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Adsorption of alizarin red S by sea buckthorn branche powder
modified with acid hydrazide
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Abstract Sea buckthorn branches are composed of ample lignocelluloses. The traditional treatment for these,
like discarding outside or burning are characterized by serious resource waste and environmental pollution. Adipic acid
hydrazide (ADH) was used as modifier. The ADH @ SBP was prepared by decorating sea buckthorn branch powder
(SBP) with adipic acid hydrazide (ADH) molecular. The structure and morphology of samples were characterized by
fourier transform infrared spectroscopy (FT-IR) and scanning electron microscopy (SEM) ,respectively. Moreover, their
absorptive removal for alizarin red S from aqueous solutions was systematically investigated.Specifically, the effect of
modifier concentration,initial dye concentration, adsorbent additive quantity, pH, temperature and contact time on the
removal of alizarin red S were evaluated. The results showed that the optimal pH value about 2, the temperature of 50°C
were helpful for the adsorption of alizarin red S onto ADH @ SBP. The adsorption followed pseudo-second-order
kinetics,and the adsorption isotherm can be fitted better by langmuir equation than freundlich equation. Thermodynamic

analysis showed that the adsorption process was spontaneous and endothermic.

Key words adipic acid hydrazide,sea buckthorn branche,alizarin red S,adsorption

[5]

(201104615) (310829162014  310829161015)
(1994-), ,
(1972-),



258 46
200 . 90% ; ; -
B ; ( ) 5 (FT-
. IR,Bio-Rad FTS135 ), H
\ , (SEM,S-4800 ), o
. . L2 (ADH@SBP)
; o . . . 100 ;
(SBP), ADH SBP
, . , 1:2.1:1.,3:2,2:1.,5:2 3:1
R 6 150mL s )
. 20min 50°C.,
R 2h, 2—3 , 80C ,
N ADH@SBP,
) (ADH) ,ADH:SBP=3:1 |,
. ADH , ADH (@ SBP
) fiz] L3
,ADH 25mL S 40mL
REA N [14] [15) ., SBP ADH@SBP
Agrahari [ ADH o HCl NaOH
. . Ito M7 ADH pH. pH,
. ADH s 460nm
, , S ) (D (2)
,ADH
. _C=conv .
S ' ) «, —Azn 1%
. , Q. v @
e ; (SBP) Q. Q. S t
., ADH , (ADH .mg/g;C,.C, C. S
@SBP), S N ,mg/L;V
., ADH@SBP . ,mL;M , Mg,
’ ’ 2
o 21
1 1 ADH.SBP ADH@SBP FT-IR
. 1 (a) ,SBP  3320cm '
L1 (—OH ). 1041 890cm !
, ; (B-1,4- ) ,
(ADHD) . ; S, 1650cm ! =0 S 1 (b
;NaOH, ,3315,3180  1633cm ™! —NH, .,—NH
;s HCI, o —C=0 ,1432ecm™ C—N
(FZ102 >, , 2863 1466cm ™! C—H
; - (752 ), ,700cm™!
; ) —(CH),— , ADH



S ¢ 259 -

(0] | 1 (c) ., ADH .
FT-IR . 3365,
3083 1633cm ™! .
—NH,,—NH —C=0 Lol, 1630
1533cm ™! I. I s
SBP  ADH . .
1432(—CN ).2861  1466cm ' (—CN
) .
S . SBP
,ADH @ SBP .
S H . .
S ADH @ SBP ,
SBP . ADH @ SBP

1 SBP(a) .ADH(b) ADH@SBP(¢c) FT-IR

2.2 pH ADH@ SBP
pH
3 pH ADH @ SBP
2, , pH ,
S , pH=2
. pH LJHT ,
, S
,ADH@SBP S o
,ADH@SBP  SBP S
, ADH ,SBP
S ,
, SBP ADH@SBP
S . 50°C , SBP
ADH(@SBP S
. 17.70 18 42mg/g.
) S .
S ) )

