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Preparation of sodium lignosulfonate based hydrogel

adsorbent and its adsorption properties for Congo red
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Finishing Co. , Ltd. , Jinhua 321035, China)

Abstract: In order to quickly and efficiently remove the organic dye pollutants in the wastewater,
sodium lignin sulfonate (SLLS) was used as the raw material to be mixed with hyperbranched polyamide
(HP) and to arouse crosslinked reaction with polyethylene glycol diglycidyl ether (PEGDGE), and the
lignosulfonate/hyperbranched polyamide composite hydrogel adsorbent (NHP-n, n is the amount of
crosslinker, and n=2,3,4,5) was prepared. The characteristic functional group, surface composition and
morphology of the adsorbent were characterized by FTIR, XPS and SEM. Congo red (CR) was used as a
model pollutant to investigate the adsorption performance of the adsorbent prepared with different amounts

of crosslinking agent on CR. NHP-4 was optimized, and the effects of initial concentration of dye,
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adsorption time, the amount of adsorbent and pH of the system on the adsorption properties of CR were
investigated. The adsorption mechanism and reusability of NHP-4 were also investigated. The results
showed that when the initial concentration of dye was 6000 mg/L, pH was 4~5, temperature was 35 C,
and the amount of adsorbent NHP-4 was 0.8 g/L., the actual maximum adsorption capacity could reach
5118 mg/g, and the adsorption equilibrium could be reached in 3 h. The adsorption of Congo red (CR) by
NHP-4 is a spontaneous endothermic process, which conforms to Langmuir isothermal adsorption model
and the quasi-second-order kinetic model. The main reasons for the efficient removal of CR by NHP-4 are
attributed to the strong electrostatic interaction between the adsorbent and dye, the rich pore structure and
a large number of adsorption sites of the adsorbent. The CR removal rate remained at about 96 % after five
times of repeated use. The results of this study provide a new method for the preparation of high-
performance biomass-based adsorbents for the removal of organic pollutants from water.
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T 1 B ASF] 0 B ok #2 p 2 AT, A 1/n R
0. 073, RIZMZBA 71 ) Langmuir A5 7Y 3¢ B H & A F)
TRy . PR R B R T B SR B
Bkt o A AR W R AR 24 A g e, L
KB R 6378 mg/g.

F2 NHP—4 R CR WEBEAE S

Freundlich model

Langmuir model

q,/ K./ ‘ K./ ‘
. S 1/n o 2
(mgeg ) (Lemg ) (mg+g )
6378 3. 787 0.996 0.073 0. 335 0. 960

2.3.3 NHP-4 W22 0y
TF 25.35.45 C il NHP-4 XF CR )%
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MEseEs . A B D — (DT

CO 7Ce V
K=" %)
AH =—RTIn(K ) (8)

AS AH
In(K ) =" — 1o (9

Ho K SRR R Y 43 BE R 8GR 258 SR
3.8.314 J/(mol- KO T R K C | JEHRHIA)
UR 5T VR B, mg/Ls C J& W B o2 °F- 47 Joi 5k 3k 2
mg/L;V Y BHARAREL, Lym 2 W57 n0 FH &,
mg, M (DFRS IHETHEE T W K, H
M AH %L,

InK 5 1/T M&ERE & 11 Foxs, #
# ok AH (k] /mol) , #ifE A AS (kJ/mol<K)., NHP-
4 W CR AT 2S5k 3. 45 R R AR
FETF ) AG ¥/NFE, 3B NHP-4 X%} CR A9 B 2
B AL AH >0 £l NHP-4 % CR )Wt J&—
PR RAGE s AS =0 B2 FRIR AL EE 1S K, TP
FERE RS 5ICHERCO TR HP Btk 2F 4k 2 W A
HLYL RO BIF 5 B 45 5 (AG <<0.AH >>0,AS >0) —

5 -

2 b R —=u
[ InK =-908.1648/T+5.18721

0
0.00325 0.00330 0.00335 0.00340 0.00345 0.00350
1/7/K?

B 11 InK 51/T %44 thsk

B, EEEAE, 5 4 TP RgE ) R L B0 R A
I, NHP-4 B ¥ 509 CR W &, xsbgs 7k
Bl NHP-4 7] fg )& — A Ay i 570 . T 2B

%GR OR SR IR S 7/
Fx 3 AEIRET NHP-4 3t CR HI# 1 F RS
; AG/ AH/ AS/
/K (kJemol ™) (kJemol ')  (Jemol 'K ™)
298 —5.717
308 —5.334 7.550 43.125
318 —2.213

x4 AEIWRFFIRT CR IR EHIXTEL

CR W ff it/

W B3 AR 25 = BTN
(mgeg )

CHRI A e R 42.0 [19]
F(ON, N-Z B LI ok e ) 422

O 2 LR 2K 102.4 L18]
RN /RO e 2 K R, 147.0 [26]
T S 1 248. 1 [27]
TR KB 427.3 [28]
BB B T fb e i 976.0 (9]
BRI 2592. 0 [24]
NHP-4 5118.0 FN'e

2.3.4 NHP-4 iy Zeta LA 43HT

W k7 NHP-4 ZEAR[R pH FAY Zeta A7 10
12 in. B 12 a7 0L, pH Sy 2~7 B, W B 55 1
Zeta FUNLIE IR IE AR, U BHAZ O R A 390 ) 91 g - e
BHEA BB A E A, NHP-4 78 pH /N T 7 1}
JIrats LA S IE A R TR B B - Ui k. fE pH 7
4~5 B}, Zeta HUNLIE M5 K, 2 B NHP-4 76 pH
4~5 Z[a] 5 [T 88 Yuolel w e AH AR Sk, X [
YR A I Bt A K
2.3.5 NHP-4 BIES 3 Hr

NHP-4 f) SEM E P 13 Fias. ME 13Ca) ]
UL, AT S NHP-4 B B 7776 35 = 4k 2 L W 4%
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2.3.6 NHP-4 W[ CR AijJ5 1Y FTIR 4347

BA =Yk Z L2540 K i 2 BRI Tk AL S
NHP-4 W B35, i ik 0 B 25 B K b g A AL g
ko FST W R A A5 R | A RN RE AT AR T RE
FEARKRERE LR L fiE e T . IRk, AR SCa i
FT-TR FRZR W 700 g W AL B . 11 14 S 1 W ffY
A5 CR A1 NHP-4 8 FTIR #&& ., MK 14 7 LIFE
#, 2 NHP-4 W Bt J5, CR I (9 fiff iR 5 (—S0,) I
(1067 em DB ZE 1037 em ' (' NHP-4+CR),
NHP-4 f)—N-—H W 3467 em ' B ELH CR J5
) 3330 em ', BLAR, WHE NHP-4+CR A7
1E 647~900 M1 2911 em ' CR 2 [a] Ay R fF i
X 45 R ERP CR b W—SO, ¥ 1k ik 5
(—NH") 2 [a] 4 % FAH B A FH W B 31 NHP-4.,
I, CR A R R o i 2 AR T i s A B
2.4 NHP-4 RTEINE A EBED 17

AICHEGET NHP-4 E IR R, ekt
W46 BT iR B2 1000 mg/ L, AR F-R 25 mLL, W B3]
NHP-4 4 20 mg, 25 °CIFZM 50 i AE 3
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