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Preparation of Sargassum Horneri based activated carbon coated with iron oxide
and its adsorptive properties for methylene blue
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Abstract ; Sargassum Horneri based activated carbon coated with iron oxide (Fe/SAC) was prepared by ultrasonic immersing and in-situ synthesis method
using S. Horneri as a raw material and ferric chloride hexahydrate as activating agent. Effects of activation temperature, time and impregnation ratio on the
yield and the adsorption of methylene blue (MB) on Fe/SAC were investigated by using orthogonal experiments. The Fe/SAC was characterized with X-
ray diffraction, scanning electron microscopy and surface area analyzer. Furthermore, the kinetics, equilibrium and thermodynamics of MB adsorption onto
Fe/SAC were studied. The results indicate that the Fe/SAC yield, MB adsorption, and specific surface area could reach 39.5%, 255.67 mg-g™' and
558.31 m>g™! under the optimal condition with activation temperature of 600 °C, 1 h of activation time and impregnation ratio of 1:1. The results also
show that the main components on Fe/SAC are Fe;0, and FeO. The pseudo-second-order equation could describe the adsorption kinetics well, and the
Langmuir model provided the best correlation of the equilibrium data. Calculation of AG®, AH® and AS° indicates that the adsorption of MB onto Fe/SAC
was an entropy increasing, spontaneous and endothermic process, which was promoted by increasing process temperature.
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1 5|5 (Introduction)

JubbE K BA « =8 —(R” AR 5 (5 COD &
R W ik BOD,/COD) , H USROG i
S AL MEAE P i, BAT B0 | SOk BUR A
R EAH B HE A A Z — (Al et al.,2009;
Xu et al.,2010).2013 4EFRE Gkl =y 89.5 i t,
Al HCHE R 7.5% , o5 5B 1 60% 2o A, S At 5t
YRR KA PR B K E .

W B T 25 T R Sy 1A A R 2 Y
AR 7K 40 dak B H UL A AL BB R (Rafatullah et al.
2010) 3 P 7 fi i 0 — b WG B 5R) , BA bR
T AR FLBRZE A Aik A2 v ke i S50 AT
PE 2 R BEE AR REAS AR e 1 AL R i Ay, S IRk T
HAR WA T ( Dias er al., 2007 ) A [7] J50 R} A il
B DA A R A, AL B 45 ) R 2% T Ak 2 P Jo
AHZEBER DT G 1 X AN [v] W J5 ) 82 6 14 g
B R2ZEH|(Pereira et al.,2014; Kihg et al.,2012)
FERM G PRI SO TR P ¢ b A 2 — s R
N HAR A ISURE | T i fmg 37 1 e xof e 26 o 453 J R
LY i) W B 1 BB ( Zhang et al., 2007; Goncalves
et al.,2013; B T4, 2015)  3RAKIE PR 1 il 46—
WAy WAL 5E R, B 45 LA ZnCl, KOH 8, H,PO, %5 {k 2%
A I AR R 28 05 P 2, SRS DAAS [ Bk 3k Ry 26 U5
K AR Ty AT k. i W 45 (2011) | B 2T AR5
(2013) LA Fe(NO, ), i k5, 3ol 38 o 32 doit -5
PR MR - T ¥ 1l 4 1 3 W BT AL A0 1) 2k
TEPEIR, TFRIL T TR R W BFHPE B R4 A e O 4
JEEE, FeCl, 5 ZnClL, BAT R L 2454, R4 S
ZnCl AR FEHAR Il FUBE K A T AR 8855, 1B FeCly H
AN Dy 15 75 G /N Fe' A2 /N T Zn* 2f
1, LA FeCly i A0 AT LA FLAR BE /N B3 P e b1
#} (Almansa et al.,2004; Oliveira et al.,2009) .31 4F
K, EFr_ LI AE A GTHE FeCl, S5k ER FHAE 18 M % i1
£ 1GAE A ( Theydan et al.,2012; Fu et al.,2014) .{H
WA AT R L FeCly A8k ER 0 T A 0 i 4 1 I 1
B¢, AR RIFFEIE Ve 7 b 40 0 4 53 Bk 1) W o
HEALAE . R, LASEAR AR i AR — 2D ik i) 5 2
BRIG TR H H T T A LA R B K BR A& AL T
Hifileg T2, 4 & 7 H S, BA B

