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2.1 ##)

TR AN RN L (Ll 4D, LeiFERL 200 H (75
um)fii, FHES FA 5N 60 meq/g, MEARAEECH 15
mL/g, RN 100 mL/15 g, 250 (%, w): Si0,
69.32, ALO; 14.27, MgO 2.69, CaO 1.99, Na,O 1.85,
Fe,0; 1.84, K,0 1.38. ¥5e(ll LK Ftb—) )& K%
75.03%, KO (TH)22.63%, HE(T3E)14.842 MI/kg.
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DHG-9245A 7Y F FAHE it Bl XA (il — E R AT R
Awly, YT QLAR R E T ERYRIE ), YX-ZR
KIE H B EIKID Aik 2 7], SSM-5000A [#] {4 TOC
WA A ), HY-4 il 2 HES 0L A 4
MBI ALES) ), SHZ-88 /K IR as (VL 94 & dx T
PEI7 A AS), pHs-2 BURREE VI ( LA AS), UV-754 43
JECFETH(RIREEE =0T X35 ), ST-08A AL LA [HIFHI
SEA bR Ib 7 HEE AT BOR A B 7)), Hitachi
S-520 FAHiHEI(SEM, HAHST).

2.3 XWAHZE

2.3.1 VG HEAREPE I

FETI TG Y IG TR AR T, B ST JEURN S Y IR SE AP iR
HEATINE. & 7K%H DHG-9245A 7 e Hufe i sl KT
FEI 2, F8 R A (25 H AT F il o, TOC(TF3E)
F SSM-5000A [l 44 TOC Wl & {30l i , Kk (T55) H
YX-ZR K& A 3y i A4
2.3.2 15l L ROk %

DU RBASE R o0 JROkE, R i@ sy5de, TRE
AYJE INAKBE R 22 ARG R, H H AR 1 mm (RB0RE,
T 105°CHET, ARJETE S IRl hEni R be. Rrpend R
P TR 0K A 46 A K RIS Ve AR B A WL sk, TE
BOR B BRAL, 2 HE BIA3 3 2 FLy5 e B -+ on:
2.3.3 [HUAL 5 5 B 1 s

WUREA 1)1 42 )2 (6] A3 WL A e AP 7 &
700 C [ Beds (e 2k ) e R

FE 5 Ve A OB SO T HE I b, AR E I
HFHRAA T 105 °C REET, AR5 HERFR ST 3 5 ok
B (W) HHFE (W) SRS TE DL IR A 700 C R RERE
BT, BUHE T AR, FREMIRN S5
WORLE T (W), PATSEES 2 WK, Vo de i 50k (e 2k
7 S (mg/g)=(W,—W,)/(W,~Wy)x 1 000.

2.3.4 FRAGTS R A R0k 1 1 £

FH R B T ¥ e I3 - S0 AT B VS 4. ME A AR I
4.00 g FUKL T~ 250 mL HETEIE T, AN — 8 W EE AR,
W R RN g R, 2SR sEEaR, BT,
BV A R 1% A ¥ YR ] 1 R
2.3.5 MURLI P e R AE

PR A T i v e B L ks () L R T BUR - ST-08A
R LR TR 2 OGHAT I, FH Hitachi S-520 $94f LB
(SEM)X R A 1T i v e e 1 S0 B4 T 2R T OW T 30 2
SERIRIRALE.

T T2 TR A 5012 7 06 3] - R () L i ) 5 4
IR L RAT R . P 0 S A O R LA iR 1), B
1 2.00 g(w)BRAGTS Y 23 350K T 50 mL HETR i,

BN 25 mL 25851 7K, LU KA 360 {RK/min P& [ WY
30 min, LA BUOR AR ECEESURL 105 CHET 2 1H
(Wy), FEEISLE: 3 IR, B D(%)=(W—W,)/W;x100%.

