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Treatment of Dye Wastewater by TTAC—modified Rice Straw

ZHOU Dao-yan', LAI Xing', WAN Xue', WU Jun", ZHAO Xu', MENG Xiao—xia?, ZHAO Dan', HUANG Chang—hong'

(1.College of the Environment, Sichuan Agricultural University, Chengdu 611130, China; 2.Sichuan Research Institute of Environmental Pro—
tection, Chengdu 610041, China)

Abstract:In recent years there has been an increasing interest in the use of crop residues for wastewater treatments. Here a new cationic
adsorbent (MRS ), was obtained from rice straw (RS) by modification with fourteen alkyl trimethyl ammonium chloride (TTAC), and was
then examined its performance in decolorizing dye wastewater with batch experiments. The potential adsorption and decolorization mecha—
nism of MRS were also investigated through SEM and FT-IR. Results indicated that the appropriate modification conditions were as follows:
mass ratio( RS: TTAC) of 1:2, stirring rate of 400 r*min™', temperature of 40 °C, and pH=7.00. Compared with RS, MRS had an even and or-
derly structure with more empty gaps, leading to a greater contact area and thus improving adsorption performance of MRS. FT-IR proved
that TTAC modification had removed most of the hemicelluloses and lignin from RS, and successfully introduced the =NH* group in MRS,
enhancing adsorption of anionic pollutants by MRS.
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Figure 2 Effect of stir rates on decolorizing performance of MRS
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Figure 3 Effect of temperature on decolorizing performance of MRS

()T It R BEA T AR AL, v] BB ph 2ok S5 vy A2 ik
LR R T, B v AR AT E . IR, 2
AR GRH RIS DL, Hls MRS (R B B4 e
40 CH A -
2.1.4 SV EFE]

SN TE]E MRS i (e G B 52 m dn e 4 B .
i 2 %7 I 7] B SE K, MRS X5 4% 28 T 81 SIE F 256 5 £
oS8 S R, W22 3 R 19.87% 1 21.80% .
F RN G, FEFFEF4ES TTAC Bt pL 23
2 R B A s T IR B 58 4 SN S, ARSI N s
B E) B AT REHE L 284 B MRS 25 BER , IR a3
TIE SN L2, S8 MRS B RE SR M o 24 S At
[ 4 2~5 h B, MRS XF 4% 2 T (It R AR b /N, 78
5h BFEER K, N 73.94% ; S I B R 5 b, B8
R N, M MRS X5 B W A 0 6 RAE 4 h B
R KAH, K 58.42% ;4 h Ja LR RAG. RIL, i 45
MRS £ 5w Bt )BT TE 4 ho
2.1.5 AR FR pH

WK 5 s, BERZR pH (AR, MRS 4% 2

80

> 3 4 5 6
S/
B 4 RAEZEFEINT MRS fit {4 BE A #00
Figure 4 Effect of reaction time on decolorizing

performance of MRS



JEE 2 45 TTAC POtk K RS RS AT AL FRYLRLE K FORFE 1395

éll I6 EI; IIO 1I2
pH
B 5 KRR pH Xt MRS Bt & AL R 220

Figure 5 Effect of pH on decolorizing performance of MRS

T FANE F 08 0 2 32 8 Je IS B . 7E pH=7.00 B,
BRI T MR ERR K, N 73.56% pH (EHAREEIGA, i
SRR T B T L 5% pH 24 3.00~9.00
AT A, AN 16.349%38 % 69.93% , 7E pH=9.00 Ff
TR R FLRU A T BB TG I FE MR M PR B I S AR R A
5 N H AT RN R R SN, B0 et RN R T TR
BACE 1 MRS B L FEEANGE , I AR E T
FEAFCRA PR, FEOL R R T 1B ERCR S
BTl e i MRS AHZERCK, [RIAERT g B T @l s ™
VIR RS20 MRS X7 L85 A I iR o 45
B FEHI 4 MRS B, B0 pH #E I 7.00 224 .

RGO MRS SRR, A IR B2 MRS X%
T FINE 0 g I o R R A A — 5k, VAR
F MRS X% T BB SRR T B R, Ui
MRS X Gk i) B e Pk R o] e R Gk iy v T im 7 . 45
A MRS X WU RH Gk () B R0 LA K SIEBRBAE Hh i e
i 2T, B2 Hl 45 MRS 36 B T 70 :RS‘TTAC
JE R 12 PEFEE R 400 remin” JEREEH 40 °C.
SN EFE A 3 hopH A 7.00.
2.2 RS #1 MRS BIEBIR T

