NRR, AT LURYE T4 B
LAk . BEERMPAERRTS EE S YRR AR HERT S B AT LR,
A LAZ — 45 5 A A P AR

1xraml|

1

6000 . y w

A T \AdAaan | T T
10 20 30 a S0 60 10 80 a

PosHoN [2Thetd
K 3- 794K B IXRDi A

Fig3-7 XRD pattern of nanoscale-iron

#3-2 XRDBR M & Fh 2 ¥
Table3-2 parameters of XRD
s fe20.]) FeEE[e20]  REMHE[A] AT R [%)

30.5163 1.5587 2.92944 5.94
35.7186 1.0391 2.51381 19.30
44.5986 0.1624 2.03175 100.00
62.4379 1.5587 1.48741 6.95
64.9484 0.7793 1.43585 9.32
82.5928 1.1088 1.16720 15.16

B XRDATIIASS R, 7E5~ 1003 ATH AHEE N, FF & RTHEHTx N A120/
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4251430.5163°, 35.7186°, 44.5986°, 62.4379°, 64.9484°, 82.5928°, XfMEkfItR
HEPDFR A A B, 30.5163°535.7186°%F B FFe;04111 &4 H 5220 S H HIATE 14 10
44.5986°, 64.9484°, 82.5928° M 43 1| %t B T 4tk (Fe ) f110(44.6732°), 200 (65.0211°)
1211 (82.3326°) BT TS, RAMKKIRFEAEFM KF 5Fe;0,MFAH S
ZETEME R RAKEKHI & T2 H, FKBRBHRETEN HFe;0s AR
FEEME (Fe),
R3-3 BMEMITAEPDFE A XS K
Table 3-3 Standard PDF cards of zero-valent iron

i A EE (A) fisAa © AT ST IR
110 2.0268 44.6732 100

200 1.4332 65.0211 20

211 1.1702 82.3326 30

220 1.0134 98.6451 10

310 0.9064 116.3849 12

222 0.8275 137.1360 6

WIEA AL (Bragg) HFE2dsin0=n\, dAH4B AT M E SmEERE, o ANH
A, MAANSTERITK, nhATSRE, ESLERL, B DAYS HAH R Y S T IRl PR .

XRDHIHIRES RR W, ERHATH A A5~ 100°0F, i BLHIRT 5B T R 14920
£ 7 430.5163°, 35.7186° 44. 5986°, 62.4379°, 82. 5928°, XfMEEkHIFHEPDF
K H K, 30.5163°535.7186°%F . FFe304111 54 H 5220 5 H #7411 ; 44. 5986°,
62.4379°, 82. 5928°Wi &F %+ L AH B I 110 & [ £ 5 (44 . 6732°), 200 & i #7455
(65. 0211°), 2115 RTE(82. 3326°)KBABR 4 ARk,

HRHE i 5 2 d=KMPBcos®, K Ay Scherrer® ¥, HAE 40.89, dfy &R R ~F (nm) 5
BABNELEMME, OARTHA, EIEPR, ®REHINE, HMBRNUBEILIRE,
R S0 2:0.08; MAXS LK, H0.15406nm; i E HiFe’ 5Fe;000K42, 4
%1%: 38.37nm57.9nm.

3.1.6 BFHERME

KAZMENX, U AIERER: aBRBERELZE, BTF2: 1| BRE
HMERET Y, MESEREBYIFoHE. sBNBEREHWEFHEFEE NI &
(SiOBy) M—EHEE/NE& (AI0s) Ak, BMEENERETI=ANERTEH
FNHALA, FEZRREERERIS2ANATH. RAZRHEZREME
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s DN U4

REME A RAZRBFH FRAORE, BARETHLREATESLE, RAHX
ARG ¥ R T AT AR R T IRAG S 0 R T BRI R

KO T RUUR T S &R . R T HRUTAR R —Fi e (8 S F R R T vk,
R WRESFHYTNA, RBEE—RESARREIEREREL, TRE
BIAT TR EE . MR EEEERRRE L, UERHRERIRET
RSB REATHRARR .

HET—FH TR, SRR i 7o-BOR BOBURLA B, BANBUR R R N ER
HEREHHLEF0 MM, HHBHF M. hit—5 TRIRSLEH, RETH
EHUFATUERMEZHKREOARSGEH . BHAKETEERPER EZEKES
S, FARYS, BRETFENZGHBEASKKBTAT, EEERGEK
L%, REDMOREZE, HEETKEE ABRRTERAFMRH.

B3-8 gkexmR ) BaEE
Fig3-8 AFM of nanoscale-iron
B3-S A KEKMET L BUEEE ). FIRERIMAKEN B RBARE K
%, AEATUEHRERAGRLBERTE, ABIRIEBR. REXRDSXPS
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iR B R

FIHT R, e B ERAI D h AR B R EFe0s S1KF 4L
EAE, NIAEEKUEREEBRNENRAFE. BFHEMBENER—5
ESk T AR R- R EH S HILERNFLE.

3.1.7 REERW IR E

FRBAT E RITABR YR AN —FEE L., REOEE6. REHLH.
R TH] R DA B 2 T8 R 9 1 S5 T A ik B 7 S O T vk BEAT R, TR s 2
PR YERE I AN EE M. ESREELR, TURESNMEESE
RIS KRR (G) « REAIKE RN EHIMA (TOTH-pH) .

SRMTHKBEHEREERBELR. EERELRS, BTHIER,
PFR YR ENELD U RN TR SFRERRR, ERREEHTRES, B
EFES5T=RRN: 5BRYRARERN, EYWHEBpHE, 258K FHR
RYBKAR RN . TXTREZ BXT KR, REeTEPBRENNENRS
5TERMRN, BETEBRpHE, 25588 FERYREKERN.

AR IER € LR HOE A3 95 R, HRME LREFmmE3-10iR. R
W 5 g SR R i E3-11 BT 7R o
3.1.8.1 MAKEKAIBEIEBE

6.0
a
5.5 a n 74

@
5.0
4.5
4.04

=

&
3.54

g
e
2}
4 8
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] o
8
3.04 Duu
Pag 14
2.5 DDUDD E
9Boogg4
2.0 Sobuoug 24
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LS5 ~T L — T T T
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i3-9 guREkfLfrREGSE (1) £A: () B

Fig3-9 Titration curves of nanoscale-iron (1) blank; (2) sample

HIERER@ABETLIE Y, ERmERMEES, K&k RPipHE 2
MFRER2, RERA—ARK, ZpH=7, REHERNOMA—HFEEPHLLE.
ERMEMIES, BREESERTHOH RNEKRMpHT %, K554 R PEH
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SR NP AT R X