WS 7K 2RI 7 ¥4 [ S A i R 77700
(GBIC/T789-81) [y 5& BEAT. 15 )45 I SURE FEON. FE AT
HEEAT A TR T, 2R 3 4 IR (ws), T
NI 2R AT BoREy? Tk b, 2ol 3L
JEAZKH. 327K 1 h Gt 20 H (830 um)fiii, #€7K 1~2 min,
RIGEITEST T B b, T B W, AL
FETE, EEURAERT FAIRES) 4 )G, KBkE N &
B B, EE ERPE 1IK, RERREW,).
K1 h B 7K W (%)=(Wa—W3)/W3x 100%.
2.3.6 FSEAUGRL I ZK [ ) A I € S

(1) BEBLG R} p 7K AR C 1) B b 1 2

BC I K 50 mg/L [RIASEEL L) 1 K 3 P 3
K-GL, R HARE A — R RI B R, 40 e
WOCHE, eI RE SR FER bR M2, Zetk Bl
7 y=0.01106x+0.00238, R*= 0.99998.

(2) BB Gt} R 7K F I € S 5

FREX— o B IR A v Ve R L kL T-E TR
TN P 38 0 v e S — s ) i, B v 98, 76
B KR K 597 nm FIIOGEE A, AT L5031 T 3 k.
it £, (%) =(1—AVA) < 100%, Ag hy J 5 .
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3.1 BRI SIEEmER

2 B2 el P 5 I 0] Ky e 7 1 A R 0] I 1
LG AN RS, DA AR R P s A R A 2% A2
3.01.1 KERER

T PR R R R R TS Ve S KR AL, T
TE R e B, TR O B, A R T
SO SR (IR B . e AN TR B T B L e R R
FEAN], BRI 1 e xR et B JEA TR 5T

W5 e 5 B L i LA 105 IS (0 0k 7 2 3k
o S LA RV R4 4 h, Bec i s Kl 1 fios. i
BIRT DL, Bl R el B 1) T v ORSE PR 4% 2 e AN BT 48
7 700 C B2 B 133.54 mg/g, FEATEFFAT, THE
4 800°C, BEOHEMY 134.83 mglg, USRI, Mok
700 C A A f R R el L.
3.1.2 JGJarnt e

li] 72 K RIELEE 700 °C, 25 SRS RE T [R5 el -+
ORI IR, SR WLE 2. MR, BEE R
IR BG I, Be R m AWK, K568 7 h MR E R
149.65 mg/g, AREEHIINKERENTTR], PR BENARR /N, 1
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Fig.3 Effect of sludge content on ignition loss
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VRN EALIA, V508 5 R AN 1 0 R R 2>
PEARE RS . DR 5 e 1 SN I - RURLAL  5
Mg

P K Pl E 700°C, REREINTIE) 7 h, ARG
BN 4.76%, 6.25%, 9.09%, 11.11%, 16.67%, 25%,
33.33%A1 50%( B[ 5 Y AEZ i - () st oy 5l oA 1:20,
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Fig.4 Effect of sludge content on decoloration rate of Turquoise
Blue and lost ratio of granules
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h 1:3) ROk P v e R e s 4, BRAGYS Ve A Rk
SRR MO 46.79%, Wb Rk S| 2.36
mg/g, HUILINROR T HUR 28T 0.42%, AT ML
MOREE. VoY SRt — bR, MR AR K, (H R
THEBANLZ, ARG RS, FEOSR NG
VERRIFEANTE A HIGORL IR 52K 28 A B 1S OK  H IR R ik
55. LRt e, wP 25% N5t i, Vg
MM (i b)) R 1:3.
3.2 i BhDEH SRS MER

P T 20 L RORE A B HA BH B 1 AT e 8 ) A5 K
BRMTRETE , LR AR E Bl g B 700 AN AR L R IR L
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AT, X A FE SRR VR, HRS 1 RE g
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3.2.1 WAL IR

TP PR TR JEE R AP E 1 22 S ) ST 1) TR A 25K

S EANTFI RIS, RIS A ¥ 56 5 SR A R i

PR ORI (SR I RE M. PITI EL 4 BRI 7 i e 1t
POUMITRIR . AR R ERIR

HCob 26 FRO95 YR 2 UKL TR 2 A 2 mol/L ) 4 il
R, LA 25 mL/g ML LEAE A A 1R R 3R S v
4 h, BIFFHRRALTT YR L UL, K ] T3 1 2R 1 A
s, WA (R 5 R WL 1 s, thaR AT LU
H AR A 7115 PR JURE FA) I3 €0 ROCR LR A iR £
AT PTECRE s HoSOy i A 75 Y NI - RORE I 1 22 1
W A (Q) AT B (2 % W dk i T LAt 3 R, DR ik 4
H,SO, Tl T 4 I A5 Ve A - k.