A5 T BT e DR L T 0 i Sy OB, DA
FeCly6H,0 i 5], >k F M A 82 i -5 5 i B

e A S0 AR S 10 S R P TR, AT L
TROL IV FF i S TR R XoF 5%, AT 250 i 3 5 A % P o
MR IV P o e 140 30 g 2 AT A, LA
R 2R M e Ak B PIL Gkl R K 4 1 B R
A

2 ##5 7% ( Materials and methods)

2.1 EBAH

P B LI N R TR, S € OHLO N RIS
JCE SR HN 29.12% . 3.83% .62.94% . 2.96% .
1.47% (W6 ¥ 7% ,2013) . W e 2B K2 Wk
U, BRI R o M2 0, AR5 B T A A TR AR
THE 24 b SRS TR R AR 1 80 H . &k
Bk (FeCl,» 6H, 0, AR) W 3£ 85 (F8/R 7)) | $h iR
(HCI,AR) , 3256 /K R B il 25 5 7K.
2.2 LB
2.2.1 Bk A5 % A 4K E Mk (Fe/SAC)
H— BRI (m (FALER) /m (H8E) = 1:1.1.5:1,
2:1) FREL 25.00 g 3 80 H i (1) 4l 5 o R0 AH 1o 5
) FeCly 6H,0 ¥ T—E R L Bk, =il T,
HEPIR T 2 bR A B b 78 N R
T, LA 10 Comin™" (9 F TR 235 AR BE (500,600
700 C) & fb—ER I (1.2.3 h) fRHEMR A RS
LS, 0.1 mol - 17! HCI 32395t 12 h, iy 60 C
FE PRV R M S a i Ui i RE A B
T4 105 °CF T4 24 h.
2.2.2 Fe/SAC T BRAE AL A B ] &
Fe/SAC 13 M EAXNT .

m,
n=— x 100% (1)
A, m NN EER R (g) ,m, Nl 75 Fe/SAC Ji

H(g).

Fe/SAC W H 3 % % [ {EL#%2 GB/T12496. 10—
1999 A Joit 17 14 e 12X 9 J7 125 NIV FY ke s R (. 1 0
JE ) 5E. Fe/SAC b 3% 18 FRFT FL 42 43 4 R FH 3H-
2000PS1 A b R AR 43 A ( D1 AR A TR
] AT P, I A AR 280 200 °C BLAS S
ALFR 180 min. FF i 19 3R T JE A8 RSP H HitachiS-
4700 141 B I SBE A I ( Hitachi 4 F], HAS) 4
diAE 20 B R B X Pert PRO U X 5 £ fi7 54X
( PNAlytical 23], fif %) M, X LI Cu B Ka
SRR R S R HRL TR 40 KV B HLTR 40 mA | 14
T FEl (26) K 10° ~80°.
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223 WP HERE HEFFRIZ G 0.1000 g Fe/
SAC, A 250 mL I, SRS A 100 mL i &
WeRE 45310 150,200 250,300,350 ,400 ,450 mg- L'
R A B SR O 3 ) AN AR R S E 27 N A
FEHN N 150 remin™" 73000 2 W2 Sy 293,303
313 K IF A W RSP B, g 2 S50 P-4 T 3 4L MR
BRI 2 SR AR T 1 2 — 58 0 AT DL 4306 B i i
} 665 nm, ¢ I ZIW [t 5 g, FF-# W Bt g, AR
KA.
(C,-C)HV

t

q, = (2)

m

_(Co _Ce)V

m

K, q, .q. 5350 R ¢ B 2] R0 B F- M7 1) Fe/SAC Xt
V. HE T A BN I BRI (mg - g7 ) 5 € o L A
WRTLEHRBE (mg- L") 5C, .C. 500K ¢ B Z) R i~
A7 s I P RS HE VR VR FE (mg - L1 5 V R TR
(L) ;m A Fe/SAC & (g).