, , SBP ADH
@SBP , 17. 7
18 42mg/g; 50°C ,
b b LZZJ o
,50°C SBP ADH (@ SBP
S .
2 pH ADH @ SBP
2.3
[23-24]
[25] 5
S 3
, (3)— (),
3, 1,
In(Q. — Q) = InQ. — K¢t (3)
t 1 t
= — 4
Q. K.Q: jLQ “
Q. =K Xt" +¢ (5)
’Qt Qc S t

,mg/g; K, (min ') K,(mg 'emin ")

K ,mg/(gemin'’?) ;¢
,mg/ g,
S
3(a), , 200min R
S , S
s ; 250min
b S 9
s R , SBP ADH
(@ SBP , 11. 76

12 90mg/g,



e 260 - 46
SBP ,
R*? 0. 97, 1,
b
tes] | SBP ADH @ SBP
S ,
3
(1> ADH SBP,
S ADH@SBP,
. pH=2, 50°C ADH@
SBP S o
(2) S
3 S ° °
(2) S (3) ADH@SBP
( ) (b ’ ° ’
( a ) 90 % .
1 o
SBP ADH@SBP
[17] Gong] L,Wang B,Zeng G M, et al. Removal of cationic dyes
In(Q.—Q)—¢ K;/(min~ 1) 0 00794 Q 00629 . . . .
from aqueous solution using magnetic multi-wall carbon
Qe.cae/ (mgeg ™) 12 428 12 414 nanotube nanocomposite as adsorbent[ ] ].] Hazard Mater,
Qeexp/ (mgeg™) 11 76 12 90 2009,164(2-3):1517-1522.
R} 0 98247 0 97148 [ 2] Amini M,Arami M,Mahmmodi N M, et al.Dye removal from
e colored textile wastewater using acrylic grafted nanomem-
brane[ J ].Desalination,2011,267(1):107-113.
1—1/Q K./(mg lemin~1) 2 308X10~* 2 83710~ rane[]]. Desalination
[ 3] Dukkanci M, Gunduz G, Yilmaz S, et al. Heterogeneous Fen-
Qe.cale/ (mgeg™h) 19 36 18 17
torrlike degradation of rhodamine 6G in water using
J—
Qe.cxp/ (mgeg™ ) 1176 12 90 CuFeZSM-5 zeolite catalyst prepared by hydrothermal syn-
R} Q93525 0 95431 thesis[J].J Hazard Mater,2010,181(1-3) :343-350.
Nguyen ,Fu ,Juang .Biosorption and biodegrada-
[4] N T A,FuCC,J R S.Bi i d biod d
112—Q, Ki/(mgeg ! emin~2) O 77039 0 86968 tion of a sulfur dye in high-strength dyeing wastewater by
Ko/(mgeg—'emin—1?)  Q 48721 Q 45044 acidithiobacillus thiooxidans[J].] Environ Manage,2016,182
(1):265-271.
ci1(mgeg™ 1) —2 21211  —2 30584
[ 5] Rafatullah M, Sulaiman O, Hashim R, et al. Adsorption of
cy/(mgeg™ 1) 259162 3 13053 )
methylene blue on low-cost adsorbents:a review[ ] ].] Hazard
2
R (97683 099798 Mater,2010,177(1-3) : 70-80.
[ 6] Ertas M, Acemioglu B, Alma M H,et al. Removal of methyl-
, SBP, ene blue from aqueous solution using cotton stalk, cotton
Q Q waste and cotton dust[ J].]J Hazard Mater, 2010, 183(1-3) .
e,cale e,exp ’
421-427.
ADH @ SBP,
[ 7] Deniz F.Dye biosorption from water employing chemically
Qe.cae Qe'“p ° modified calabrian pine cone shell as an effective biosorbent
2
Rl 4 SBP [J].Environ Prog Sustain,2015,34(5):1267-1278.
ADH @ SBP S . SBP ADH®@ [ 8] Premkumar Y, Vijayaraghavan K.biosorption potential of co-



S « 261 -

co-peat in the removal of methylene blue from aqueous solu- [18]
tions[J].Sep Sci Technol,2015,50(9) ; 1439-1446.

