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Husk derived amino modified graphene nanofiber absorption

removal for acid brilliant scarlet GR in water
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Abstract The typical azo dye acid brilliant scarlet GR was chosen for the template contaminants in water.
Amino functionalized graphene nanofiber (aGRNF) was used as the absorption agent for the removal of acid brilliant
scarlet GR in water.Different experimental conditions such as the removal time,pH value, the amount of aGRNF agent
as well as starting concentration of acid brilliant scarlet GR were studied to find optimal removal conditions for aqueous
template dye. Hydrogen bonds together with n-n bonds can be formed between the prepared aGRNF and acid brilliant
scarlet GR, which was helpful for such azo dye removal. Investigations found that an optimal removal efficiency of
97.1% after 120min can be achieved readily at acid brilliant scarlet GR concentrations range of 0. 2~4. 0mg/mL.When
the initial concentration of acid brilliant scarlet GR was 1. 0mg/mL,with the addition of aGRNF (1. 5mg) ,the highest
removal rate of 97.1% could be obtained readily when the removal time was controlled at 120 min, providing novel

insights for broad potential water purification applications of prepared aGRNF nanocomposites.

Key words graphene,nanofiber, water sample,acid brilliant scarlet GR,removal

BE G Tl Y A J LN T B3 T A 8 e A AR AR S ey s ez — 1 %k
PR A 25 ol 6 By 38 0 o A 8 A i Z IR K E 252 PR A Ve RS E A T R A i, S T A LR
BT EAIG G BN 21 T AT S K Y 5T, AT 5 R RSO S R R R A
JE B IR AR Hrp AT B AR T R T TR 7K PR 85 v 22 3 B ™ FE B K RS Gt L 3 B R AR

HEEWA 2018 T ARA MBI H (B 17 5[ 2018288 5-14-1) ;T R4 H R B2 5 4 (2016 A030307013) 3 )7 A 24 45 W 9% &5 fig J) i@t % 1l H
(2015A010105034) ; 7~ ZR B LI R K Sk dk 23 A AT H (2014033014
TEE RN A A (1976-) , 1+, B NGRS i ST .



¢ 114 1 T 8 B 946 &

Ko AL R G R B 7 1 b 2% W B | AL B
RS EEE R Y R X s hh By B B
T AT IR B A A A (R A BR AR AT A — 2 S
BRPE L 28 ) it A kTG e, HL — S5 7K Ak 25 41 A
B TCIE PRI L BRI T A Tl B R . i
T I 2B A AR e B AR M T A,

A BIEIK IR B R A E Lk RE, B
I3z 18 0 R R B A BB R o L AR
YR Y& T AN LA BIEGORE A MR %
YK A MR RT AR R 1 ARG R 5 A R A B RR
0% M B A B BR AR I8 97. 5%, B R TR AR
FAFFIER AR R . Zhang &1 H1 4 T ALk
R B0 A MRE O LK AR S e AR R AE
O IR S ST 0] 5 g b S A 7 R R Y oRE, aX
BRI SE FE A R T A BRI 4 K bR A R e TS K
Ak BRI )RRV T

AW 5T LA 76 45 ] AR TR R N RO, 28 ek i Y
Hummers ¥ 2K A0 B ) S04k 8 38 S5 K % TN 42 R
55 2206 55 A0 T o A5 0 S A8 M 1) A SR 0 0 oK
22 (aGRNF) , 3 UK FE g M K 21 GR R it 5
Yy, HAFE aGRNF 40K k1 R R Yot Jid 5 751 L iF
FEANE AT X iR E KL GR B BR AR . I3 9
ZEET I L aGRNF BB a8 a2 | et ih ok
S5 ANTA] R 2R R U R M KT GR BB AU 14 5%
i LA K n] A7k

1 SLIEEH

1.1 iRXF
LK R IR VZ K BRTE KL GR. ¥ R4 Hr 4l
Sigma Aldrich 1 E A B2 w5 #4576, 20N 17 15 4R
WS AT BRA 5 B A AR BT gl L BTHE T R
AHRAF,
1.2 {uz5
Hos TR (DZF-6210 B, Fig—1a R A R
] 5 2R FH A P A (VGT-1990QT &), HEII T [#
R 7 Ml LR I A A BR 28 W5 L B B R AR (RW 20
D, E TKA 2>\ %0 H R K By (HH-2 5D,
N E AR g A RS s 5 AR L ok ot B Ot
(UV-Vis, UV-mini 1240 %), H A A 6 8 X
P11 (GSL-1800X-KS &) , 5 ML L 5 b4 kB AR A B2
il s St (QSH-1400T %), | 4 A g b0 A5 R4S
A A T WS (SEML JSM-5610LV B9, H A
B F Bk 28 & 4t X OB 46 A7 54X (XRD, Bruker DS§-
advance X AI) , {8 [ 17 & 5 /3 7 ,