EYMRENREREHLENE U RERN. EZAKRD, BRS 5K &
pHEEY, 5ZEMEMUAR, FKKERpHEZ2FHENRILTFRETARKR
fI2f%, pHI FTREERERRARIE, HiEpHEL2HA —NMEBRKKTE, 7
PHER2FERKBpH=TEH . EHKKERT, RELASMTpHEMATURS
MRERAMRERERN, 258BTEBYFRFIKBRN. {EpH{EE T 26,
FRPEHRBE—EBE, FaOJIBERRTMMRN, MEHFE, MM{EpHERY
.
3.1.82 RiBERKE

FAEEARRKRE KB ELRE KR (G MMARREEFER (V) {EH
KA. FIRLMERR, EREERM EMEEREAHESE LA Ve. FIKERE
BEHZ A REER KEDES-11HR. H&KREPITLEY, REEIESP,
MABIOH K KHAT =B B R AL: 5 RR 8 E =AMl #IH RN (Ve LAED), 5
RENLRIEBPBREY RN (Vi Vo Z [8]), P4 FHIOH I W pHE (Ve 2 J5).
BV MV, FTIA Y 258 R T E R Y F s (zp) 1% 4 Al XA 2 A 7ERE
X (pH 5.30-5.50) FFEEXH (pH 8.50-8.80) (HE3-4) .

v/ul V/al

B3-10 goREREEATE ()ZH; ()

Fig3-10 Back titration curves of nanoscale-iron (1) blank; (2)sample

T T T ~——

G/10000
>

>
>
6/10000
<
<
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PR B R

B3-11 KBESAZ AR RNHERBERKE 1) £28: Q) ¥4
Fig.3-11 Gran plots of the sample and blank (1) blank; (2)sample
34 NKEMUAIBEELERE

Table 3-4 Titration results for nano-iron

HJ10™
/ mol-L”!
ik 102965  10.3943 10.1806  10.2338  0.532

o Ve/mL Ve/mL Ver’/mL Ve2’/mL

HH, HsEBRARHFXTET Y FTRREGEHBER. R3-48R, K
Bk K HSEB D, WHAKERRBRN &M E TR AR D . HRROREE
WK ERIR, BHTARGROFE—EHLESE. Hlt, ERIRTFNE
SRR, SURIAE S WIE X PR BT IS

3.1.8 KRGS IS EME

PARHRHARTHEHBEEARE, —RiTs, WREVE LAHRES (0
RETL/R A% 5IEBMEE, FRAKAR. HERUAZ LHBESMEARE)SIE
RIS, HRAEEAR. KA URVM G BB FEZITIF, w7 TR
KBt R, KA AT R EBEREIREI ST XRITIT. AR
AR REREES B R, FRIERELED, FIEZENEER T &M
B —PHEEFRNFREMAAR. REEHAEHEETERIRES, #&28
BT S5 B E AR IEA KT .

BFEBERPOEREEZICELRENERRES KAERE, TR
B 7 /UKL R T T AR LA — SE ERLAE 6 B2 A X R A 9 IR Y048 T /R 34 7 B ok T
PR MER, B, BB TR 2T AR EE HXHEAFEERRE. THDLVO
SR E, HEIRAE1940~1948FE HEA 4. BE. £+, BB (Derjaguin,
Landau, Verwey and Overbeek) E3Z, AJ: KR ZBFAEELHERSH, BGE
KRN S, WEEELMHERS, BXNHEERNFAAER T, KRR
YER TR E THRIHIEaEYE. SRFZ RS S ERHAR, BRI, 4%
BHEF GRS, FFaeblIbR T TR, RERLTRERE. 9K
FLEWAN R R BRE, FESHTFZEEHELERNEZY.
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At fE /min

B3- 1280 K ek AR E
Fig3-12 dispersion stability of nanosacle iron particles

GORB R TR A /N RERAMRERE, RSB REARERZIKAT L
S/MERB BRI, FOKERE D BSCR R T2 B4 AT RAIE, MR
HRARKRARORER S, FrUANTEERK, SRR RSLET.

HE3-12A VB, EEERNEGT, RILENPRG SR ABEMSK
BIEIS B REEEIAIRA, RBPKKHBLEERAE30mintHA BB K, B
IR B S FEERI KRR EB R B4 15min, 3 BX BRI R ZE15min
ELIEEI SR &MF, TREHARKNEIOmind ERIBES B LM, B, 77
PLR A R G A K Bk S AL B A AR BRARLE, RIGA KB A A . Xt R R
PAREFEHEBREN—NREZ—.
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Fig3-13 the stability of nanoscale in 80 minutes
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E3-14 gxsmsrigia et ks
Fig3-14 the fitting of the stability in 45 minutes

TR, RHT4S R RAREAT T A E .

HEALEL, F453HH, FREKORAE BEUETRGYE, s HE
43 B AK B IR 12 hy=-0.0016x+0.1473, R%*=0.8338; IE{LIEHIK I H B
A y=-0.0043x+0.2038 , R’=0.9248 %1 £ 0.01%Pd I B K &k I % H 2 X
y=-0.0039x+0.2134, R?=0.9556; Blt, WLAEH, =Fgkek Y, FLETHIM
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JERUTH AR A AL 3

RBERFTHEHLRARE, ARNRE, MHASENAKENE=ELP
BSHTHR. g0KBRHSBIRE Z MBI PORKE R METE, #5 AR ST
52 BT FRE. Bl LT, MRS, ARMEMAIRKHK SR
SRRBERE, BRIWERIRKIERRL, T5EH0.01%E M KK et
B 5RAE K EKIEIE .

3.2 2L RAGE S BB ERAIE WL RS

3.2.1 tLbRER. ALRSFEZMNE

KIWE T RMAE LR AEARANLERTR, L5 8. HlE4ER %
3-5 Bz
#3-5 ZMREMHEER. fLE. L2

Table3-5 the specific area, pore volume, aperture results of the chelating resins

Ll HRER (mYg) FLA (em’/g) L2 (am)
R G 8.89 0.025 9.36
WG 1 8.98 0.014 8.89
WG 2 14.91 0.010 4.90

R 3-5 ATLLE N, AMHIEMELHSERMIEEL, RERELHE, 1L
BAOLENZE LD SEMIEMEL, W5 1 MERERBERN. JLEHFMMW
AN, MAABRDOHURIE, HABSABEREEENENSERERKEN,
NRERALEMLNERERETEERE LNESERAZRKLERSE
. MERARE 2 MEBRWRETEAZML, WREANEEHSM, 5. 1
B/, K9 KBH, BB FEAER#E — DB T IR KILEH, IHERHTLRE
— B 4E. B 322 PEMREMNEEE T BEMBEESR GBS — Dk bk

i/!_’}o

3.22 KBS 1| S5HiBE 2 LI RiEDHT
HEREMIE R OEB AR R EEN T ETRE, RETHER,

FICRALSAE NS ZF Y B4 F ST T 4047, 0l 3-15 Fiow.
FHEEENER, BIERAE 1 5, C=0 KIFIERKIEY 1668cm™” BE
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3 1602 cm™ WKk. LA EGREY, L5 FEBEET AR, BEHRER. &
SERART, BRSO R AR, AR SR e A i B 16
KBS, MSBEUMEREHR, ERIIMERS TREL.

