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Abstract

The attapulgite-based composite adsorbents with moderate loading of carbon was prepared by the
in-situ adherence of chitosan (CTS) onto attapulgite (APT) and thermal activation using CTS and
APT as raw materials, and used for the bleaching of palm oil. The effects of activation temperature
on the structure and bleaching properties of the composite adsorbent were investigated by FTIR,
XRD, TGA, TEM and BET techniques. It could be found that, after being thermally treated, the
adsorbed chitosan was transformed into carbon species. The introduction of carbon species could
enlarge the pore size of the composites and increase the new active adsorptive sites. The Red value
and the content of peroxide and phospholipid were greatly reduced after being decolored by the

as-prepared composite absorbents.
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HAMWLT. B2, BT, S8 SURR WO AR A o EURRAR 5 I b o 47 75 5 Fh A
{IRE SN V=R Y ) e iR e o NG AL e AL D o I TR E g Ib:81
FRTC S TR AR S5 o T LA, XA B e A0 Ak T B 7 ot (R R R P 2 E 2

R B SRS I T2 R RS R, EE T WA B R R
— 4. b, LGSR E MR LY, o e A AR R B B AR R 5 A R
TP 6 T 2R B 2 AR Y R IO N 3R R S A P (R A . E T
VR R J, €725 R e e 5 € X B R0, R R TR R R FE AL S A (IR AR R 1),
SRR B IR AR SR . BT R ) B B IR PR R Sy, AT RV
T B DA AR 4 8T b i R S b AR . SR, vE M AR Gl R b B R AR
JBE, S E R R R AN Il TR, SO AR A T R T e, IS R
JEH R B T ELAEPE A i s, IR A @ E R R 25% ~40% ROl IE, b
T I, BEAEI S I U

M MEEA (APT) & — P RARGPORBIR IORERR 25 01, BA 8 L g5 i B
HRTR, FEMR 24U aRE Tz Y. Ak, ML I ) TR SRR
R AR A AN SR SR ISR 2, CRAE R T IBE T T 3 T 70% M T 40 O, (B TERR AR
TS AE TR B EE AR M A L e R R A, R, %
SO R, ) P A G 0 DK S 3o B € 790 A 7= T AR A A5 30 3R R R e B €707 e Ty
P 1 0 Ve RSB 5 2 LU R TR FLAR A0 Ai o T H s AR P S5 2 D5 T AR 0, AT i [ o7
A HEAT 8 FE A A ) % FEAR I €70 1 R0

FTEME (CTS) ARAREST, BTHEMIEERE, S TRE, W5 APT 1K
Pkl AR B AR, TR APT/CTS E&MY, IS I AR . 35 4053 B A b
ALEE, DU EELE T A R T TR AN T SO T S R R ST, AEAARE L €2 1 R 1 o
IRUE SR, ik, APTUBRARE ST CTS 5 APT £4, HAAFRERE AT, 4
B R RIS APT/CTS HAY), RGEWIR T LWL 588 T LR 1) B €
PERE
1. SERES
11 FRPRL R

PR T (22N : 48.38 % Si0,, 8.55 % AlLLOs, 8.03 % MgO, 6.63 % Fe 03, 3.47 %
Ca0, 0.22 % NaO, 1.24 % K,0) 7 HILIFIFIG e LT 1. CTS (73 T8 30 J3, il ZIBERE 90 %)

MWL B B AL A A IR A m R A, B AR S AR A IR A F 5 ft ChE 40,
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Fit e A 2038 A 43 w4t

ZLAM61E4X (Thermo NicoletNEXUS TM 730066 FE 1) s X-ray # RATHF X (X Pert PRO fiT
SH0; #3HTC (Diamond TG-DTA 6300 #4443 #14%): BET MliA% (Micromeritics, Norcross,
GA, USA); ZEHTHT R4 (JEOL,Tokyo, Japan)

1.2. #IEH APTICTS EEMHIH|%
1.2.1. APT/CTS E&WIHIHI%

FIRT, # 60 g APT 5 4 %IBERLLE W LL 1: 4 VB4, 1€ 800 rpm JH & it £ 30 min,
SRIGIIN 3 % (& H0 1) CTS. Hitdk 4 h 5, BIFod 200 H MG, 20508, K RE AL
105 °C MR EEE, ¥ad 200 Hif, &H.

1.22. PJEIL APTICTS E&4 WK% &

¥ APT/CTS EAWE TSk, 7 5I7E 120, 280, 360 450 Fl 550 °C %A NAab#E 2
h, B SR PEALIEEE 2 BIFRIC A : APT/CTS-120, APT/CTS-280, APT/CTS-360, APT/CTS-450,
APT/CTS-550, fEJuXTEE, BRAGIM M4 (42 Al [RIRE PP kAT AL R, FF AL FRic Ay APT-280.