1 BRALFIN TR IR I T IR AN A S R A A

Table 1 Effect of acidifier on adsorption and decoloration
of Turquoise Blue at room temperature
Acidifier Q (mg/g) Decoloration rate (%)
H,SO4 1.25 24.33
HNO; 0.22 4.24
H;PO,4 0.43 8.32
HCl 0.09 1.78
Raw granules 0.05 0.99

322 [t

TR - FURL T AR R AR ) LEBUAN TR, oRE 5%
We RIORE (R BRI A ORI [T 2 B BRI JEE 2 mol/L, T4 3%
VRUIE] EE 25 MR A i ¥ e N2 1 UKo 3 M 22 S 1) e £
BOR. GERIER 2 Pon. AL, SR UL
W] EEBROR,  Rh i 3 22 GORLI) I (0 Ry, ARV I B
25 mL/g I, BRACTURIGS Gk B (0% 24.33%, IR KT
B4 1.25 me/g. AHEC T Ll 12.5 mL/g I Il €4 % %
AR, AL, deH LA E 25 mL/g.

R 2 RE LR TE IR IR R M AN U R AR
Table 2  Effect of ratio of liquid to solid on adsorption and
decoloration of Turquoise Blue at room temperature

Liquid-to-solid ratio (mL/g) Q (mg/g) Decoloration rate (%)
12.5 1.05+4.36% 20.45+4.36%
25 1.2542.64% 24.33+2.64%
50 1.3242.34% 25.86+2.34%

3.2.3 BRIRWILRIK

DA A ¥ e ] - Rokr (& Ak ), ik — 0 52 0L
WIGEAR FERT GG BRI 5e g, g5 Rl 5 Bios. ]
L SO T R AR PSR ARk (1R B 28 A B K IR 5 . R
WS 4~6 mol/L I, [t fim RV BE RTS8 oy, e o) %
HRRER R B e RIS R, WREEA 6 mol/L ISP B &k 2.98
mg/g, HIARIER] 60.25%. M5 ARSI B, W
S M €0 20 (R 15 I 38 W o2z, PRI 6 mol/L 2K
T AT Y8 I T ORI P i R B PR VR
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Fig.5 Effect of concentration of sulphuric acid on
adsorption and decoloration of Turquoise Blue
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TP ST TR A 7 YR SR - UK FAY e € 280 R A
HEFER, AN AR E A A T 45 AR A 5 e I TR
TR =R ORI M S R 3% 3 s, ma&mT 4,
WA AR B 25 A A 45 AR TR A 15 Ve I I - R 0] 4
FHR B BRI, BRI A A TR S, AL ST
6 oS v e A ORI T IR AL R
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Table 3  Effect of reacting temperature of the granules on

adsorption and decoloration of Turquoise Blue

Temperature (C) Q (mg/g) Decoloration rate (%)
20 2.98 60.25
30 2.38 49.48
40 2.34 34.06

3.2.5 EAGESTR]

FOAb S AT ] e AR, 25 SRR A IS TR 1 2 3 €7,
ORI REm. 25 RN 4 Fros. ERWE, BEETRAL I
() (PN, A RS o) ¥ty e 25 0 O P et i g 184 m.
FRAGIN [B] 4 4 b Iy, ORI Gk (W B 54 2.98 mg/g,
JI (2 18 42 60.24%, Ak SEHG IR A4 I Ta) ) i €425 R 5%
W) ANK. DR ¥ Y A R FR) e A s A IS T) A 4 .

Fc 4 BRLAT(E) % E PR BE IR MDA B S SR AV S0

Table 4 Effect of acidifying time of the granules on
adsorption and decoloration of Turquoise Blue

Time (h) Q (mg/g) Decoloration rate (%)
1 2.33 47.76
2 2.43 49.87
3 2.47 50.60
4 2.98 60.24
5 3.14 64.28
6 3.16 64.75
7 3.06 62.73

3. 3 FHuAL AR BT e S Bt B R AY B2 IR
WU R, B E W B 100 mL/g, JNINE] 2 h, %
FHASKN R R 10~20 H (830~1700 pm)fii]. FtRIE
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PERORL S 5 Je NEZI 0K 3 Al AN [ FRURURE I B 771 5

ARSI AT IR A T Je NEAI L ORI B2 50 mg/L )

I PR SR QOB T B ORI P S0, SRR 5.
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Table 5 Effect of different granular adsorbents on adsorption
and decoloration of Turquoise Blue