224 R A F %S w100 mL —E Bk
(200,300,400 mg- L") 193V H 3L 5 3% W T 250
mL B, W pH b H AR ST BIAE, A
0.1000 g Fe/SAC, & T 150 r-min~' J& 2 30 C
PR 7K T L U0 2 S v 0 9 WO T o B — o e 1] BB — ¢
FE BB B >R T 28 Ah 43 060 BE 1 42 1% O
JE VAR B RN A R o, 2 SR AT 3 A

3 R 51318 (Results and discussion)

3.1 Fe/SAC &b #l & T 240 # <

CA MR R, IR R T T
A TR A 27 37 ATk ) 2 T PR A it AR ) OB R 3R
AL He e T 4 45 7 i) 98 5k 1% 1 e B 1 A
& (JEWsH,2013) EBL 3RS I, A SCLL FeClys 6H,0
FTEART)  EBCR T E (m (RALER) /m (H8E) ) 3%
AT EE R AL ] 3 A R 34 S T A3 1) 25 50T
G A E L 3 AR, USRI A R0 O
W AT bR, oy = N R =K FIEAR S8, R
FH Ly(3*) IEAZ % Fe/SAC il 45 T 2 AT 1Ak, B
RTEHAMWER 1, B3I 25 R 3% 2, 2= 0
L3 3.

2 Al LIFH, L FeCly 6H,0 M i% AL &
Fe/SAC, FIEMAL T 25 R0 b, DATE PR A5 |

q, (3)

V. 5 W W R S 25 S84 A, L T 24 180
A,B.C,.

F1 Fe/SAC EZiXBEERKFR
Table 1  Factors and levels of orthogonal tests of Fe/SAC

AR HUE
K- 5 TR T AL [E] -
A C B/h =ik C
1 500 3 1:1
2 600 2 1.5:1
3 700 1 2:1

F2 Fe/SAC EXIRMLHR
Table 2 Results of orthogonal tests of Fe/SAC

; P V. FF 5 1
i KR K TG BHE (meeg')
1 AB,C, 34.9% 155.16
2 A,B,C, 37.4% 85.40
3 A, B;C, 37.9% 178.17
4 A,B,C, 38.3% 69.65
5 A,B,C, 37.0% 209.90
6 A,B,C, 39.5% 255.67
7 A3B,Cy 33.0% 170.66
8 A,B,C, 33.2% 227.34
9 A3B,C, 31.7% 220.55

M3 3 AT LUE %R R , AR
SRR BE AN —RE A, KR A Ay S8t 2 AN [] ).
Fe/SAC 1593 2 FRIUT A A>B>C; % H 5L 5
W RRHE, PR BT R C>B>AL AR SCGE T 28 4°F
AT LA B e e T2 55 R A ORGP 7 A
SR IR, A B R B Z BEATH A, SR X I
LR BHEFR bR, B A el F AR AR TR A )
2 /N, R BLIR B R R R A LA, R B
XEF WA TR, # O B 5, iR B BB, IR
C MG PE RS 248 b5 AR IR R R L Cme il
T XTSI H 256 3 W PR Ao R 3R B C B,
HAZER CHLC LGB LR AT kAR B L T 2 59
P T2 — 30, &0 T2 540 A,B,C,, B
TR 600 °C TEALAFE] 1 h 26 101, I 55
THIFFHY Fe/SAC 135K 39.5% , 7. F 3 5 W FfHiE
4 255.67 mg-g', 5 E M (2013) L) ZnCl, H i 1k
TV T4 ) ) R 0% e A L ST PR 66 0 O R 2 v
T2 42%.
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Table 3 Analysis of orthogonal tests of Fe/SAC
Rz MR T SEIE B (mg ™!

ky ks ks WER  HWREK IR ky ky ks WER  HWREK IR

A 36.73% 38.27% 32.63% 5.63% 139.577 178.407 206.183 66.606
35.40% 35.87% 36.37% 0.97% A>B>C A,B5G, 131.823 174.213 218.13 86.307 C>B>A  A;By(

C 35.87% 35.80% 35.97% 0.17% 212.723 125.2 186.243 87.523

3.2 SR H AR TE MR I RAE
321 WhERWREILLEMN  Fe/SAC 7E 77 K T Y
N f%ﬂﬁéﬁﬁ%ﬁ' g 1R AR YR E PR S 5
MG 23 (IUPAC) 14328 i W I A iR 4o T B0 4%
Lk IR A7 AE H3 TS 2R, 1 Fe/SAC h HA
F PR BUR i FR A 28 2 R AL 4548 /INFL RN R LR LA G
SR X AFTE (Wang et al., 2012). 115815 5]y
BET H U FLES S UL 4.