1.3, HHLR
131 Mt

It 8 S 56: - 2 e 25 R AR AT, BT EE N 3 wt.%, FEPEIE FE N 80 rpm, HLA5JE A 7 mbar,
IE N 105°C. it 45 min J5, TEHAFMETARAE 40-50°C, 38, WCEEBR O, #H.
1.32. R

K 0.05% 1 ER I N2 B €77 5 BARHR I VR A4 R b, RS SEI0 T e 28 R EA T, [
Eb ol 3 wt%, BEHEEEE A 80 rpm, BN 7 mbar, IR A 105°C. 45 min 5, REMTHEST
A TR AE 40-50°C, 138, WCEEBUR (I (DBPO) , % H.

1.33. R

) DBPO B T he 284K & oy, it HEd B2 04 80 rpm, H4¥ N 0.4 mbar, I 4 240 °C.
S 45min S5, AT HA KM FAME 40-50°C, 138, Yo BR fli 5.i (RBDPO) ,
#

1.4, BietkRRiR

F % 4E i He X (PFX-I series spectrocolorimeter, The Tinotometer Ltd, Amesbury, SP4 7SZ,
UK) AT fEme, seiidhikf 5 14 thtai; HRYE 1SO 3960: 2007 J7 it i fig it 44
e (PV) BEATIINE . FRIE AOCS Official Method Ca 12-55 75 24} i g o i g 320477300 52 .

2. HBR5W®
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2.1 FTIR 4 #7

B 1 A%, APT 4 CTS BgMELLE, 76 2850 cm ' A1 2925 cm™ AbH{EL T C-H 43R 5h K
W™, BB CTS BT 618 E APT b &idi T 280 CHUCHS, C-H 4udRah Rl
%, VEWT CTS [ H LS MR . BEE B IMBLREIREE . APT 76 3551 1 3415 em™ 4 (J\fifA
LIRS FOPIRL 1653 em™ 4k CHE B 7K FIFLIE P 6 7K O WR O 068 1 o B 3 i A 5 2 i 2k 1),
VB3Pl ALK 53 778 A I R rh 4 23Rk, R ICHE 23 R) T IR B V8 M6 o L 1
Fi, 761197, 1088+ 1028 A1 980 cmM" bty W i thiZ ik 55, WHADU IR 45 ) C 4K
AT P Hik, ARG E BTN APT S5WHIH R, 3 80E B R AR
B,

(&
|1
1
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-450 (f) FAPT/CTS -550 (g)ILLAM LK

2.2. XRD 43

HIE 2 TR, APT Zibh & HDEMAENMA S AERT. & CTS EEaWM)E, APT £
20=8.38°4L (110 fi [HIRFAEAT S e (10 ik B2 ML B 08 R AR AR A, BEWT CTS 73 T AU B #E APT
IR, AR APT SRS . ST, £ 550 °C #ULELJG, APT REAEAT 5T 6 )58 FE 35 %
55, (110) FHHATHEH AR 2 20=8.83°4t, BEUI I PAbHIR FE W] F APT SRR HE 73

I B EIRM, 5 Boudriche ' f1 Gonzalez !'"'15 2| 45 S AH— %k .
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2.3. TEM 43#t

HIP 3 W1, APT EAT WY B IR d AR S ), (EX S e 2 AT R R REEBL R, 774
B2 Wb SO BCR AR . BRI LRV, WA S R A R . SR BT, S
MY AT SR EAFAEBRE,  SDRAS S AT B e RER g n, A A . BE 3b A,
2 280 C AT A, APT HUMR R R I L 1 % 78 W% 5E 45 4, (RTINS ARSI Fr b ] DA
ZRSC LG FE PO AIK, UL R A

3. APT-280 (a)fl APT/CTS-280 (b)fJ TEM F; 4 By #AKbHE Fi J5 B i A B0 IR
2.4. TG 4#7
4 AT, IREER T 100 °C B, SRKEAER, X5 o 8 F TR R K 1 5
B o 7E 100-280 °C 5 3 Bl Py , 2D W B K 39 A KR A B A 45 KoK 2 B R 78 280-590 °C
REVEREIN, TSk S NFLIE RN, APT/CTS H A1 5 5 5 5t 2K A L
YIr) o3 i . APT-280 Fll APT/CTS H &Y R HE 574 4.50 %M 5.01 %, FrLAA 0.50 %
IR T B o
100
A
% |