/A\

1.3 H&EHHEE

TE AR A7 3 B 5% 0% JE At DO BRER S
2 = T A AL AR A AE T WA A BR R O
L2 R B U8, ok FH et it B Hummers 3 il 18 4
ST s A ALY . B A A e IR A B
(100mg) 4 # T #8 4l K Hh (100mL) . 5% Fi 48 75 91X
(VGT-1990QT A4, PRI T [ 45 7 ol L Ak 1% 4% A B
N ED M 1h, B S R B BB R 2F (RW 20 7Y, 7
IKA 28w 7E 3 8 25 4 T % 20K (9. 65mL) & 2P
T AR 1 2 52 IR A B I A AL B A B b . B
T 2R R R 75 I A (VGT-1990QT #4, B Il 7
P 4 2 W AL % 45 A BRA BB A 2min J5 . 76 = IR
SAF R R B BBk AR (RW 20 B, £l R TKA 2
AR 48h, RN AR, Zad U VR R T E A
TR (DZF-6210 AL, g —fH R A R A FD BH2s
T BT A5 = A 0 A SR A AR W T A [ R
Img/mL i #7K 53 5O . Bl J5 78 358 5 2% 41 T 2 o
AR EACE 750mg, R HIHL B #1258 (RW 20 &Y, 7
IKA A7) 80°C 4k B 1 4h, ¥ S by 14 2 Uik s e
B, &0 U vEv R B2 TR 4H (DZF-6210
A, b —tER A BRA D 35°C B TR 24h, 15
W5 5 P E R CaGR) . R B aGR 0. 1mg/mL,
100mL % B A P AL (VGT-1990QT %4, Il i [#
FEZV AL A B2 F DD M 1h, Bl 5 >R HL 3h 3
FEAE(RW 20 R, {8 [ TKA 2 e 7EBERE S 0F T L 2 i
I TS A5 Y L-2R N & R % (0. 025mg/mL,
6mL) %N o8 BE J5 SN A FR A = R AR SR
S FEE (RW 20 B, 8 E IKA A "D 4k 2 it 3 4h,
SN 28 3 8L BE R SR T L& TR AR (DZF-6210
R, g —TE R A R W) 35°C Hoas g, B A5
aGRNF,
1.4 #HREN

JKRE R M R 20 GR OB B I3« B i 45 Y
aGRNF (5. 0mL, 0. 3mg/mL, 8 & pH) 5 4mL Fi
S BCE B R Pk K40 GR ¥ W8 (0. 2~ 4. 0mg/mL)
TR R AR R KA B (HH-2 B, % N E 42
FATBR A 7)) 25°C J ¥ 60min, Bl J5 # & 60min, X
FHE8 Ah-n] WL 43 96 5% B2 11 (UV-Vis, UV-mini 1240
AL, H AR 5 RS JD AR SR AT 03 075 O
F b 1 T B R (R R B BR R . R
LT 0B (SEML JSM-5610LV AU, H A 7k 28
St X RE S HEAT IA . SR B R X5 AT 5 X
(XRD,Bruker D8-advance X A, f [ £ & 75 /\ 7))
XFAE R AT



%9 W R A AR A A 70 TR M HE B W 1) o 3805 490 DK 2 2k X K B R M K21 GR JBEBR E REBAF Y « 115 -

2 #R5®

2.1 SEM 43#f

aGRNF [ SEM ¥ W& 1. ME A LLE i,
aGRNF [ 94 K 2F 4 B A 9ok 2o e 30, K it
100pm , A2 80~300nm , — ¥R I3 K £F 4 4% 4 16—
A T8 N B AR T R K 2R 4 K T 38 300pm .,

&

K1 aGRNF K SEM K

2.2 XRD ¥

aGRNF i) XRD 3K WL 2. WK AT LLE
aGRNF 7E 24. 7° J¢ 43. 0° % A — M FEAE 0, 43 51 15
J& A7 B (002), (100) I, 5 & % CHk R E —
NI UE aGRNF A5 15 7 88 0 A 1iF J&@
Tl 19 aGRNF b £7 8246 40 K £ 4k

gﬁgl(a.u.)