E b
00 £ 01
T, 0.08
2 0.
600 2 06
= 0.04
500 3 .
2 002 | AN

= | =
30 40 60 80 100
dinm

400 1 II
120

N, Wt ik Aem™g 1)

0.4 0.6
*ﬂx‘”]‘.}] JP-".J“u

Bl 1 Fe/SAC XM &R ILEZESN T
Adsorption-desorption isotherm and pore size distribution of

Fe/SAC

Fig.1

R4 Fe/SAC LLREMIMFALLEHSE

Table 4  Specific surface areas and pore structure parameters of Fe/SAC

R/ RALA WAL/ TR/
(m%g™) (em>g™) (em>g™!) nm
558.31 0.8638 0.2817 7.70

322 H#WER X HFETH 2T Fe/SAC Hif
MG o g SR an &l 2 s, WEITh el LUE i Fe/
SAC HA U W ayRmIE S, FLBR 454 & Wi, 2k
27 LAZR /N R SR D ORLE 25 11 2K 7F Fe/SAC b
FU M ALIE AR, AR FE R EE A TIE L T R %52
FE A W AR X S 2T 3T o0 BT 2 B (&1 3) , T
FAE Fe/SAC _LIEEAEMI A Fe, 0, F1 FeO, HARRHIE
fi7 5P 433 HE PRAE 260 4 30.000° ,36.350° ,42.978° .
56.862° .62.448° Kb 36.222° 42.073° 61.224°4b.

X18k

2015-04-28 50 pm

ZIUT6734

2 Fe/SAC AR IEHE
Fig.2 SEM images of Fe/SAC

35.350

42.073

Intensity

El3 Fe/SAC ) X FHELATHE
Fig.3 XRD pattern of Fe/SAC

R 5 7]

K H Lagergren #E—2 ) Jj A1 (4) W
EipIES *ﬁﬁé(s)&%ﬁﬁmﬁ%ﬂ%ﬂ(é)ﬁ Fe/SAC

3.3

U P 0 i BT 30 0 S, OBy ik
B SIPR
log(q. = q,) =logg, = >~ (4)
t 1 1
7=7 . 5
9, kq. ' qet )
4, =kt +C (6)
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A, ¢ 9 BEIRFIE] (min) 5 q, g, 2 ¢ B 200 R0 B
s AR B it (mg-g™") 3k, 20 Lagergren #E—4243) J)
SEHCRE A (min™') 5k, R UE S8 ) A MR R AL
(g-mgfl-minfl )5 ky UKL N C/N T
(gemg “min™"?) ;C WL, S A2 EEA K.

30 °C . HHR pH T, Fe/SAC XA G114 He i

—
- n

gdmg-g™")

—u— 200 mg-L"!
—e— 300 mg-L7!
—A— 400 mg-L.7!

1 1 1 L 1
0 50 100 150 200 250 300
t/min

El4 30 CT Fe/SAC WM T R BRhA MLk
Fig.4 Kinetics curve of MB adsorption onto Fe/SAC at 30 C

a. i ah ) SE R R

20}k
'Y
18Fmg
L]
1.6 = 200 mg-L7!
1.4 ® 300 mg-L”!

12k

A 400 mg-L7!

log[(ge—gM(mg-L1)]

rgyimingemg )

(200,300,400 mg- L") 37 FFF 35k i V7 T 11 2 o 35 265 oy
AN 4 Fr7R. Y BILR R BE M 200 mg- L' T2 400
mg- L™, Fe/SAC X 37 F 3 5 W BFHE AN T 384 o, HL &
LT A I B W B 30 0 AT T 60 min P, R B
St A T 3 2R3 R 560 ~ 120 min P, W B &
Bt P (] 2 Fn A8 48 K 5 120 min S5, TR G T2, 1k
B i AR R B S K. 0 IR Mk EE S 200, 300, 400
mg- L7 S 06 0 A5 SF- i W% B A 53 00 O 165,39
200.42 215.27 mg-g .

