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Fig. 1 Selected solid waste generation in China
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NEAEFE AL EAGEA FER TR TS bealtl FIRPRE N SR s, AR
FE N NI RS U R AE R . RIS, BR T 25 PEobe bt FIFPRL A ] FPAERIS FPES S, 2 o 4 ]
fRgRs. SR, AR AR Fe il s beab il AR R rhr, Dm0 | RO Fbeh] A i 25 5+,
AL A B ACRANR], H s R A R R T

1 1RE5HE Kbk

1.1 IREEREHIRRIE

BELETEAE ) F BRI — SR HTRE - BRI A . M ALO, . SiO, Al
Fe,0, 55, bedbiik i syl s A e ds 5Bk akh . nokdiedl . Bl FRGIAE , M. BehlFne A, sk
AP BRI, (A ER PEURLARAIE 2, MK RS PR febestiit i, T+
TR, BN N IMZ AR e A2 et B NILE B, AMUESE A5 AN
e, NERHR IR E
1.2 FEREIERIE

PR 7= T A — M 3h . IR R Ak B | =
Bkt WL, TBE . BRSERRAHIA L R, fok
T
P shdf-HA —@ g . SR TAaNEE o
fip e —E R, Bk R, SRR
P T ZALIRRL, P 2 iR TR me  fmE A R Rk SRR
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IR -1l e e tinite K Bhr i e o Fig. 2 Simple flow chart for the preparation of sintered bricks
1.3 (R E &G and ceramic granules from solid waste and clay

A5 bt it AN L 1) JEURE 3 B2 440 4% Si0,. ALO,. Fe,0,. CaO Fll MgO 45, 1 TAEERSMT,
Si0, Fl ALO; Az MG A S0 W) T BUREE G FIF R AE BEHETR , 1] Fe,05. CaO 1 MgO -/E N BIERIn] {2 ik
WA TR e i LR . RILEY™! FOAIFSY 2 BBk Bk i) IR b 2 2H e B2 T — oA i s
XIRPY, EHERIELAR Si0, 51 529%~79%, ALO, hitl 8%~25%, BHEHRI L 8%~24%. WAL, #ilehke
T PP T B2 R AN ORI AT il LB A e i SRS AR s OB il T e S ™ A fE 6%
ZPIEAR B AR, TR E SR AR T Rl = AR AR AN . sk . BRIl
AARER, PR s A I I i VAR Fe o o R B Ui o8 s

2 FIFEFEF R SRR &L M AL

2.1 FIRS RS HEEFBER
15 /KA BT HER 15 e H E A R 4B ARG Pb, Cd. Cr. Zn A1 Ni UM, {5RHPEA Si0,,
ALO,. CaO Fl Fe,0, S5 EZ4AY), HT Wi Sk AL, FEReGsfite R kL il gl vz YRS 10
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FROVEAA. MA, T HEPYE, VSIRAMYAT ARERCRE, 8] LIVE NG S P R R

MAKNI 2531 7E 850 C F, B+ 0%. 8%. 10% Fll 12% M AB4CI5 IR Aokt +bebil ik e, 450,
BEE TS UEB A LGRS, fEHfLBRR . PURSRBERRAC, (A TRrR 2R E. BA 12% 150
Bl S s R 4 R LT RR(E . GOE %51 F1 YARAS!! R4 5 e 5 A T 3ebe it b
FIRFFE AR RIS SR . ZHANG S5 S A & 5 JE AR H7E 950 °C Rl 3 h T alikedh
fite, FEREhE AR AR S R SRR, X & S80S A B TR rE b LB LA I
B, W 10wt% BTG, fEH S KB EHR FIRACR S IBEIN T2 4% F1 0.8% , FSWAFLPH
WM 1.8% HEINE] 3.15%. B AEE R T, SagEIS RN LB 2h 6wt% LLREF, Cu. Ni,
Zn Fl Cr 25032 H Mk BEAIC T AR . HASSAN 207Kk mfi s e fl 38R A, be il i b ik I R 4 il 78
900~1 000 °C Z[a], A THYSLu2s FRMBEE TS IR HLHIRIRE N, Hil &% TR B IR REAIK, ki
WKW, 3% T15UeiR A S AR S SR T s E AR PRER T2 B . 26 1 BT
HABAEFE - O Tk 5 e S5 e i 1 = 2B B MERE

x1 FIREREHEREENEES RN IR

Table 1 Main parameters and properties of sintered bricks prepared from sludge

PR/ PR/ RN ®

JEEH 1EUE T BE/% HAJENK « MPa WK /% Jratrsn E = PN

EIP ST i 10 As. Cr, Cd. Cu,Pb 1 100 245 11.4 2 [18]