i Fl KBH, ¥/l 1| ERIES—CERE, BRMRAE 2 3 C=0 M IERIK
#1674 cm™ B ZE 1667 cm™, =C-H KIH4EIRN 1 3059 cm™ BZE 3027 em™, C=N
@A IRENFF AT KL, C-N MHZEHR3)H 1409 cm™ BE 1411 em™, BE
J Bl 4% B g RO 20 5134 B ) 3 B e 1 B 5 R R BRAE . IXR B, 5 N. O
RCAL BT 45 & HL7E KBH, FIEEEA T, HAC M 20K, Ehamie
% ICP-OES A Hii4 REAM, LIHFRE MW LB TR, HBHEME 24, £
BUE AR Rkt S e R L

A — EHR
g i i1
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Fig 3-15 IR spectra of the three chelating resins
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Fig3-16 SEM images of the two Pd-loaded resins and their EDS results (a) and (c) Resinl; (b)
and (d) Resin 2

B 3-16 PRI R AR R L BE R &2 EDX HLF REIE MW 45 2R . ol LU
H, WHREMERESRAAREN. BE 1 U9 RFEHTLEL M 45 M RFAE,
% KBH, &R /EFAMAE 2 AFLEE MM A B 23 K AL 45K ) 2 02D B8
%, WISRMAREHF . X5 LM BET FrliM b REH, FLESILRINE
Rty e—3

K7 B P RAE PR R i AL R BOR L, X B R R S A AR AT T
EDS fiF gl i, 4 REW, WRHMERTHE. sl hRIE | 10 PA/Cl ik
#, Ak BRI S R, HTWE2 RIUMIE 1 2 KBH, LR B S 1M1,
RREHACBCEFME. MH, BRGS0 5E 45 BAE 5B AT
B By, BTUABSREAL A R A BRI AR
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Fig 3-17. X-ray diffraction results of the three chelating resins. (a) Original Resin; (b) Resinl;
(c) Resin 2

B 3-17 S0 T IR s R PR & SR AL TUR) X S ERAT o i B . X STEATH R R
A X kS SANERAREAISAFHREEY, NmESm L4
MR, ERATRMAAAE SV (R SHER (AR E R TR,
37 X RS BN RIBE d ), WEREERNT WRHHR, UREE
VI KEAFSHREREE /RIS REHIRD. B 3 JLEYE, KmEgd
B R A AT AT, k28 MM e R IEREY L E; Sk
BUE, ERMBE (2.5mgpd/g MAE) &4, FARE 1 R 2 HHsHLEE (8
mRGH) EEMEMAR, HEREBRMEERERA. BLAMEEREST
15mgPd/g #AERE, WA 1 IS 2 ER—AE (20=18.0°) M thBLAiT4 1%,
HoRE g REEAER. REZTHES SR Pd brdEE BI7E 26=40.1°(111)F0
20=46.7°00)AL I MFERTH A K HIT, HX—FREDRA, EELLILE
HERXSIABIRELERERLEHED, BFRIWKER Pd BEVHIVRE
SWEREGDREAFHES, HIABPERE, NTER SRS SR,
B BREAREH E LR E—E BB HINTH &, E0TLUE IR %675k
ER—eAERENSE, TUBFRESEKARMIERE LR EBSRE
Z 1) B B i 43 FCRE B 0 A BT B
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325 BRERESERS

SHE & =R BEEAT T HE ST, SRWE 3-18 HHiR. ALUEH, XFE
ARiE, FEE/MRENE, 2908: 215~380C, 380~530C, HPHE—H
BUREAA H-38.45%, BB BRITBRENN-42.58%. Z AT K EX N T
feshK AR B ZE BT — L3 FYRFERB L. B—HBRORENN TR
B ERR R RR . 58 B BOXT R T4 i P AT X 5 10 3R DA A B AR I A A 1 B 40 3t
fi#.

Wi 1 5RE 2 HREMTEESREMELRM, BT EBESARDMRENE,
AR ARBEGERAEZUAIERTREKREN. 550Kk BB 1, 260~350
CTH 220~360°C, FAEZNA-21.16%F1-25.42%; KBt 2, 350~480°C F 360~475
T, RETNA-41.63%HM-32.25%. HPHEMKELEIHRALE. ZATAH
{52 X TG K 0 MR 7E LR — /M3 FYFRRIERRK. BB
MREXMNTHESHDEREARRSENESYHRE. EZHBRINTFR
BAEMBRREBERBSHRE. BRRBIVAE EERHFARERE LERFE
B i o 3 i O 38 o AR R
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Fig3-18 The TG. DTG curves of the three chelating resins. (a) Original Resin: (b) Resinl;
(¢) Resin 2.

5108 1 M, AR 2 B—BrRORERBIRK, BB B LE GBI,
JRETTARRE G : RIS 2 MBI ERS, dFERER, KOTHRRIE 1 8
AR BN F, RSBGPS BN, 2R GE R B R B 354
A R AR S M A S B L I T & .

EFRARER RO EERBHRRBE 2, 358: 18.97%, 37.21%, 42.33%,
FREEEETHAE | ARE 2 SEMRML, SERMENE, AERLERL;
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WiE 2 5HA 1 AL, HABAOREEMUEER, FERRET, dTEEE
M, Wi 1 LRSABAREHYREER, FakeEh. ZHRESE MR
BRI EBRES R A: 308°C, 350°C, 360°C, iXRATHELE BN 537 48 2k E A0
MHIBRE, BEATAEY, =ZMRERREEERD N B8 2>WE 1> ERfE.
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3-19 XPS photoemission spectra of the resins (1) XPS of Resin1 (2) XPS of Resin2
HEMRIERXPSEEFME M, FHMEYEEC. 0. P. FURDER
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EFE. NMEKXPSIHEEEN, LERMME LN SRRET N, WEIHE
S ig2 ARt TRLA, WAR2FEERERGR, X& th FKBHME R /ER
WK EERMRIE LA RPIRAR Z .
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E3-20 ARG PPAMIXPSIEE (1) W51, (2) #i52
3-20 XPS photoemission spectra of Pd in resins (1) XPS of Resinl (2) XPS of Resin2

33RF NG

WIIBETH R, XRD, XPSHHIH G LAREH B S XK K& = Fii
FeMIRE, WLABHELIT4iR:

1. KRR BRLAFT-EN, BR30~40nmEIBR B, AL 5 Bk
FTEHLT , QUK BRI H R A KL% A 1~ 1000pm I Tk .

2. EEEDX, XRDUAKXPSAHTE, Kk BR PRSI THERENETE,
HTEURKITE, HAREKBHRASHE —EEEKXTSamiFe;OLE, %4k
WEHRR T KRKBR TS, RIPERBBI PR A KB BR
5t R ET KRR H &L 2.