R AUE—S ol J1 2 MR o — ) g g 2 A A R
3R Fe/SAC WY B 7 HY L 5 2 R B AT 4G, B0L 5 il
LANE 5 PR B ) SRR C S HL 3R 5. 45 5k
B T TR T 2 sl ) A AR i R LA
BRIt , RPIKT 0.999 , H P16 0% B 11154
H5LEAEW) & BRI, R H B IEAE Fe/SAC -
PR R o D P R 6 o 5 ) 2 o Bt 2 S P i
WIIUh e BE ) 188 K, E G Bl T S 00 BR W B R R
(h=k,q ) MB35 J2 R A 35 K 0 40 0y e 2 4
o TAG AES 7, T b T S H 35k % 43 7 MR AH
EXNEL i ESTTRE v Y

b. i T ER Al A B

1.8 -
1.6 -

= 200 mg-L."!
1.4+

® 300 mg-L™!
12

4 400 mg-L™!
1.0~

1O

0.8 031

06 0.6

04 041

02F 02k

0 I o ! | | | ! |
0 50 100 150 200 250 300 0 50 100 150 200 250 300
f/min t/min
Bl 5 Fe/SAC WRpiir A M 1 SHAE RIS il 2%
Fig.5 Linear kinetic plots of MB adsorption onto Fe/SAC
RS Fe/SAC M REE HESH
Table 5 Kinetics parameters for the MB adsorption onto Fe/SAC
E— 2Bl AR iy e PAE R
Cy/ qe,exp/
- - a’ e cal” ky/
(mg-L™") (mg-g™") Bes - k,/min”! R 7 - o R
(mg-g™") (mg-g™") (g-mg™-min" )

200 165.39 42.72 1.280%x1072 0.8823 168.35 8.028x10™* 0.9998
300 200.42 47.44 1.158x1072 0.8432 202.84 7.216x107* 0.9998
400 215.27 49.86 1.405%1072 0.7727 219.78 6.642x107* 0.9997

TR N R R rp AN SRS S R — AR L
HL A o I, D58 B P 7 I £ o] B R o 7 e

— FR PR R 75 0] R o 7 52 L W B B g
¥l (Mahmoud et al.,2012) 4% ¢, 5 ¢ #di 53 B
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UG, PG M2 6 s, W L 57 Fe/SAC I
FO I BEEBH S M m] R B SR 3 AR B S — R BEN
PR R B B2, R YR A v ) I H 3 T
T [ PR T 5] 26 T8 47 1305 55— 9 B iy 18 38 2 R Iy
B, R H L5 4y T1E Fe/SAC BURL N TR 9 I 1%
TR R o 3 R 5 5 — B B3 A g RS A B BB, W I
T

220 !
200 |
180
T:h
o 160 |-
= 40|
m 200 mg-L!
120 L ® 300mg-L!
4 400 mg-L™!
100
| 1 1 1 1 | 1 ]
2 4 6 8 10 12 14 16 18

ST T,
"2/min'?

Bl 6 Fe/SAC Wkl BB IERR A SR A& M2
Fig.6 The curve fitting of MB adsorption onto Fe/SAC with The

intraparticle diffusion model

3.4 RHEEL

K H Langmuir F1 Frendlich 4§ i W B 5 F2 X4 A
A1 BE T Fe/SAC W RRFAIV. FY 2k 1 ) RZ Pl A4 i
g, k=0 h 5 2 (7) MO RE(8) .

c, C, 1
Teatny L (7)
9e qn  qub
1
Ing, = InK, + —InC, (8)
n

S, g, g, 5300 kg PR B0 SF- Fi ARTRE E6  R £  B
i (mgeg™) 5 C oA W B B 5 8 v I HE 5 e B
(mg-L7") ;b K, 435N Langmuir % %CF1 Frendlich
WAL

ANRIRLEE T Fe/SAC X 37 Y 5 1 110 182 of 45 i 2k
WK 7, Langmuir 1 Frendlich &5 18 W% [ 5 B2 405 15
FIMA S HOL R 6. NF 6 TEIETTLLE 1,
Langmuir AR S 2k B9 R* B BH 5.4 T Frendlich
BERIAUA M2 E, 3X Ul Fe/SAC X7 HH 58 1 1)
WY BfF B A7 A Langmuir 455588 A] DL A IF Y 3L 5 7
Fe/SAC |t B LB 73 5 J2= 0 B Sy 2. 3345 2
293,303 i1 313 K 3 /MR Y46 I R 2 4331 A
207.90 224.22 F1268.10 mg-g ™", 10 RN fif e 2 1
BE B TF g . e Ak, Langmuir W 45 18 28 £5PE AT
ToENN BT R Fw, R (9) i EHREIA
SN [R) IR T 43 B R T 2 15R, >0, 3R BT
F LW A Fe/SAC b 1Y W Bt S A A1 1 Bt ( Hameed
et al., 2007).