BN

94 +

Weight loss/%

92+

90
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Temperature/°C

P 4. APT-280 (a)F1 APT/CTS-280 (b)f] TG HiZk
2.5. BET LGS Hnth
HiZ 1 AT, £ CTS etlE/G, APT [LLRIHBUE FTREAR, X 576G AR o (1 1 A
F5%o WALARBEEEE TR TR/, 76 550 °C B LTk, (E R FLARBEIELREE Ao T iR i 1
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Ko PRFLARFRIIIR /NI 25 5 APT S5 I BR BLEEA DG, T FLARAR G K 5K 7 T 12k £ Fw
TR I 1A 5%
x 1. APT IMIFIKIFLEWSH

FERRZAR Sper/m’ €' Smico/M’ €' Seu/M* g Vmigolem’ g Vigw/em® g' PZ/nm

APT-280 203.71 62.51 141.21 0.027 0.28 5.62
APT/CTS-120 197.94 50.91 147.03 0.022 0.28 5.68
APT/CTS -280 171.35 29.27 142.08 0.012 0.31 7.32
APT/CTS -360 168.49 30.43 138.06 0.012 0.31 7.45
APT/CTS -450 143.61 29.10 114.51 0.012 0.31 8.66
APT/CTS -550 141.63 10.32 136.57 0.0032 0.31 8.64

2.6. MBI R R BUR MR

I 5 A, #aE APT/CTS S8 ) B G el B2 0 T e e 18 K G ks, de it
WG 280 °Co FHAMEE I K, IR 150 °C FFUATERL, FTLA 120 °C ke H 2 BR 23R M3
SRR K. FRIS b, BRI RS T R R, E R R 2 I AR 4 o 4 R TR R PR e e
FEFITALE . S —T5 1, BB RN TE G, KA1 B 2 FT R s PR AL e ) Bt 2
%, AL KRR 45 APT St iR .

HAR LR TRUA FTBR MG, {HJ2 APT/CTS-280 Il Jifcty, BFONHAGEMILE, WR4E
Srasral R LS HE, AR ELR IR, FLES AR PR TR RBREIE R, HAEN
AR T BRI T IR

.
i = Mean
9 s
| |
o 8
[ ]

7k
6F [ |

L
5 1 L L ' 1

100 200 300 400 500 600

Calcination temperature/°C

Bl 5. AL FRIE ST APT/CTS-280 it (o GE ) f2
M 2 AIAL, APT/CTS-280 E &AMt /14 Taiko 2 7] MLt E AR £, iR
A EAC R R S T 5 =, JCHRX BRI R . KRR S, Wl i i AR
A TR, BRE, WafEerEv A REscEE, HdSemwa 7R,
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R 2. MARFERE MR AR RO ER Ak RE 9K

APT-280 SD/%  C/APT-280 SD/%  Taiko SD/%

R 8.47 16.33 5.43 5.16 7.97 5.77

it PV/mmol kg 430 10.5 3.48 17.69 422 13.03
PP/mg g 0.080 0.25 0.054 020  0.08 025

R 7.6 22.58 4.8 1516  6.53 5.16

DBPO | PV/mmol kg 4.23 12.45 3.19 6.91 3.96 7.08
PP/mg g 0.060 0.17 0.046 0.15  0.072  0.12

R 3.5 13.66 2.1 10.33 2.7 11.69

RBDPO = P¥V/mmol kg 1.12 12.43 0.49 1220  1.07 7.15
PP/mg g 0.045 0.15 0.043 0.0081  0.07 0.30

#VE: BAEMMRIZE SN 12.9
2.7. B IO FRAL M BRI

TR, EMZRCHASFRBITER, 2, AMIBALSW SR, DR G
RGBT, BT BRI A — S R S TS I R R X e 2 5N 2R
AN, XA SE IR IR R NI F ), R R R A, R s TS R
TGRS 2 EM . AR 3 AT, P A B IR TORIREERR R R AT T AL TR
RIRE -, FEATHRR EAF & 2 abadl, AR ap it 786 A L s s
i I FH i S5

*® 3. e afBELER I

FRAL 5 APT-280 APT/CTS-280
Bt SREN Kt

FABUE BE (g/mD) 0.42 0.33

HHER (HS04/%) 0 0.040

pH 5.41 5.39

3. it

¥ APT 5 CTS i@ #/E IR 2 &, HAREEHIGIAATE, &l BRANRIER ML
S B SRR €77 o BR AL IR B & IR NIV RE R o 35, FEIREE IR CTS
ABEBAL, (BRI BRI, APT MIdhiRaitinteg, FEORMA IR, Bartatha TR,
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FEHRE N 280°C I it 72 I doe S (R Pl €+ e Tt g A B AL S AL (B P e o R IR BRI R Al A
(SN S R S By T s A 1 0 e ¢ N2 A 2 B
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