3. WM K BHTERE, #—PIELTHRKRAOTHEXEMNSRNEL
PEALE: BRI R EME BB, kSl THAUBENFERTIE
HEAD.

4. FIERMARSTESS TR (WE1, Wik , HPRiEimtREH,
LERARSEMEHERK, TME2SERERMEIHEL, BETENLER
R, BARILERLR.
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5. BAELSMEER SR, WA SR, B RRE SRR E
RETHE), BRHABRNBTRERETRE. ditk, 7EMRIZLITEER R
EWRE2MEET, BETESEENGSRE. BEXPSHSHTHAESL, #i52
PR SRR R AL TR E.
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PKEERT 2, 4-—FHAEB PR

4 KK 2, 4-Z S RBRAIPERR

4.1 PR3 2, 4-ZREKEREIFERZ

SRR T AR BRARMES 4 S0mg. 100mg. 150mg &4 F 5t 2, 4-DCP
HIEBRRRIRVERE .

-, &
£, ]
ay 3.6 S =
§ 3.4 ‘c/ g —
3.2-_
3.01 —1— 50mg
2.8 — o loomg
2.6 / —— 150mg
2.4 7 blank
0 1 2 3 ‘; 5 6 7 8
R (E/d

H 4-1 KRS 2, 4-DCP IR VAL
Fig4-1 the reaction of 2,4-DCP with nanoscale-iron

EZMBMBTERANLRABIEEA, SB0RAAGEORE RN R
Yiwor=, REE| T 8k 2, 4-DCP MIKERIK, R KEST 2, 4-DCP HR
BHEM. 2, 4-DCP HIKEETERE R MBT BUR — /MR AR K (R A g, 33
B RN RE AR R SRS FRE R, RERIJFER, 2, 4-DCP BE# A
KidBHIAK Fe WM, HiT 2, 4-DCP MWKEHI T HEMPK, BE#E RN
Mogess, —Ea SRR, RMKEXTRISKE, BTCLXHN R PR
MEIMERKERTA . EEXHRNERT, 2, 4-DCP MERERK, RE4
30%M1 2, 4-DCP #=Ek.
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B 4-2 ZFEMET 2, 4-DCP HEHBZE
Fig4-2the decrease of 2, 4-DCP by nanoscale-iron

BIEEHERALIE, ARKEBNANREIYERBER, FEFUT=A
Bf: (1) FEEEATHES: (2) FBMEH4KF MR T 4B RITE
fEM; (3) F-HOBRTMHMEREM: REFRARARE (1) FEMREHE
T EEEEM, 2% (2) MERREMES, &% 3) RAERLNNEE
BRTAREM. i E—FORIMLADEITH, KK B P 58 st
LR HIFe0 IR, F-B A AR BRKETE R th A B P R T e VA,
MABIREIEUERITETERENHEBAZIEEEEREA KT
BEEMNERNE. KEREIERY, SULERFENFORRIEERS EFER,
BRE-TA M5, AKKBRAERBPRIARLZEWILEENEERL. LB
fE RSO BESURIR T AR 2 O R AK SRR K T BRI A, E M vE
A1-1000pm. Bk, EXFERT, FOKRKREAFKEREFERATAREENS
ABKEER; HUEAYaTH, EXRNERP RFERMTREFRRTEKER
WETHILE SHRFAMNEL M.

SRAERER, HRKEEBCRRITRMEE S, WITHRMERRIME, HH
YImR B IR B e D EERIBET B A B R A e A . XPS MIAHT BN, 4%
BRABOT R AT SRR AN 29.48%, HELHERN, FOKEKIRMAEEHEERE T
HEMBRHGHE, ROFEAPKKIRZM T EEERMALA.

42 EXRMKEX2, 4-DCPHIFERR
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REHHIAREH, ENETEREVDHIER I E—R RN, BI C=Coe™,
b C A RMAARFTHAAHNIEIKE, Co AERBVIDIILEIREE, ¢ RN ],
k ARNEZEH.

4-3 ATERMEN 50mg. 100mg 5 150mg &4 F 2, 4-DCP (B3 2%
iR

L T
5.0 —Vvwv—%—— g T 7 T
4.5
4.0 o ]
- D"D\ 0 50mg
-g, 3.5 o o o 100mg
o s.oj A 150mg
g R —_ v blank
2.5
B < 0 e
% 2.0 A \ T
1 N
II 1.5 \ N
< A K
o 1.01 S .
. T
0.5 E\‘\\A <> \“\o
0.0 e - === )
T T L T T
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K 4-3 BLG=FEUNE N R MNEh %
Fig4-3 the kinetics of nanoscale-iron after HCI treatment

R 41 RIERFHRLHEX R

Tabled-1 the rate constant and relationship

B 50mg 100mg 150mg
IR H A k/h?! 0.0599 0.3222 0.5066
HMXEHR 0.9654 0.9856 0.9798
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Fig4-4 Removal of 2, 4- DCP by treated nanoscale-iron
$ = AR E T LTSRN FERE, H RPMBERTTUEH,
HHEMEREWE— R RN N ML, C=Coe™. HEMEREH k H5H
0.0599h'. 0.3222h', 0.5066h™, B AT LAF Hi BEE HIN R 38 00 7 i B8 % 7 14
Ko HEBRRMLTM, EHRORNEER, EERMENIHK, ZRELK,
Hep, #MEH 100mg 5 150mg BY, EKRMN 12h Bf, 2, 4-DCP K ERREHE ]
99%LL L.

4.5 T T T T
4.0+ v
] o XM
3.5 o 2-dWM
& 4-Hm
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-:'_I 2.5 v o 7
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A o
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B 4-5 A3k 150mg B FRF =PI
Fig4-5 the degradation of 2, 4-DCP at 150mg dosage
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PKRBRT 2, 4-Z AR

FERMEN 150mg B, RMAFRPRRE) 2-CP. 4-CP 5XMBIHI. Hh,
2-CP 5 4-CP —EHKERIK, HEAEBNMRNMBEAMER. 2, 4-DCP &%
BEBEHE=M, (D BE 2 MNEFEEEBRER: (2) BE—NEETFERK 2-CP
¥ 4-CP; (3) 2-CP 5 4-CP Sk ML BUEW); 2-CP. 4-CP. XM 5 2, 4-DCP
FERNAARPILFFE, ERMSERASEPHELEW. 2-CP 5 4-CP REER
MBS, HEAIX BRI SR R R AR AL AR . AR B B ) v P
K, EEBFKE BAEARRERNES), X508 R R Kk 2k S AR
HRHEIEE. B 4-6 42, 4-DCP BF TR MR S5 HPLC it &, X
% 4.70min &b A KB} 1%, 5.85min 44 2-CP ¥, 6.80min &4 4-CP K14, 10.62min
kb4 2, 4-DCP H),
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e 4-6 2,4-DCP [ Fit ek i R M40 557418 HPLC %1 &
Fig4-6 HPLC chromatograms of the reactant and products of 2, 4-DCP dechlorination