1
R, = 1+b0C, (9)
A, b N Langmuir F 5 (L-mg™") 5 Co oM L
IR BE (mg L")

B
—~ 260 peseii =
P
£ 500 = IR
= 180 F4 Langmuir
ooy e Freundlich
140 | 1 1
0 50 150 200 250
240 303K
= 220F -
2001
"E“I 180 LR o
= Langmuir
= 160 : :
S s Freundlich
140" 1 |
0 200 250
220
=200
?LI
2 1801 o FH
= 1601 Langmuir
anl. e Freundlich
IJO_- 1 1 1 1
0 50 100 150 200 250

Cdlmg-L7h

E7 TEIBET Fe/SAC 3B E KK R HEEL
Fig.7 Adsorption isotherm of MB onto Fe/SAC at different

temperature

F 6 Fe/SAC WMTEREEZRESH
Table 6 Parameters of isotherm for the MB adsorption onto Fe/SAC

Langmuir 15571 Freundlich #5%!
/K .
(r:;‘a;{l ) b/ ( L'mgﬂ ) R (mgl ’l/{i]‘L/l/”-gfl ) 1/n R?
293 207.90 0.1039 0.9985 100.96 0.1292 0.9106
303 224.22 0.1281 0.9982 114.21 0.1228 0.8960
313 268.10 0.1773 0.9985 134.69 0.1327 0.9284
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3.5 Rt F

AT A B AR AG B (10) IHEDRTR MRS
K1) AE AH FHAE AS i InK, - 1/T U4 fhi &
AR R BE THRR AT K by W B SF- £l 6 4, 3Rk
AU(12) iR,

AG =- RTIn K, (10)

AH A
1n1<0=-—H+—S (11)

RT R

q()

K, =— 12
"I (12)
Ko, R AR E H, BUE Y 8.314 J-mol K™

T NHEXHRIE (K).

AN BE T W JE WS 7E Fe/SAC LI Bt ad A5 1)
AG AH F1 AS THREZER W 7.AH 2 TE{H R WX
B Rt B2 AG ¥ Sk 07 (B LB 2 I 3 1 v 17T R
I, ULHH Fe/SAC W B IE Y 36 5 2 F & 171, AH
FAG WTHRZE AR R I T FHR A R TR, X 5
AT Langmuir 25 iz W% B A5 RY $00G 04 18 R0 0% B 2 Fil
1R E BB IR N A 45 R — B AR AS S IE(E UL
FF I 3 A e 8 A o %) TS LR B4 o, 3k 2 PR Ry A
Fe/SAC W B I7 FH 56 5 174 2o 8 v [7] B 47 A 35 590 1) i
% (Wang, 2012).

R 7 Fe/SAC BMTREEANZESH
Table 7 Thermodynamics parameters of MB adsorption onto Fe/SAC

T/K AG/(kJ-mol™")  AH/(kJ-mol™") AS/(J-mol™-K™")

293 -4.27
303 -4.94 20.32 83.73
313 -5.95

4 258 (Conclusions)

1) LASA 3 R JECRL FeCly 6H, O AL F 8 H
IR BB R 5 Fe/SAC W T2 &1 N .
TEALIRE 600 °C IEALESIE] 1 h BTG 101, i Y
132K 39.5% , W0 B 5 W FFHELAE ZnCL, i i 32 0% 1
B T 29 42% 3255 T il T 71806 Fe,0,
Il FeO ) 1% M Fe/SAC B A MR, H 3 1 FL S
558.31 m>g™",FHfLIE N 7.7 nm.

2) WE R Bl 2E AR R BE RS AR G AR DL I S
WETE Fe/SAC Iyt zh Jy2 b f2 H JEHETE Fe/
SAC I AR BAE DA AR 22 W2 B o 32 5 0K 9 4 B &
SR W BT ik A R 22 W R B B e [ 4

3) Langmuir #RY 58 T4 4 W7 BL ¥ 7E Fe/SAC
AR B A AR, 7E 313 K R F R T s )

268.10 mg-g FITE AT, Lo P A 1
PINER) 1 % AR, T A T IR
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