Granular adsorbent Q (mg/g) Decoloration rate (%)
Irregular carbon 0.02 0.36
Cylindrical carbon 0.25 4.96
Raw granules 0.04 0.85
Acidified granules 2.35 47.18

IIHT L, BRI RS YR A R A 52 1)
i € R KA T Hefth 3 FURE Bt €051, ERLRAE D — ol
B UREIR B 57, R AT Ve R R DAy — AP S B
BN PEGERHR K BN S04 T BIS LA,

4 BRAL YT R I IE LUK B 1 R K S5 A

4.1 MEERIE

SRR AL T I 75 e i R A TR R s, JLER
KR B FIRK R MR 6 . ATLUUEH, B
WA BT U I - R b R UR ) L 2 1 R B
YR/ T O3 P 2 D A R A R R R GR 5). X

(a) Raw granules

S T R e A B 25 T JOREFLRR B) 1 2% BT, 4T T LA

LA R AL, BLAR T SOBURE FLR AR A, (IR PR =S

REHEIN, AT 7 IR AT 5 0 ek

AR 28R . TR A Jim JDASE (R AT it J8& A W 7K A< AR AL AN

Ko I IR il B AT (R PURRY R REAER 22 1 4L

B, AR 2 R BRI, S A A AR
& 6 SRR IE T BRI L AT E R I RESRAE

Table 6 Characterization of the granules before
and after acidification

Sample Specific s;lrface Lost ratio Water

area (m’/g) (%) absorption (%)
Acidified granules 4.71 0.56 17.65
Raw granules 8.16 0.42 20.43

4.2 GEHRAE

Bl 6 AR ET 5 75 Ve i 1 UKL ) i B SEM
K. R, VoIl LR i 5 e S a i
WRbe BB I A2 K R ALBR HLM A TRk 5
FAHFLBAT TN, BEIBRIR M A AV E ) LB T 364
BRI TR P8I 20, — 2 R LT IF T 450R0 & i Al
JE TR IR, WK T LBRHEIAN,  ATTEE R T % YRk i
R,
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(b) Acidified granules
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Fig.6 SEM pictures of raw and acidified granules
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AT SR FH S i ) 8% 0 SRS R B 751055 1k 2
(IR R R R LA AT M, SR BE IR FES T 2 5%,

RS Ve A L J0RE K A T 1000 JT/t, PR 1k
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JUARE IR B FOT 5 P 22 S AT B (K B C8CR, i HL Sk
W AR R0 e s g, SEBL T s Akt . P
R AR g —. I, BRALT eI LR
N OB R FRRORE R B SRR, DA T5 e I BEdsdb . A
TSR TR TR g A

6 % it
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i L URE R B R R 26 T 208 BRIRIKSE 6 mol/L, W
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Preparation of Acidified Sludge—Bentonite Granules
YUE Qin-yan', YUAN Ai-juan', LIQian', JIA Hong-yu’, GAO Bao-yu', GUO Xin-yi’, LI Jing', YU Hui'

(1. School of Environiental Science and Engineering, Shandong University, Jinan, Shandong 250100, China;
2. Shandong Academy of Environmental Science, Jinan, Shandong 250013, China;
3. School of Control Science and Engineering, Shandong University, Jinan, Shandong 250061, China)

Abstract: Taking sludge as pore-forming agent, the optimized conditions for preparation and acidification of bentonite granules were
investigated. The effects of calcination temperature, roasting time and sludge content on the porosity of granules were investigated to
obtain porous samples with better mechanical strength, which were further treated with sulphuric acid activation. By altering acid type,
acid concentration, ratio of liquid to solid, activation temperature and activation time, the acid activated bentonite granular adsorbent
with better decoloration properties was obtained and characterized in specific surface area, lost ratio, water absorption and morphology.
The results indicate that the optimal preparation conditions of porous bentonite granules are calcination temperature 700 C, calcination
time 7 h, and mass ratio of sludge to bentonite 1:3. And the granules are acidized by the sulphuric acid of 6 mol/L to react for 4 h at
ambient temperature and ratio of H,SO, to granules 25 mL/g. The decoloration rate of Turquoise Blue by the prepared granules reaches
47% in 2 h, which is more excellent than that of other three granular adsorbents, irregular carbons, cylindrical carbons and raw material.
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