1020 30 40 50 60 70
26/(°)

Kl 2 aGRNF B XRD i &

2.3 AEEEMEEKXLT GR BB IE
2.3.1 BLrrur ) s ER M K4 GR BLR R 693w
ASTR] B B i 18] aGRNE X B2 P K 2T GR B9 B B
Fh L UL E 3. MWEITFTLUE . 76 4% B 8] Bt , aGRNF
X R YE LT GR Y I Bk 56 W Wb g T JC 2 A8 i 1) A1
BRI AN R I BERR R, 7R aGRNF X K40 GR
JUR R A T 38 3 A 8 A0 K A BL, FE 20min, 50min
1 120min &5 F , aGRNF %R K21 GR i % %
IR 34.2% .64, 8% K1 97. 1% . 15 T LA A7 52 M b
b N e N A D W S o RO 1 8 )
29.2%.55. 3% 76. 1%, W58 % M .aGRNF X} 2
PER LT GR 9 W B 3 #2 AT LA 4y S W0 A B B il
60min A PR3 BE R By B . 2 J5 1Y 60min by 22 1% i bR
B B

1.00
0.75}
g
H I
&0.50 —=— aGRNF
= o BRI
0.25}
000" =626 60 80 100 120
mﬁ%ﬂ‘fﬁl/min
& 3 [ B BRI 1) aGRNF Xf iR ¥ K41 GR 1Y
i IEE

2.3.2 aGRNF JA 3 #F 82 M X 28 GR BLih & 89 % v

FEBLBE S B2 120min 5514 F . AN Al aGRNF H
HEXTERPE KLL GR BB R R i £ U1 4, DRI AT LA
F il 7E aGRNF 24 0~ 1. 5mg i 4, X @2
KL GR BB R BEE aGRNF & i3 n 2 5 4
THE A, Y aGRNF & H 1. 5mg K4 T, X R
PER LT GR I I R RO F 47, BEBR ] A 120min 4%
PEF IR R B e oA 97. 1% 5 1 24 aGRNF Fi &
T 1 Smg A& AT IR K LT GR B BR 2 il
ST AT X T BE R A R A 4 K I B R
T 23 7= A g K A ) AT SR B, o I I ) L 2 T
PR AT FRAR . H.— 26 aGRNF 2 1 -F 57 79 I ik bl 48
T JCIR Y W R R B 8 - A 2R B R 2 AR K
X BRME K LT GR RBRBUR A,

1.0r

05 1.0 15 20 25 30
aGRNFHI & /mg

Bl 4 AN[A aGRNF F X E LT GR 1Bk 3 il £ 1]

2.3.3 BRME KL GR 145 R E 3T BLIR 69 %
ANRITR KL GR W W T aGRNF X2 1
KA GR BB M & WK 5. MWET LA B, 7R
PERL GR ¥R B B 0. 20mg/mL & ¥ T & £
1. 0mg/mL %4 F .aGRNF X B2 Pk K40 GR BB
U] AR L X AT BE R PR O R ME R AT GR IR Tk
R AAE T KR A TR ALY R MR AT GR A
5 aGRNF 73+ 09 filf 48 JL 5 0 i — 28, 53X/ Il T
PERLT GR 55 aGRNF (14 78 43 42 fiih , D i 52 800 55
A JE R 20 s (H S R v K 4T GR W0 4R vk 3 3k 3 — 2
L, B 2.0mg/mL A& E 4.0mg/mL &4 T,
aGRNF XM KL GR B BEBR R THIF A I 3 . X
Fo B Y B B Y aGRNF B 2858 4 9k i R 1k



+ 116 -

& T BB OB

46 %

KL GR Ge 40 F £ B I, ik — 25 2 i i vk K 4r
GR e B 0] f5c 2 B I 28023 169 35 5% ) O AS K5 76 TR
PEREL GR WA M 1. Omg/mL,aGRNF fi# W
1. 5mg, BRI 4 120min 258 F ,aGRNF X 7% 1
KE GR B B 208 S5 4, Bk R 3k B e i by
97.1%.,

1.00

Pz EE

-~

o 0.75¢ &

g Z

B Z

T 0.50

& —m—0.25 mg/mL

E -@— 1.0 mg/mL
0.25t —<4—2.0 mg/mL

—%—4.0 mg/mL

000620 60 80 100 120

JBE BB A /min
K5 AFERIE KL GR WA EE T aGRNF
XITRPEREL GR B BR 3 it 26 &

LR LTI T A SIS G RIS
B DA (A5 A5 19 B B A8 1 9 aGRNF AT L3 3 &0
i AR FH O 4T b R MR ME KT GR QB . O3
—J5 1 M FAE M ) aGRNF 5 R 7E K40 GR 45#
TS Z ARG 5 Y U R 1Y) e L (A5
aGRNF X R MR LT GR B IR B8 B 255 SR B o0 3