ERHTEER KL, 2, 4-DCP MEREHEM K, BHERMBEYH
B, RHAHKENEERITRS. KB EINEANDNEBRERTIREEES
FEEE, EEAE (D AYRAKSRHEEEL: () BHYRMIES K%
XKl (HPREFEEMSIEFERD; G) AHMEMKEREIEEL R AR,
(4) RGP AR R BB H B D HER AT . - WK
R R b A R Y Fe® BT IR R, BBAB L RAMNELER TR EFRE
B RS R MR FRRERNEERE. Sk FOMBEISHAREN
YERH)E, F BFHENINS FHERETE. HTERENYEREH SR
W, HRESTHREBsAeT M)A T, Fe RFMIEEMEEY TR, &
Fe BFY fpd g, AW FE X BRME Fe RFRE, MEARH#E—L K
e, 252, 4-DCPIRFRE| F K iiJE, 5 F' b/ KA AL¥ RN, B2, 4-DCP
BRI . MLIEILE MAKGIEHE R, TEETHIKRERLEZERT
BEUTIAFEAER: (1) MAKKREMAFEEREM: (2) AKX BEERE
FEWE: () B RmERAEMAKKMLREE; (4 MEEAmER,
WX LA mER, SKKME- T HNEIIE, HREBIMK, #58 F
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TFTERBRBIRESTRE, PR 2, 4-DCP 5SHKKNAHRNIETRS TX
A

A3 EE R MK ERTT2, 4-—EEKEEIERHR

BRIK F" R AR E N E 5% E F ML ERKIRAE, EFXREMLER
B, BRETZRIESEMN, EREBRMLE, NERMEEREE. T
K4 Tk v A ST RO — R .

ELEPHERIDN LS —MERERLTNENERBERINSE. Btk
R HEHI N4 EH PdFe. Pd/Zn. Ni/Fe. Pt/Fe fil PUNi %. N&BHASHREE
M RERITARE AR ER. LA Pd/Fe M, ¥&mMEIPIKELAPA(C,H;0.)2): K Z
EERAM, NMsIRERRN, FEIRERRT (WRMER (4-1))

Pd* + Fe® —» Pd° + Fe** (4-1)

FRBRE —EEENERES. BEARBERERIES, XRTFES
# Pd F1 Fe AR, WM& RBAIAR LS EwWERERIAEE. & R0E 5
ZWEEYE, 7 110CT T4 oh FEITT{(RF &

R TRAEIGEIAIFKERBENR, Bl RS RIBKE. 9KE.
PREFS, BEEEFERKRE L. FOGERTE S BERA ARG REI2,
4-DCPHIPEfR .

43.1 Pd K953 EH 0.01%BYKLE

B} (] /h
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B 4-6 Bk Somg B 9 KBy

Fig 4-6 the reaction when the dose was 50 mg
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Figd-7 the byproducts of 2, 4-DCP when the does was 100mg
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K 4-8 Bein A 150mg BHA R B 974
Fig4-8 the byproducts of 2, 4-DCP when the does was 150mg
E=FHRMET, 2, 4-DCP M3k B HBEE R B B)TT FRE, 1A s 3|
A/ 2-CP 5 4-CP. EBIIKEREE RN IIBIT, B K, T 2-CP, 4-CP &
BN —BERFE—NMBIEKTFE, K 2-CP HERET 4-CP KE, HHRmMEY
50mg 5 100mg K, 2-CP 5 4-CP Mk BRI BB EA N 04mg/L, Z/EME
(K. TIHMER 150mg i, 2-CP 5 4-CP Kk E—HBK, 7E 0.05mg/L £ FiF
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HERE &R ATLAE 1, 2, 4-DCP £ RN KRB A/NE BIR 2HF 20t 253,
7R BN, =FEINET 2, 4-DCP MEREEEBIT 50%; =HHBMET,
FA—RMEZ], XMOKES 2, 4-DCP FIEBREMEER MBI AT K. #in
BH 50mg, EERMNEER 12 /MRS, 2, 4-DCP (IR EIXE] 87%, FERIMEN
100mg, RBIAT K 12 EFEE, 2, 4-DCP HIZRBRZR K 98%: BNE N 150mg, KR
RERHE A 12 /MEFET, 2, 4-DCP BIEFBRZEA 98%; HHULAT4N, 13 0.01%Pd I
KMERE A KIRE, Hf2, 4-DCP HRENIBREATERE, FRENHEA~DE
By L.
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Fig4-9 the removal rate of 2, 4-DCP
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Fig4-10 the reaction when the dose was 50 mg
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Fig 4-11 the reaction when the dose was 100 mg
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RIS e /b

B 4-12 BnEH 150mg Kysci

Fig4-12 the reaction when the dose was 150 mg

HETm, E=FEMET, KRBT 2 62, 4-DCP WK D KIERE M.
EHRMER 50mg 5 100mg B, BEE KT, BRMEAYIERNEE RN ST
BETHK, TERMER 150mg B, KBYKEEEME RN B)1GX, 78RN
HAT 2 DRE, BRRKENRFE— N EEKTE, BAERE FROEE. T
2-CP, 4-CP R N—ERFFE—IBAEKF, HP 2-CP KBRS B T 4-CP WS,
FERME S 50mg 5 100mg BF,2-CP 5 4-CP Mk BEEREN BE — M RE M AT
03mg/L AR, ZERARK, THIMER 150mg i, 2-CP 5 4-CP Mk FE
—HE(K, 7 0.03mg/L L FiZzh.

=EMEMET, 2, 4-DCP MEREMEHKEBRMEBNM AT, FHE 2
N5 HIER] 70%, 80%, 85%: ZJaZMBFEMKEEEE, RN 8 IR
L E|B K 5 98%.
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B BR8]/

B 4-13 2,4-DCP LB %
Fig4-13 the removal rate of 2, 4-DCP

4.3.3 BIEAKTRRIPERE 2, 4-DCP HlE

HEREE R 0.01%F 0.02%H LR BAMMIE, ERNIFIERIBE, B3
R A B LR F K R AN 2, 4-DCP MIKEEE KK MEME; w141, fudkinisay
KEgHEHEEAXRES. AN, HRERMET, SREEN 0.02%K, #53Hrs
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BRI EBR AR, 2, 4DCP MERET R, RNAYNKELRTLE, FEEFE
F, BERNIEEPEAELFTEER, B THRKRAENE, 80T k%
WAL, BEEMS, HAEEAEE, WnE T 3SR M#T.