& 6 A RS Fll MRS 7EAN [RCRAE BT i i
Bl R, Hid(a) ((b) . (e) (D) H]0 RS-1000 . RS-
5000 .MRS-1000 FI MRS-5000( 1 Ji5 i i 5+ 2o
CRAEE) . FEIRT UL, RS Fll MRS 2 18 45 14 47 75 22
5 RS F MU WA 25 H 5% 52 1 MRS 26
35T 5], BA PR IRES AR 22 TR
45Ky, X TRE RS FEEHAYER ARE 4R
FHH B PR EET A, HAT — 2 NI EE B R o,
B TIALL PR R A AR AR A TR R BT R AR 422 i
A H0,, BE5 AT ZMBE [ (R 93 XU S, ik
ARIFTZ S 8502, (RIS Hs 4 25 75 ALK 437 1]

(a)RS-1000

(¢)MRS-1000 (d)MRS-5000
6 FIFEEamAT SEM R A
Figure 6 SEM images of samples

SITIVERIE B K G BT FT IR EF 4 R 45 i X0, 14
IR RGP . AT AT, RS 20 FAL HE A ek
WA ARBREFELAER, HFIRI 2 TTAC Stk
J5 K BHES T B A BN AF 4 R K88 o MRS P
{UAE—F RO TR e Tk, BT LB ST E .
Ah MRS B KB F R B B 45 0 T RS i T etk e A
BUEF AR Tk | 27 4k 28 Sk oy F-ib 3 n, SR 7 3¢
BERRAMARTA G RIMIE B . L2, MRS #&5515] |
KL R RZE )2 S, AT VF 2 25 T SEBRZ5 ), X 3
Iy R, AR TS G R R
2.3 RS #1 MRS HILL 5P IG5 17

& 7 A RS £ MRS MIZLANERER], AT i o
TR BB BER WL 1. 2919.1423 em™ WEFHER HI4F
UG, MRS 1 RS 73X W Ab 35 HA B & e, 13d BH
MRS F1 RS HH#EFEELF 2 . MRS 7E 10281321 cm™

100
9of
80f
70}
60}
s0F
40f
30}
20
o—_
4000 3500 3000 2500 2000 1500 1000 500
W em™
B 7 RS 1 MRS £I5h i B
Figure 7 IR spectrum of RS and MRS

BEHRI%




1396

Vel S=pRi-SoSbicly 55 34 25 7 H

R 1AL E R R R A8
Table 1 Peaks and functional groups of FTIR curves

B E Wave number/cm™ ‘B #EM] Functional group SRk Reference
3419 214 -OH TR IR3h [14]
2919 —CH,.-CH; [ C—=H AXFr {4z sl [15]
2700~2250 —NHFFIE I A1 [14,16]
1645 WK S S SRR, E R C-0-C FiffiEsh [14]
1515 STHER OISR c=C BRI 10]
1423 —CH, W 7% 5 [17]
1321 TR G5 R A AR SE AR IR B IR s g [18]
1239 FHEELE DI Si-C h4EiRsh [13]
1160 LY R P B C-0-C AXTFRMP4E IR 3h [19]
1110 TeHl Si0, 1 Si-0 fhEdiEs) [19]
1031 e AR E T =0 k3 [18]
1028 R4k LYl AR R ZE R (A [10]
898 i 25 B L IR PR 5 [20-21]
P AL B U A BT S 55 F RS, FLAE 1515 em™ AR UEH .
O TT4E 899 e AbIFGUEHRIE I, 220 HUAL T2 " )
TREFF A AT K A LF 4 K MRS LR 7
ZERASENN P20, MRS 7E 1239 em™ Ab A4 s Or
BEW/IN, TIAE 1110 em™ AbZ2 H— MWl ide , 8B e £ a0
UL TSRS RE R £ B AT A T A AP AE R RO = 0 b
OYEEAS R TCHLEE AL, 7E 3419 em™ 4b, MRS HYIK . e
SR BEAHRTBESS . TIZE 1160em™ Ab 22 1 — A
W, FW] RS FPLFAER EIOTRARIES TTAC B2 T TR ks TTAC PAM R
2l

Bk Pk S0, Bl RS FREE I, MRS s s AR . b
Ak ,MRS 7E 2700~2250 em™ 78 Fl N £t — 28 /NI I
U, LM T PN I (B X 5 RS /0N, 158 BH ik Ak B2 1 1]
MRS FHRL5 | A PHESF LB -NH* 419, TTAC #4573
FEFFLF 2R K BE b Bl Pl R, A A T 55
YW SR VR DT BR 15 08 3 b, BH 5 %
L5 ARG MRS 5 BH 2 115 Y4 1) o o
VEFR, BTLL MRS X85 28 T(BHES T Yk ) i i € 2 4%
(NI AR QIR RO S
2.4 REGFITHEE T AL BRI