Tk 59, Kit 10 Cd. Cr, Cu. Zn, Ni% 1000 >15 <10 2 [19]
TEEE ., BhEA RIS 5 Cd. Pb, Cr. Zn, Ni% 1050 20.4 12.29 & [20]
2R R oA W ot 1 e 10 Cr. Cu, Zn. Ni 1050 15.66 6.76 & [21]
HlE. R, MR A RIS 6 Cu. Pb. Zn. Cr 1100 14.24 15.72 2 [22]
mBEEE . Kt 12 Cu. Zn, Cr,Cd. Pb% 1100 >10 <19 e [23]

iR SR A W w1 B33 27 1 20 Cu. Zn. Cr. Ni 950 50.24 773 i [24]

PTG VTS PR IR N 2 Wi . 15Uk B Z2ALA5 AR B RS, T VAR R R |
FIESCR T, AR . XU SEP A5 KSR HIRAWIE 1000 €, befil 10 min efil4
Bk, IfEhi I T heshiiEE . pH A1 HLO, VREEXSFRrf Cro R tErsm . 255538 il
F 900 C B}, CrMiR AL AR, pH Al H,0, WREEXT Cro (iR AT — s, 12 IR BEIC T R
PRIRFRHERLE YRR
2.2 FlI MR AR I & e sE e FOpaAL

WY BRI 1 R PR LR, B S 1 2 A RLER R A i 4 w0 LA
K Si0,. ALO,. Fe,0, Fl CaO 541, TEMl A Laasnl i B AR REIK , AT LASRE T IHFE, 16
D T IR YR O 7

VFEFFEERUEI T BB AR S5 [R5 bt e RV E R SR AT A T2, XU S50 -7 T /5
TRFR LA R AR T R EE G S . SCIREE AR . TR G W MBI S BE A Ry BRI 1 7 e T 2 T
K, (BRABIFIEA SO SR A ETE, SUTCU 2059 XF&rkt | BRI K BOfE i vEREDEST T HF
58, MARFEVEARER (AT (TCLP) , PG Thehilie s, 5. M. k. SRS RSRIRIIEN. ]
AISEERAERRRT . 5 1050 C BEfilfEAHLL, 950 °C Badilfl BIZMALBRFIRK RIS, (HHERURE A SR
Hm i s PRI S R RS I S50 A FUF LB R IR SR IG T, (EERU B R PR BRI Bl A Y
4RI R BT IR BTG A 774 B R A de R AR /PR

FIRERH 5 PR A e . 4L SREE R A TRA AT, v LA V2 Hus FTE SRR R
THIERRIRET . QIN A8 PEAE AT IRYE . MR AT —LEZRIIFRIZE 1 000~1 100 °C AR Rl hibest>
A r= A WK AL R A B RL A AT A T . AN 40wt% A IKIE . S5wt% BEAH Swid fik e i Fakr
16 1050 C B, RIHRAEMERFE ] 0.74 g-em™, 24 h KRN 39.03%, FMFLEER N 49.49%,
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[ fEHTHEEE A 4.73 Mpa.
2.3 FIF R HIR RS TR

GSREVSHKBAHAEYR, —%HE4LE (As, Cd, Cu, Pb, Zn, Cr Fl Mn) BI&HEEIX 100~
150 000 mg-kg "B, B TR RS LR, AR S SRR, SR S G B s S AR
R, BEARRERSREE , DTSR E0E AN RETH EAREESR . CHEN S5 LGS 2410 H 43 FLS RS - AR n] >k
VRAMER R AL P R Bt . S50, FERARAIE T, BRESE Y125 ALK SRR 20.03~22.92 MPa Fl
16.54%~17.93% , A ERPERE RN APEYI AT . 7= B F 2 WA AR gkm™ . Aoe . 85K Fifin o,
LI 2592 BE5Y 1 RS TP 4 R IR 5 R (Si0,+ALO,)/(Fe,0,+#Ca0+MgO) il (& X SA/FCM
Fef) . SiO,:ALO; il Fe,0,:Ca0:MgO Z Y C R . 45 &AM, K SA/FCM IEE /N, Cd. Cu Al
Pb 3= 47— 5, R R SRR In, 1 Zn AR HS VR BE DU e B S R . B E
Si0,: ALO, N, Cu F1 Pb MR HIRIER TR, Cd IR IR IE 2 e INE RS, 1 Zn 1912
WS buE ETE, JRARI TR, BEE Fe,0,:Ca0:MgO H Fe,0, MIXERAYME, Cd. Cu. Zn Fl Pb ()
BB SCT R E RS, AR RIS Wi KRR D il & etk . 25588, BAET 2440
SRR BHEIK . BEEIECLLN 6:2:2, SRESIRE N 1100 C. FERAERMT, Btk T RsRE N
124 MPa, WAKCRN 4.6%, Kbk Cu. Pb. Zn H4 @R MW T  EARMERI(E.