[9] s s . [Jl. ,2005,18(2) .
37-41.

[10] . [D]. [19]

,2002.

[11] Wei Z,Yang J H,Liu Z Q, et al.novel biocompatible polysac-

charide-based self-healing hydrogel [ J ]. Adv Funct Mater, [20]

2015,25(9) :1352-1359.

[12] Maia J.Ferreira L.,Rui C,et al.Synthesis and characterization

of new injectable and degradable dextran-based hydrogels[]]. [21]
Polymer,2005,46(23) :9604-9614.

[13] Hennink W E,Nostrum C F V.Novel crosslinking methods to [22]
design hydrogels[]J].Adv Drug Deliv Rev,2012,54(1) ;13-36.

[14] Park J K.Yeom J,Oh E J.Guided bone regeneration by poly [23]

(lactic-co-glycolic acid) grafted hyaluronic acid bi-layer films

for periodontal barrier applications[ ] ]. Acta Biomater,2009,9

(5):3394-3403. [24]
[15] Emoto S, Yamaguchi H, Kamei T, et al. Intraperitoneal ad-

ministration of cisplatin via an in situ cross-linkable hyaluron-

ic acid-based hydrogel for peritoneal dissemination of gastric

cancer[ J ].Surgery Today,2014,44(5):919-926. [25]
[16] Agrahari V,Chi Z,Tao Z.et al. Hyaluronidase-sensitive nano-

particle templates for triggered release of HIV/AIDS micro-

bicide In Vitro[]].Aaps J.2014,2(2):181-193.
[17] Tto T.Yeo Y.Highley C B,et al.Dextran-based in situ, cross- [26]

linked injectable hydrogels to prevent peritoneal adhesions

[J].Biomaterials,2007,28(23) : 3418-26.

Gautam R K, Mudhoo A, Chattopadhyaya M C.Kinetic, equi-
librium, thermodynamic studies and spectroscopic analysis of
alizarin red S removal by mustard husk[J].J Environ Chem
Eng.2013,1(4):1283-1291.
Liang R, Yuan H,Xi G,et al.Synthesis of wheat straw-g-poly
(acrylic acid) superabsorbent composites and release of urea
from it[ J].Carbohydr Polym,2009,77(2):181-187.
Yang H,Bremner D H, Tao L,et al.Carboxymethyl chitosan-
mediated synthesis of hyaluronic acid-targeted graphene oxide
for cancer drug delivery[ J].Carbohy Poly,2016,135;72-78.

s . (Alcaligenes faecalis)

[Jl. ,1996,10(3) ;181-185.

[D]. ,2007.

Ayad M M, El-Hefnawy G, Zaghlol S.Facile synthesis of poly-

aniline nanoparticles:its adsorption behavior[ J].Chem Eng J,

2013,217.460-465.

Chen L,Bai B.Equilibrium, kinetic, thermodynamic, and in si-

tu regeneration studies about methylene blue adsorption by

the raspberry-like TiO; @ yeast microspheres[J]. Ind Eng

Chem Res,2013,52(44):15568-15577.

Saliby 1 E,Erdei L,Kim J H,et al. Adsorption and photocata-

lytic degradation of methylene blue over hydrogen-titanate

nanofibres produced by a peroxide method[ ] ]. Water Res,

2013,47(12) :4115-4125.

McKay G, Ho Y S.Pseudo-second-order model for sorption

processes[ J ].Process Biochem,1999,34(15) ;:451-465.
:2017-01-09

} "
i i
i t
+ 20 90 . ) 1
i 1
t ’ ’ ’ | 1
Eo o i
1 . - (IMPC) , , 1
i , 1
i ° !
i ’ S '
1 . ’ 1
% ) N b ’ o t
i - 1
- ‘ ° i
i IPMC . }
o : . H
i !
£ ’ o 1
i - * !
P : : : i
z IPMC , IPMC . IPMC i
1 ’ ’ T ) : t
+ . , 237F /g, , |
1 . 6. 03%., . 1
+ - 3 t
i . , 11. 5kJ/m’ . . ;
% N N o ( ) +