8 &7 MRS .RS.TTAC . R N Bt (PAM ) Al
PR BRI A% R T Yu b K B B B BCR XS L. B 8 7T
I, MRS X428 T 0B 0301 0 35 47 F RS DL A
WM EZyF], Hrh MRS X2 T Bl R R
97.47%, RS Fl PAM 4351l 79.04%F1 19.22%, Tfii
TTAC FIREREA X 5% 5 T SEAR T AR . LAk, i
RS 1 MRS X Gt B RO a5, KARF R RS Xt
YR A —E MR s, 2ok o i e Pk RS 2 AR
KEETH, AL FAL G ), Ut RS FF 2ot IF 0 T

P ORI NG 7 B RR 45 Ak B i) 22 53 1225 (P<0.05 )
Different lowercase letters indicate significant differences(P<0.05)

between different treatments
Bl 8 REZGHIXEEE T EBHIM BRURILE
Figure 8 Effect of different reagents on decolorization rates of

Eriochronme black T
Juih KA FE = A1 H SR .
3 #Hig

(1) HCPERI A MRS (938 B T 2245 : RSITTAC Ji
R 122 BEFEEER A 400 remin™ VIR EE A 40
°C WA 3 hopH 24 7.00,

(2)RS 5 MRS JESHZEFHESE 2 ARF, B E
REAT AR AR WA E AR 22 R MRS 25 A
R ZE N ZALBREER, AR T X515 G i i -
BVEAR IR B T RS A RER A AR BT R MR AR 4R I
5B 73 A -NH, 3558 T MRS XFBH & 115
YL L BrRe

(3)MRS XJ 4% 8 T Jubb A8 R A i e sicR , i



JEIE 2, 45 TTAC PR REAR AT A B YR K A5 1397

R RS A1 PAM 435 79.04%F1 19.22% , UEFH ek
P A P 2 B T RS AT A€ok BB LA A £ )
BCRA-

SE Wk

[1] Bao J C, Yu J H, Feng Z, et al. Situation of distribution and utilization of
crop straw resources in seven western provinces, ChinalJ]. The Journal
of Applied Ecology, 2014,25(1):181-187.

[2] SRAK S, TR, 20, 55, SRR SO/ N A T 5 L W ik T

W IF 5500 % T B8 T AR 1) W BSOS ). 9 8 TR 24, 2013, 7(3):
987-991.
ZHANG Ji-yi, XU Chun—mei, LI Jin—tao, et al. Biomass adsorbents pre—
pared from wheat straw by chemical modification with zinc chloride and
its adsorption of phosphate[J]. Chinese Journal of Environmental Engi—
neering, 2013, 7(3):987-991.

[31%8F M6, EART, Bl M, &5, P 3 4 =R HLIRE Y 0 B
JHBIFFEL)). FREERL 2L, 2012, 32(6) : 1364-1369.

JIAO Na, WANG Dong—sheng, DUAN Jin—ming, et al. Adsorption of
three organic dyes on modified diatomite[J]. Acta Scientiae Circumstan—
tiae, 2012, 32(6) : 1364-1369.

[4] Rafatullah M, Sulaiman O, Hashim R, et al, Adsorption of methylene

blue on low—cost adsorbents: A review[]]. Journal of Hazardous Materi—
als, 2010, 177(1-3) : 70-80.

[5] BP0, 52 Wb, TR, & AR AAE D ION K TR PR AT X-3B
B ERHIFFL)). PRBE T R4, 2010(2) :309-314.

WANG Kai—feng, PENG Na, TU Chang—qing, et al. Study on adsorption
of reactive billiant red X-3B in water by non-living biomass materials
[J]. Chinese Journal of Environmental Engineering, 2010(2):309-314.

[6] }TAME, 5] =, N 3, S5 PR 1 B 55 VR A 70 Fr ot M HE 2

BRACH W TR BRI, RIERE 2R, 2006, 26(12):1987-
1993.
JIN You=bin, HU Yun, SUN Jin, et al. Preparation and utilization of rice
straw cationic sorbent bearing carboxyl groups for removal of methylene
blue from aqueous solution[]]. Acta Scientiae Circumstantiae, 2006, 26
(12):1987-1993.

(717N, 25, Rtate, 45, 21 2k R A B0 KA AT Xt YeAeh iy Wit o
(31 fLTERR, 2011, 31(4) :365-368.

FENG Li-shun, LI Chun—hui, LIU Hong—-yan, et al. Adsorption of dye
on cellulase—treated corn straw|J]. Environmental Protection of Chemi—
cal Industry, 2011, 31(4):365-368.