LUO 2 iF 5 T R YRR RIS A AL =R T Se I 4 B L nT A Tk . 2R3, 44
AT/ N 30wt% I, il g BBk 4 B IR v BT L AR, BEAh, Pb AT Zn AOAETERRAL T FAAY
FOWENE | PURBREE AR . B RiBE R il GBS TR UK (W1 Pb,(AsO,), Ml ZnFe,0,) b AR R AT
YIEMERIA G, FEI5AE LIRS . By AN IRk s bk, BRI, BRES . MK . 15U
FERCEL R 40.3:44.7:15, TEARIR T HA Cu, Zn Ml Pb REMEAKE H i HHIZ vk AR # K, Pk =2
A A IRERET . B B BRS)E, PRk ER TS A REERER ST, O R I RRE
R TR AITER
2.4  FIRHTEEREFIHIE RETEAPEh

HE S5 R FHARJE Rt e il s bedhn , AR beat iR AR R i EARIE TR IR R 40% , fed
TE R 1050 Co MIRES BN, TERAERE R, BabiE i | Wi WoKRATHSRE /5
891%. 7.49% . 17.91% F139.1 MPa, & ErEHIZER, MEE SR HLKERE, BHERPTEESE
FrRIIAGE P EARERUE R RIE, HA TR etk

SHAO S5 DIFELE €K | 15Uefni5ye +358 0 20k a5 bk, Bl e i A — 22 HLBi RS AR A as s .
BEREIK, T5e. 159 HIEARS I ERHL B HIFE 30%:40%:15%:15%, 1F 1 150 °C BEhlfS 2Pk
LA PR MEES S 1| h WOKFEHR 0.97%, HEFEREN 998.7 kgm™, [EIMHUEIRE N 37.84 MPa, It
Gh, E4IREIE AT R EARE, Pk 4 A e R B AR RN S 4RI U A AR
S
2.5 FIRSRIIESZREEFE AR

FER DS PREERE 2L 70% (0 FL B I E 48 15 e 3 U A R Tl iREe, 45 R IrE e
AR ESER AR 2 As BRBREIR IR, UEFEN As TERbess 20 Tl LUE R T
R AR S Bt AR S R X EE TR RIZ T, IREW S As Bt TRAENE DL 30% FHEE
LB TEY IR 70% TURRIVEREER, A= iledhte Xt . 4. #EERS 01N 22% . 100% . 61%, HEikX
JRA T E 4B TS YR BT AR SChRiE, IR A R B T AMERR A, Ml S i e Ry
PRI R B eah & ks, LA Cr AR Mk Ak B A Fehr, i Escseilifive ML T 2455
B SRR, TN 25% WK, 76 1120 °C FEEH 10 min ATA3 R MR,

LI 2604 2 Ftd + 52 (RIV5 ekl b +) DOREELBIRE S, 76 1.000~1 200 °C FBekefil &b, LA
Fepki b e 4 Jm iR R PR AR, B TS /R0 B ERE LU eSS IR 0.6:0.4 FT 1200 °C. 5T 3R
B, BRI A A TRARIE R, fEdF T E AR S aERREL 2 [ S AR & i I A BRI,
EL B TEF R AT LU A AR e Y . WA AL . FAN TR R M A T Ul AR 4T
AR . HABARIFSE AR BRI TS G eV A IR A et AP AT KA . T i S BT,
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3 FRGHEIENTESRRENHNER

3.1 BEEEE

LRI E RS TR TR TR, R+ 5 H SR 2 [0 L5 5 SO A A IRt o 72
o XCHE AR RO ZEFSRAR IR R B ZG . Al e T, EESEZ MRS
FOERIA. BN, B EATEREY, FERTIRAEXER . 1 2A 4 R AT R R A BRI () T
PR

XU GBI WFGE T 15 IR PR e 45 1R B X 4 Jm BEFE (2 . PR, BB A RE TR, R
Cd. Cr. Cu il Pb (i@ S IR BRZ5 IR I 900 °C FHEF 1000 °C, 4 FhEi 4 @i 1k i IR BE R
K. TEfRB R beZs it AR, BEERBGRER TR, PURSREERE, WoKREREIR, XEH TR T
BHRITFRATERL, WA DIEFTALBR, (S E 4R nT LIA RO e EAR Sh, w> 512 i A,
KRS T AR B nT RE I