WA 4 BV TG K Fe BEIR: M. 2-DCP. 4-CP. 2,4-DCP.
@Y. 2-CP. 4-CP MKW 2, 4-DCP IR AER, MAZHEEEZSFR
Mo Fbf, HXBRERBANBKRIM, BEME™Y 2-CP 5 4-CP HIKE—HE /K
KW EKF, H2-CPHIKERK. XEERADTFEAL AN FERERSS. b,
MNAFRMEMBARREFREEAR, REETF, EXFLNETERESEE
BT RR: Xt>0E>48; Ak, 2, 4DCP FATHIUMNEAETFES X R mLE
B 2-508: TR FAHLL R AL 58, AR BRI AR -5 B
WEREK. RIAWITAAGRNERR X —AREITHE, HZAEREISA
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ST A B2 R 3

A, BERERNN S FHERERNRZALIE KPRESMNERE E
REFANDTEZBEEERNGHETRESN, RETHERE E ,, RITEX
M F SRR RBCE THRES . E, ), /D, 0T EZ BT HEEHIE,
EBASBEIR. TMNME, LT ENRFSETFHBEENETFHLEAET
RMBAEER, Fik, XA EMETHE S FHER.

E=MERMEBTSAHAFAEABEENEMGT, =FHRR=HY 2-CP, 4-CP 5
AW, EMEKE—HE®HFEE RN BTG K, T 2-CP, 4-CP MR —
BHEAK. HLEFETTUAGK KR 2, 4-DCP FIRRMRE, RIVMEL KRS ERE
RENDEER B ARIE, 7 2-CP 5 4-CP £24 2, 4-DCP it = — AN ETFHIK
=Y, HTUTAERENY, SR RBEEERTHKEEERITREE®, N
A 2-CP 5 4-CP MIWKEE—EH AR, 0 R) A9k BT £0BH S LB (8 T 186K .

2, 4-DCP W] AT R % 2: — MR F A% 2-CP X 4-CP, tafPAfi: 2 M
JEF 4 K . 2-CP A0 4-CP 7T LAk 3500 S 1 S04 U ) o 4 3R S R B 1k
R BRREN A S . MERME 150mg, BHAEKEN 0.02%0, RNFHT
2/hEE, EREKENRAE# PR, TEAFEMMW TREEY., XRHTE
EHEERTENKRKIBMBRESHILHT, HFEMEEER, EBERAET
PR, #akEEFFEAERT BRI TFER =4

AR SR 25 AL _E 4T, H1K4E Pd/Fe 5t 2,4-DCP BIEALIE R X &L 72
AT RMERER:

Fe+2H,0 - Fe** +H,+20H" (4-2)
Fe+2H" —» Fe™* +H, (4-3)
H,—H 52H (4-4)
2,4-DCP+H +e —52-CP+ClI- (4-5)
2,4-DCP+H +e —2—54-CP+CI" (4-6)
2-CP+H +e —2 5 P+CI” (4-7)
4-CP+H+e —25P+ClI (4-8)
2,4-DCP+2H +2¢” —2— P+2CI (4-9)

RIFLL L5347, HULTF2, 4-DCPHAKEKFEMEMIRER:
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HO
Cl
HO
Ejm — \ OH
‘ O
Cl
Bl 4-14 BKEFRME 2, 4-DCP HIREK
Fig 4-14 schematic diagram of the degradation of 2, 4-DCP by nanoscale-iron

B fEgk F' REM SR E LT SIS, RN a8 B i
AL, NEERBREEA. NTTERRENDRIRE RS T AT, o
AKEREOWIESBAETHE, REERENYTEN P B FREREIRAEH
Yt n BFRRILEEEY), FBRRBRRMEELRE, NTTAKES T RNEE.

Bk, PRI E R EAE B, 2 B i 3 B R AL BT R B
2EF.

4.4 KENG

SKE N BRRE TAEWE AKX 2, 4-DCP BIRREIEAERETT T 5, 18
HUTAAAELE®:

1. HTAKKBRRE Fes04 HILERFE, FKBIEHBRE. F25iT
ETE I PR ER 2, 4-DCP BABMHAMKE, 2, 4-DCP X K%
RITR BV IO = A4, FEBEAN IR B A R 15 J R et i) P 8 K 00 28 B4 A = i) LR R
E=MEMET, EERMEBMIYK, 2, 4DCP HEREA, H=MENET,
2, 4-DCP MEBRERHRK, FHRF 30%ER, ZBRERFRE 50%.

2. KHKA 1: 100 BN HEAT BRI Z BR HL R HI Fe;04 HIL B IR B
KGHEYE: SRRIIENE WK KREEIRS, RN &R DRRF 2-CP,
4-CP, EMyFRFABEM= NI HE 2, 4-DCP KB &Rl — % RN E)H
EHE

3. TEEH B HH 0.01%55 0.02% R0 & 53 5 4 50mg. 100mg 5 150mg
BIRGT, GUKKRER BB 2, 4-DCP, HBEE R BH#HT, LREMA,
ER MRS [E) R 12 DETES, RBREIEF] 98%. BLEF, 2, 4-DCP IFEME X E 4 A
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JE3 A N B2 3

e, BdRERMEYE, FET 2-CP, 4-CP, XMYEMEMEY): 2-CP, 4-CP
HTF#— PR EEREM BN RS R PRERIC: ERENBRE RN
KRinFEPKERE RN AFTIELER, SRR ENSBEE, 0KRKKEMN
BEEN, XBEesist—SB®, LRITHA=Y.
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PR 1A 2 3 2 IRk R R e

SHIAE 1 702 X B REXEEB SEREN
5. 144 B 1 7127 %5 SR EX KB (BDE,o) B P R

5.1.1 BHAE 17023 % ;R EX Bk (BDE ) B PE AR SC IS

K 5-1 =M HEx BDE209 5 iR MR 1L EL ik
Table 2 Comparison of the reductive debromination capability for BDE209 between the three

chelating resins

PAE KRB THREmMgL! RRE%)

JE# g 0 0
BhE 1 2.11 11.3
g 2 0.79 42

PR S R IR X AR BT R £ 1R 5K K K% BDE HIVI D BRS04 R
R 5-1 Fim. WTLUEW, LEFMELFITRG R HH S H BDE WP WE 8%
TR, BHRAEXT BDE MR ERRRNRE. BTRLERNLEEE
B, E#ERNZEONERNES, BERMERE T, WIS 1 % BDE &
BIEH EERPREFIWKER 2.11ppm, WIS 2 LERPHEEFKEN Y
0.79ppm. LHFIFHASHMTMRTELSRBABSRE FKE IS, BRI
BDExp FIBEIRZE S50 11.3% M 4.2%. sk AF Y, W5 1 X 2 EBER Y
Jt IR PRI BE LR 2 B AT R, UL LS5 R, W BE P AL RSB AL TE A TT §2 5% BDEsgo
R B AR E B AR .

R, AT#H—DRIFESHIBNSSRAE, URERWT RN
&%k, SKRRA ICP-OES M€ T MR R B PEBETHIKE. MEsEEN,
B AR e R PP WA M, R ARRME LR S REE,

512 5% RBEFB R LR =FRBE0AE I
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Bl 5-1 5 PBDEs RS R ARRUSAR TREDH
Fig 5-1 TG analysis of original resin in N, atmosphere after reaction with PBDEs
5+ RBEABRNEHNENEEIEERNIMIRENER. BE—1THERXA
30C-368CHT B, BRI A-38.26%, XMTREKEGH LEHRME. BoHBA
368-637°C, FIBARALNA-45.77%, Xt LT 14 i 3R G5 40 IR A BE AR R A B 2
.