[8] BLLYE, S [ 5, Ao i . AR R FT 27 20k 334 AL 2 1 R HO

BUEBH Y. Al PR =440, 2007, 26(3): 1138-1141.
HE hong-ying, SHAO Zi-giang, HE Meng—chang, et al. Physical and
chemical modifications of corn—straw cellulose and its adsorption mech—
anisms|J]. Journal of Agro—Environment Science, 2007, 26(3):1138-
1141.

[9] T, e, 227, 45, REATAHRIAY Ot SO 7 b B B
JIBIFFELD. w2 TR, 2011, 2(2):21-27.

LI Hai-jiang, KAN Xiao—wei, JIANG Zi—wen, et al.research on modifi—
cation of straw material and its application in water treatment[J]. Poly—

mer Bulletin, 2011,2(2):21-27.

[10] % &, 36, RESE, 55, NaOH BCPE FORFEFT XS A 25 Y
HIMBRHIFZE[D). SRR 5K, 2014, 37(1):28-32.

LUO Dong, XIE Yi-fei, TAN Zhou-liang, et al. Optimization of NaOH
modified corn stalk and its adsorption of petroleum pollutants[J]. Envi—
ronmental Science & Technology, 2014, 37(1):28-32.

[LL) B4R, 68 IE, 2, S5, SlAb TR AT DA AL RS2 IR )], 2R
iRk, 2010, 31(9):2208-2213.

CHEN Guang—yin, ZHENG Zheng, LUO Yan, et al. Effect of alkaline
treament on anaerobic digestion of rice straw[]]. Environmental Sci-
ence, 2010, 31(9):2208-2213.

(120 X0 3. S R W R0 A % Ak 3T R s e Ak (1 O P R O
FE[D]. TP ERAE, 2011:19-21.

LIU Lan. Study of modified straw adsorbent characterization and ad -
sorption performance of dealing with methylene blue solution[D].
Chongqing: Chongqing University, 2011:19-21.

(B EHZE, 0% 0145 4L, %5 AL AR KRR AT KB LA B Y

RERFIERFZE(]. Jeige 5Otk a0 hT, 2005, 25(2) :211-215.
SHEN Qi -rong, XU Yong, YANG Hong, et al. Research of spectral
characteristics of water soluble organic matter in the chemical process—
ing of rice straw[]J]. Spectroscopy and Spectral Analysis, 2005, 25(2):
211-215.

[14] Zheng L. C, Dang Z, Yi X Y, et al. Equilibrium and kinetic studies of
adsorption of Cd( II ) from aqueous solution using modified corn stalk
[J]. Journal of Hazardous Materials, 2010, 176(1-3) : 650-656.

[15] He Y D, Zhai Y B, Li C T, et al. The fate of Cu, Zn, Pb and Cd during
the pyrolysis of sewage sludge at different temperatures[J]. Environ—
mental Technology, 2010, 31(5):567-574.

[16] 3K IEZT. ArMr Ak M), AR, JEET Rl kL, 2006:283-287.
ZHANG Zheng—qi. Analytical chemistry[M]. Second edition. Beijing:
Science Press, 2006:283-287.

[17] Shao L. M, Ma Z H, Zhang H, et al. Bio—drying and size sorting of mu-
nicipal solid waste with high water content for improving energy recov—
ery[J]. Waste Management, 2010, 30(7):1165-1170.

[18] FE7 . A ZR R LT e 5 125 MR R G540 HSE IR I FFE D).
DERg : SF 0 Toll K%, 2013:29-32.

DONG Li-bin. The research of production process of lignin based car—
bon fiber and influence of lignin structure[D]. Jinan: Qilu University of
Technology, 2013:29-32.

[19] R 3CH, /R, sk, A5 —Fhop B etk i B 00 X 7K Fh R iy
W BREAEAEL). PRI, 2012, 32(11):1991-1998.

WU Wen-qing, HUANG Shao-bin, ZHANG Rui—feng, et al. Adsorp—
tive characteristics of trace phosphorus in water on a new adsorption|J].
China Environmental Science, 2012, 32(11):1991-1998.

[20] Cao W, Dang Z, Zhou X Q, et al. Removal of sulphate from aqueous so—
lution using modified rice straw: Preparation, characterization and ad-
sorption performance[J]. Carbohydrate Polymers, 2011, 85(3):571~
5717.

21583, 3 & 3 P % H0/NaOH HOHE FORFEFFH &5 A it
FRFFR B SEBRFFELD). Al FRIERN 254, 2011, 30(11):2384-2388.
ZHANG Si-wen, DANG Zhi, PENG Dan, et al. Modification of corn
stalk by H,0,/NaOH for producing oil adsorbent[J]. Journal of Agro—
Environment Science, 2011, 30(11):2384-2388.