LT —EIRE T, SRR KRRas i MR A i R 2SR, e BA R 2 E e oA
FERRAAFIY: KR AR B . XA X S 4 i S hedstt AR A S W Z RSO i s i 2k, 1A
WHESRAZHIR T, XOTRENIMEE A Fm . R RET, AR E S8 vT Ll b2
PREGAC R FE TE AL F R, LI 3501 B9 HAREE &R AE 1200 C Rk i EdLs], Wik 3(a) B, M
X HHEEATH (XRD) iSE 55, BEEBELSIREEM 1050 °C TR 1200 °C, A TR RHIFEIGSR AR
FEANAE, (ST e L 20, RS IR TR AR T A iR, - HoA i s BEREAIT
AL SHYHERA &, 1050~1 100 °C il 45 APk £ 2 AR Yo A9 . 81K (Na,0-ALO,-6Si0,) Al
FERRERAY (PALSL,Op) o T YRLE R L 1100 °C BFIT4A BB A SA , AnEDME AR (CaAL[ALSL,O,,]
(OH),) . HHKA (ALO,-Si0,) | FEREREE (CAALSI,Of) o FW Y HELATREIH R FAE 1 100 °C LA EAERES R
BE T WA et . it FactSage MR 241 FAAS 2] THEE5IREE N 1200 °C B —JoAHE. 4l 3(b) Fr
7N, 1200 °C BHEBLT4REIRER (CaALSi,Of F1 CaALSIO,) 1 Si0,, %5 XRD ML RART . XEH N
ZiER P E SR (RERESNE) S 50aERE kA R N, TR ENE Y (40 PbALSi,O, F1
CdALSi,0) , FH XRD & FEA SERERRERAISCH R, X & BN T AR W YA A+
EEENRKIRE.

AlO, - SiO, - (Fe,0,)(Ca0)
1200 °C, 1 atm

A-Fe,0, B-AlFe,0,
C-CaAlSiO,

o D-CaALSiO,

> E-Calcium iron oxides
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200€) 2 Ji iS4
(a) 1 050~1 200 °C T FUXRDHEE (b) 1200 °C, 1 atm A =JCAHE

E3 SHRTERIEMERAA XRD EEMN=THEER
Fig. 3 XRD spectra of ceramic grains prepared from contaminated soil at (a) 1 050~1 200 °C and (b) ternary phase
diagram at 1 200 °C and 1 atm
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U ELED YR R, Fe,O, SF¥I Bt fetbeaid Re s WIARAEIL, AU, FRIREEATIRE. JEURHY
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3000 - A O e (il AT Il ERE S S ) b A

LI S FESCG A R 30 SA/FCM X E 4R TEReditt H e Rr A R . ani&l 4 R (AB fERESTR
SRV, DW IREREEFIK) , 7E SiO, fl ALO, FHIEMANT, EREARAZHAE, WAEER
Si0, fll ALO, & SERESEIE N TR, XEWE E MM G 2 [0IE s P m S 2= 1 o 1Y
Si0, fil ALO, Erif/bit, AR tE 2B . T IZIKAIZEF R Ak f4s A, 48 NEErE
PEEERE INSE TR, X SERI SN ESRR R, Hik, 24 SA/FCM HES SaGd ke, begbktt 4
JE I EERCREBATIAE . AIFTHGE, BT ALO, ] LMESERELERE th Cu® Fl P> X HRHARS 7 (AP g
Ca™") HUR, MR IE Cu F1 Pb B HHET, LI % ZMBEE ALO, Fl Fe,0, BIIA, Bk Zn Fl Cu iy
12 e W E AR, H ALO, FUIIANT Zn A Cu A9 PEREARE A . Cu Al Zn KRBl Fh A 454
(Rl ZnAlL,O,. ZnFe,0,. CuAl,O, Fil CuFe,0,) 1, XEEIFHAFIE Cu Al Zn B FEEAFAAAHH. SiO, BIMALL
BHRTF Zn WEE. LA, Fe,0,. CaO Fl MgO AT LARFREE /A, ARERRER s Rk PR ER7E (L S
SERNIE R o XS A B FAE 7 HA R B ARES A 0estnt , iR 3mSR EEFRCR I B,