DTG

T6/%

a1d

T T T -lo
0 200 400 600 800

/T

B 52 5 PBDEs RMN G RBIGEAIIA TRES
Fig 5-2 TG analysis of original resin in O, atmosphere after reaction with PBDEs
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BHG 1 R 2 X2 REE R B

HEMMUEY, 5TERERBRNEHNEAMBEESSATIET/I L
BB, HPE—FrEN0-380C, HELI-35.08%, B BN 380-504C, %
E-53.06%.
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B 5-3 5 PBDEs RELFH G | R SAR FHRES
Fig 5-3 the TG analysis of Resinl in N, atmosphere after reaction with PBDEs
E+REEMRNEMME 1| EZRREATEEARIMIRENR. £—1 %
Bt 30-366°CHIr B, AMAE LA KENR, MEZHN-32.30%, XN TFBLEH
EEEA#E. FBEBCh 368-576'C, MBI HA-43.46%, ¥ T IS hACEE 4
PRI BE W AE BRI B8 7 i«
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JE5 3 A AL 3

B 54 5 PBDEs RMEMAG 1 £RUR THRESF
Fig 54 the TG analysis of Resinl in O, atmosphere after reaction with PBDEs
HETUEY, STREKBRMERME 1 £8EUA AT, RENBREFEA
BBt 5B —Rr B 30--459°C, LRE-44.06%. 5 KB R 459-587°C, KEH-52.61%.

0 200 400 600 800
110 U T T — T
e O
e A 5
DTG
1-2
R
S g
= <
-4
~ *.
20 T Y -6
0 200 400 600 800

B 5-5 5 PBDEs R fithG 2 AR/ FRRES b
Fig 5-5 the TG analysis of Resin2 in N, atmosphere after reaction with PBDEs
RME=ZARENE, HFARITERRENR. F—MNBREHR 30-368C
BrEt, MEENA-32.12%, NN TRKEH LEARE. EZMBHh 368-567C,
TR A-37.56%, XFRET 1A - AT R4S K SR R G e AR S LA I 38 4 .
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#EE/C

B 5-6 5 PBDEs REC/GH G 2 EH A FRIRENT
Fig 5-6 the TG analysis of Resin2 in O, atmosphere after reaction with PBDEs .~

HETUEH, RNEHRE2 TEFRMRENR, B 30-3867C,

JREBAENAK-33.99%. E_HMBA 386-575C, HEELHN-62.89%. RRFEN

3.128%.
% 52 ZFpt 5 PBDEs REJGHMEMTER i
Table5-2 the TG, DTG results of the chelating resins after reaction with PBDEs
@t B PG 1 B 2

A S| REHR 30-368°C | 368-637°C | 30-366°C -590°C | 30-368°C | 368-567°C

FREZRA ~38. 26% -45.77% | -32.30% -43.46% | -32.12% | -37.56%
o KEME | 30-380C 380-605C | 30-459°C 459-587°C | 30-385°C | 385-575C

! R ~-35. 08% -53.06% | -44.06% -52.61%. | -33.99% | -62.89%

5.2 B& 1 F2 38 F R R PR A2

5.2.1 =M BR AR LR SR
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AR BEBRF L F AR

Bl5-7 EERK S =R N8 A

Fig 5-7 photos after the reaction with azo dyes
Hebh PR EERAG=MMERNERE R TENRES =R R
FHIE K NESARBFKKS: ZAME, RNGRERE, RNEEQREL
RNE RS, RAGERRAE2, RAERBE2. :
METLES, RMGEOBRERN, HEEANRK BAFRETRBRERN
PRI, TLER L EFWRNTE. IRUEERRKENEERULRESR
FRMREI, MIBATT RITREEA.
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FigS-8 the UV-Vis scans after the reaction with resins
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Fig5-9 the ultraviolet scan after the reaction with resins

i E15-855- 90T LIF i, &5 =R R NG ELEER ALK 3 4 RHE A] IR IX 358
AMESER AR R A S HIL, ERXAGRELEDBEHER. X
RYBRG R P B R TS T 4R A B RIOMRAR R SLxT T AR (B A4,
FANBYEAZEL, MAFENESSRNMAR, B ERYEEER AR
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LR EAF T A AR I

WK ERER I, XEERHTESTHIENEERMEE. T35
REEHAEI SR AE2, PR BEGERITR BRI, WES- 74, EHE
RUERECREFRAFN, HRTHMBE, X2HT R ABIERNIESE
BRERETHERN, £25TBERBRY, FETHOYR. bTFEE
MBI SRR ERRERR, FHit, FEERHRYREAR, &R T RNEH
MR RKBE.

522 RERBHBRARSHEE-RIESH

B BT, T ARIRAERFE, Wi SHE2EERREMRERNE
BFEFOVREHR. ARSTHEMIESHE2S A EERE RN, RN
R B BERLAMREH#IT T GC-MSFHT.
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Fig 5-11 Total ion chromatograms of GC-MS after reaction with resins
K AINISTHRAEFUIE FE 7 HI 0 & BRI ITR A IR, BELEEFHRER
BR, HEEHXIM, FOEEHE, ERE, BRURBRLEEY, PO
KELHBER.

523 SEBRERRMNER TG Y155

523.1 5EXERNBRBEE TG S5
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Fig 5-12 the TG analysis of original resin in O, atmosphere after reaction with sky blue
FEHHMNRENR, HPE—AHEA 30-370C, RER-49.62%; B
BrB A 370-605°C, R EAR1E-49.23%.
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Fig 5-13 the TG analysis of original resin in N, atmosphere after reaction with sky blue

ERESKELHENEERSAATEEARMRENR, KPE MR
4 30-375°C, JAETILH-38.02%; B _HrBAh 375-650C, FEZL-47.03%.
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Fig 5-14 the TG analysis of Resinl in O, atmosphere after reaction with sky blue

WigE 1 5RELHRNG, ZESSAT, TEEFRMAENE, EhgE—
BBt A 30-385°C, R AL H-30.94%:; 5 B ER K 385-655°C, SR B H-67.94%.
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Fig 5-15 the TG analysis of Resinl in N, atmosphere after reaction with sky blue
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30-360°C, AR AN-29.93%; F BB A 360-605°C, HEZENN-47.73%.
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Fig 5-16 the TG analysis of Resin2 in O, atmosphere after reaction with sky blue

PiiE 2 SRELERMNE, FRSKSKATERMNRENR, HPE—NBRY
30-385C, JEZALA-32.21%; FE_BrBA 385-590C, HEELIH-65.03%.
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Fig 5-17 the TG analysis of Resin2 in N, atmosphere after reaction with sky blue

s 2 EREFHRNGE, ERAIARATARMRENR, HPE—-MBH
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30-370°C, JREZA-29.79%; FHrBA 370-590°C, B H-36.04%.
# 53 ZFIRLSKKRMGERN TG. DTG 2%
Table 5-3 TG, DTG indices of the three resins