3 i

DL 76 AT B AR B R O ROk, 2 B B Hum-
mers 5 2K AL B 00 A A AR R BOR TN AR S
FI 2 2% 45 20 TR Tl 45 B U e B i 1) aGRNF ., Jf i
FH R0 A SR e R R ME K 4T GR N AR AR TS Y 4. LU
aGRNF W B B % A4 B, 8 ABF 52 1 6 B B 1)
aGRNF HI & K& 3¢ 8} 9 46 Wk B8 48 A el & 4 T,
aGRNF X R KL GR B W bR s . #F o8 & 3K,
aGRNF & & 1. 5mg, BI 7T A & b B BR 0.2~
4. Omg/mL %5 8 & BE 10 A K AR HP R 1 K 4T GR
RYRE AERRMERLD GR WA IE N 1. Omg/mL, Jii
BRES [E) 24 120min 45 1 5, B BR 2 & & Al b F)
97. 1%, Fo 53 e B 1 i 9 K 4 BHLE K B2 Ak b 19 7%
T3 o DAAS 58 0] T A U5 T A A 8 0 0 K JBE I 550 00 T
BT b B AT G I B B AS L Sy T AR B e T
B9

S % Uk

(1] 4R, WhaT K.BEPEGN K Fes O JURL Y il £ B AE ek 1R 7K Ak 7
o L DDA T B R, 2014,42(12) - 223-225.
[2] Yagub M T,Sen T K, Afroze S, et al. Dye and its removal

[10]

[11]

[12]

[13]

[14]

[15]

[16]

from aqueous solution by adsorption:a review[ ] ]. Adv Colloid
Interface Sci,2014,209:172-184.
Brillas E, Martinez-Huitle C A. Decontamination of
wastewaters containing synthetic organic dyes by electro-
chemical methods.an updated review[ ] ]. Applied Catalysis B,
Environmental ,2015,166/167:603-643.
Gupta V K. Application of low-cost adsorbents for dye remov-
al-a review[]].] Environ Manage,2009,90(8) :2313-2342.
Solis M, Solis A, Pérez H I, et al. Microbial decolouration of
azo dyes:a review[ ] ]. Process Biochem, 2012,47(12).:1723-
1748.
Srinivasan A, Viraraghavan T. Decolorization of dye
wastewaters by biosorbents:a review[ ]J].] Environ Manage,
2010,91(10):1915-1929.
R S5 R W B A R U IR K A B 5k R W S S L) ).l
AAET,2015,44(3) ; 144-145.
Cheng J S,Du J,Zhu W J.Facile synthesis of three-dimension-
al chitosan-graphene mesostructures for reactive black 5 re-
moval[J].Carbohydr Polym,2012,88(1):61-67.
Zhang H,Lv X J,Li Y M, et al. P25-graphene composite as a
high performance photocatalyst[ ] ]. ACS Nano, 2010,4 (1)
380-386.
R AR, T Yl S5 B OKFE R AR 50 58 T 1A R
8 IR A 880 A oK R LD 0. A6 037 B4 B4 R, 2016, 44 (8)
254-256.
Hummers W, Offeman R.Preparation of graphitic oxide[ ]J].]
Am Chem Soc,1958,80:1339-1339.
Cheng J S,Zhong R M,Zhu J H,et al.Linear graphene nano-
composite synthesis and an analytical application for the ami-
no acid detection of camellia nitidissima chi seeds[J]. Materi-
als,2017,10(4) :443(1-12).
Cheng J S, Wan W H,Zhu W J.One-pot solvent-thermal syn-
thesis of TiO;/hraphene nanobelts for selective renal cancer
cells destruction[J].Chin ] Chem,2016,34(1) :53-58.
Yu H.Xiao P, Tian J,et al. Phenylamine-functionalized rGO/
TiO; photocatalysts: spatially separated adsorption sites and
tunable photocatalytic selectivity[ J ]. ACS Appl Mater Inter-
faces,2016,43(8):29470-29477.
Cheng J S, Tang L. H,Li J H.Palladium nanoparticles-decora-
ted graphene nanosheets as highly regioselective catalyst for
cyclotrimerization reaction[ J ].] Nanosci Nanotech, 2011, 11
(6):5159-5168.
Zhou X,Yin Y X,Wan L J,et al.Self-assembled nanocompos-
ite of silicon nanoparticles encapsulated in graphene through
electrostatic attraction for lithium-ion batteries[ J]. Adv Ener-
gy Mater,2012,2(9) : 1086-1090.
W #s HE#1:2017-05-07
&7 HH#:2018-06-27