0.327 —m- 241, AB [ —m 241, AB
—e-30d, AB 06T @ 30d, AB
24 h, DW 24 h, DW
o024 b —w-30d,DW 05t e, —w—30d,DW
' —
o= — = 04t —
Z]D D\._ / — ,:]D '/‘
g 0.16 | I*-——‘Q\ __— g 03}k L /
3 —i ] \ s e
3 - @] /'
0.08 02r —"
. v\v\'\vﬁv —
\,/"/ 0.1+ —
\'v_‘vm'\'_'_'d’—'
op A 1 . . J ok . . . . ;
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SA/FCM I (H SA/FCM IL1H
() SA/FCM LB AT Cdis H 2R (1 5k (b) SA/FCM HAE X Cuds R 1) 0 14
08 S5r
—m24h, AB —m—24h, AB
—e—-30d, AB —e—30d,AB
24 h, DW sk 24 h, DW
07k —w—30d,DW P v 30d, DW
— S *——e,
—~ L \.\. .__/. —_ ‘h:ﬁ:/. .\' \
1} '\.\\ e ./‘—— . 1] 3 = '\
g 06r ~———— g L \:::
A | g 2t
0.5 '\,\v
—
\\'\v/,’v——‘ Lk
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Fig. 4 Effect of SA/FCM ratio on leaching rate of four heavy metals

A, HIEREER AN, MEBE R AR, ot L BRI K R A4 i
AN G L i 4 SR XU o R BRSO S AEARK AR AT RIS A A — e, AR e 3
TRIFLBUR IR, BEmG (FLBUR A LR IR AORIEME, AR TP 14 m B
3.3 RHIME

TEREHORP R I, eI RE R BRI E SR TP R 2 T, XX A B AR A — 2 R
LI AP RIFSERR, Btk S Lot 25 B2 2 R BRI AR, R PR — SRR AR R I 25 A FEAIR
pH 20 NN, 1Ak, R R, BRI heal ik AR AR AN FLERZE M, pH (AR 25
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WA — S S SR E DI A 25H, FEESE B TR M A R AL IR B At 2 X he i A pappr
HEEEIRBA R, EAREIRE R 5~45 CIEEMN, FRH As Ml Cu B3 H R TLF AN FEE AL,
i Pb F1 Cd = e BEARARAR K, {HAE 45 °C F, Pb #l Cd IR I EEAIAERE 0.01 mg L', K FHrdEh
FIBRIE . bk, Cd AR e BE PR B T B (A8 fE HE Pb K, X T B J& A CdALSILO X il AR 1L L
PbALSi,O, HER. FHEIRENTHR, EEBILEGYIAREWANIEM. b, HEREEs L Bk
WM BT ER . RSN, ZIRM . /KT S5 AR 2R B s AR i REsE pm it 2 4 ik
7, DA Ea G S SR A R XU

4 REMRE

5L, ARITLESS T A A S i s ettt Ffp ko e [ B m e . el & bedstl Al
PR AR, TR T PR, P IE AAAR RE  DF L AR R LA [ A
BN, EERJE AT LUl A RO AR ERRER A b | S U A AR R A 0 257 3 e
SETERREERE S BARE b o BRARIRIE | JFURME P o R IR Y BRI A5 DR R AR 2000l o o TR e Pl — 7 AR
wnigie. R FB MK FME ST b S A —E R E R, WUREEEAL B X PR A R ™ E K
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Advancements in utilizing solid wastes and contaminated soils to prepare
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Abstract  The industrial development generates increasing solid wastes in China. While, it comes a big
challenge to treatment or recycle these solid wastes. The traditional solid waste treatment methods as landfill
encounters many problems such as occupying and contaminating the land. Besides, China has large quantities of
contaminated soil in brown field. Due to high remediation cost and immaturity of the treatment technologies, the
treatment of heavily contaminated soils also attracts widespread concern. Since the solid wastes such as sludge
and fly ash as well as the contaminated soil contain the main contents of SiO, and Al,O,, which can be used for
preparing sintered brick and ceramic granule, this is considered to be an effective method of recycling to reduce
the release of heavy metals. During the sintering process, the liquefaction of minerals promotes the reaction
between heavy metals and aluminosilicates, meanwhile, changes the valence states of heavy metals, which
results in effective immobilization of heavy metals in bricks and ceramic grains. The immobilization ways
include the formation of stable minerals, encapsulation in a solid matrix, and conversion to low-mobility valence
states. This study summarized the research progress on the preparation of sintered brick and ceramic granule
from solid wastes (sludge, fly ash, tailings) and contaminated soils that contain heavy metal contamination,
outlined the process flow and process conditions, analyzed the factors affecting the stabilization of heavy metals,
and made the summarize and prospect for the feasibility of preparing sintered brick and ceramic granule from
solid wastes such as contaminated soils.

Keywords sintered brick; ceramic granule; heavy metals; immobilization; recycling
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