U S e R 1 P 2
BASH | REHB | 30-375C 375-650C 30-360C 385-590°C 30-370°C | 370-590C

FlaE | -38.02% -47.03% -3221% -47.73% -29.79% | -36.04%
HARAH | REMB | 30-370C 370-605C | 30-385C | 385-655C | 30-385°C | 385-590°C

TR AN 4962% | -49.23% -30.94% -67.94% -3221% | -65.03%
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Kl 5-18 WG L HENA RNV AR R PR EMF

Fig 5-18 the TG analyses of original resin in N, atmosphere after reaction with direct red

HIE# g 5 K4 R B S BT K TG BT UE L, BRI KENR, £—ME
H: 0370°C, FREBH-65.13%;: BMERN 370-620C, FREAIL H-48.95%.
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Fig 5-19 the TG analyses of original resin in O, atmosphere after reaction with direct red

ER4A BB RNEHEMEEESKAT, TEEHRMRENE, HbBs—
Br B A 30-455°C, FREZEAL H-52.53%: 58 — BBt A 455-615°C, FRETA 5-42.77%.
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Fig 5-20 the TG analysis of Resinl in N, atmosphere after reaction with direct red
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MREMER, F—ANBBN: 30-362C, HEELHK-3524%; FE_/ BN
360-600°C, FBAAH-23.51%.
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Fig 5-21 the TG analysis of Resin] in O, atmosphere after reaction with direct red

HETUEH, WiE 1 SRAEKMEEESSATHRES T EESHA %
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SR EAEAA-53.88%.

0 200 400 600 800
110 T T T T
100 —__
~ ‘ T FMWW”’“"-‘: 0
907 \ DTG
80 \
\ )
® 70 \ 1~
S \ g
= ] N =
60 ) \\
50 !
} 4 -4
404 \/ .
e TG |
30 4 —_ ]
20 L T T T -6
0 200 400 600 800
W/ C

Bl 5-22 W5 2 SHBERL RN FAERSSA FROREMT

65



AERZGE K F B F AR

Fig 5-22 the TG analysis of Resin2 in N; atmosphere after reaction with direct red

Whig 2 SEXOLERNEERSAAT, TEFHIKENR, HhE—H
B H 30-365C, BB N-66.99%; BB A 365-600°C, FEZ H-34.50%.
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HHE/C
Bl 5-23 B hE 2 EEHEANIRMEAE IR FHRAE ST
Fig 5-23 the TG of Resin2 in O, atmosphere after reaction with direct red

Wig 2 EXARBRNEEESSAT, FEFHIMRENER, Hp®E—A
BBt A 30-385C, B H-65.42%; 3 BB Ah 385-580°C, FiBZIL-63.85%.
xR 54 MRS HEAIRMEH TG, DTG
Table 5-3 the TG, DTG results of the resins

A el w1 W 2

HAA| RENR 30-375°C 375-650°C 30-360°C 385-590C 30-370°C | 370-590°C

# g 3! -38.02% -47.03% -32.21% -47.73% -29.79% | -36.04%

WA | REMB | 30-370C | 370605T |  30-385C |  385655C |  30-385°C | 385-500C

i FEE | 4962 49.23% -30.94% | -67.94% -3221% | -65.03%
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AT 10 2 X 2 IR R R R

Tk, URSHBRYE (AKX, KB MEBR SRR, x5 2 RBERMNE
BLERNEH=MEEET T RAESZRNT. IBERUT:

1. WRG1 W RE2xT R AR F R IIAE, B THEARFHE LR
ARF, AT AEHRRENBUARR. P81 E KTEHE AR X2 mBEE
BT ERR, HIRRE1X11.3%, THRIE2HREN N4.2%.

2. =R IR EREENIFREMERBE, BRERD TR0 TR E
A, BRI SHIERESBERB RN ERFERLERNOEE, HRN~ZY
FIHEL, KRR EL, FEHE, FRUKFEEYR.

3. S5 REERMABERHERNEHN=FMEEESMESEAT, #17
THESERGH, KRR, XERMNEMFETESRFHRREE.

4, M E=FWIE R NG Z @A SR RS RS TICP-OESK I, LI
RYSEETHENER. £R%X%, ICP-OESKAERMBFRPEMBH, £
WA A EERE.

67



JEF B AE TR LR 3

6 &it

B stk ek R S 1 SRR RIERFE T, TUBHUTER: &3
FRIL, K% SEKERHLEFe04 MTIBEIE T HOKEIIEYE, RAEXS2, 4-DCP
BATE MM A R, RAK MR ERSS 262, 4-DCP, 7RSS
fR N HZRIRE . AREEEE, RAL 10058 B TRILENL, ZRE
REMALE. LBREI, HBRRILEEENERAKENHELER KBRS
GUIKEREEYE, BB NAKKEEBHE RO, 4-DCPITIRERMN, FEES
YR I S SRR R B =, R 2-CP, 4-CP, %M%. FELEH
DOKERFERR2, 4-ZFEMPNNFETFEU—URAHEFE; FRGREIM
BT, REMSHFEEZEERARA, 2, 4-DCPHERERR, HEBREMERM
0100 DD

AL REAKEENE, KRNET TENARLE, B TEAR
ERRMEMST, 9KekM#E2, 4-DCPHITERE. LR A, FEEMAEEH0.01%
50.02%K1E M F, 2, 4-DCPEE RN LRI BT Re B A B PR R, HAEREETY
2-CP, 4-CP, HEyi=; T RNFUFEREMIEM, HP2-CP, 4-CPHIHK
BB, TAMBKENERNMETHHA HTENBUKERRET XS
HIEPEAL, 2, 4-DCPRIZERBSEHABRURMKKMMER K FEHRN
AERT, ERMITHHBEAESIATB X2, 4-DCPERE, FERMHEITI2A
K%, 2, 4-DCPHIERZEILFI8%, EABAETER.

DRAGEBRREBGEANEY FRESRAOTEMIEIS MR, SEALEY
HREMEBRIER, BEAESTRIBNBRMERS, MEISHERESERE
BRSSP EAERERMORE, ERESMNHR, KPR EE, ¥
ERHE, FNURBEDR. L3 EREERBDE W AFRRMFHIEM, BT
WEMHMAE LRESRR, HBEREAEARR, WEHEXNTHE2ZER T RN
fREaE . WMEEIREBRALENKEZRERSS T LR, HHRETA
11.3%, TR E2RIBREN N4.2%. 315 REFBAEEEERNE B =FH
FREESHMERAAT, #ITTRESERM, KRR, XLRNEFIRE
AR FHIEEHE. STRALEZ R AE R LA R TICP-OESK,
PUFT R T R R B E A K . ICP-OESKRE KM BIEHPEME L, XALS
MENESEERE.
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