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HE. RHI3-A-2- ixﬁ%gqaﬁﬂﬂﬁﬂﬁ(CTA)XTE%)ﬁ%Lﬂ:JE THEIEAL RS SN, T8 1 AT IR S i e A A AR
9 NaOH B 5344 30% , CTA fRFR 100 mL, SR SEE 80°C | S WA [A] 3h. 3@ i JF A7 LA MG 9 KoK & Ak 8 (HZO) 2+
SN, 445 2R M) R REG K HZO 2446448 St-N'-Zr. SEM | TEM . XRD 5 BET &4 R Z 9K HZO TSI # T St-
N'PHR, LATCEIe R, s ms], kel 50 ~ 100 nm. HLRIEHSCR S5 SRR, StN'-Ze WM MR AT A Langmuir W B 45
TR B R R 33.90 mg-g !y AR pH N 1.8 ~6.0, W TRRME/KARERHE ; s34 B TR R T, B LR RIBA
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Fabrication of a Biomass-Based Hydrous Zirconium Oxide Nanocompos;te for

r"

Advanced Phosphate Removal “ =

QIU Hui, QIN Zhi-feng, LIU Feng-ling, LIANG Chen, SONG Ming-xia,/ X0 Zheng-wen, GUAN Yi- dﬂng .
( Collaborative Innovation Center of Atmospheric Environment and Equipment TechnolOgy ( GICAEET), School of Emﬂronmental

o

Science and Engineering, Nanjing University of Informatlon Science & Technology, Nan]lng 210044, China)

Abstract: Wheat strdws were modified byl 3-¢hloro- 2 hydr()xypropyl trlmethyldmmomum “chloride ((GTA) to obtain aminated whedt
straw,SE-N". The eptlmum synthetic conditions’ Weré determtned to be NaOH with' 30% “mass, fraction, CTA of 100 mL, reactlon-
temperature of 80°C Jand reaction time of 3K, whw‘l{ wa"s ~verified by orthogonal experiments. Ranot sized hydrous zirconium- oxldes i
(HZO) were 1mmobﬂlzed into St-N' by én in sltu preupltatlon method to obtain the nanocomposité St-N'-Zr. The SEM, TEM, XRD
and BET result§ 1ndlcated that the nano-sized HZO with 505100 nm sizes were unlfonriéJ

based’ carrier St-N’ that was amorphous in natl}re ‘A Langmmr adsorption isotherm fitted the adsorption process well, and the maximum
-1

y loaded onto the inner surface of the blOH!;;lSS-

ddsor;ptlon Amount was calculated to be 38.90 mg-¢~'. “The optimal pH range was 1. 8-6. 0, displaying good removal capacity of

phosphate’in acidie waters)In the presence of hlgh levels ‘of compe‘hng anions, the phosphate adsorption still retained more than 70%
of the original amount, showing the higher preferen(’e of SE=N"- Zr towards phosphate than towards the commercial anion exchanger D-
201. Afier 10 cycles of adsorption-desorption, the removal efficiency remained stable, confirming the good regeneration ability and
potential application of St-N'-Zr.

Key words : wheat straw; hydrous zirconium oxide; phosphate; adsorption; regeneration
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BT LR, H 4% W —Fh oAk (R B . PR AC LY
AP BEE G K HZO ZRAAHRE, 8 R T 2= AL bt
AL BRI HEAVERE 5 7 FIPLH], PPHK T pH
ﬁﬁhf BRI | 3 4 B 45 DN 30 FLBR 1

AR, A 2 A B o e PR BE 2 18]
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FTRENE, LIS AR U b B RRAR Y T4 88 Ak P 5 22 A 47
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1.1 HA 5 -
INZFRERTR FVLINE = is. 3-F-2-FR 1R 3k —H

FEFAL ML (CTA T 53 4 60% ) m’a*EIﬂ@TJ
Alqdﬂi—n .Indus._.tu,ri'al Co. , Srpral. #ﬁﬁ; J J'/\
o éﬁ’%%%i T R B TILJ%JI[L@ Mﬁkff

A R S ] 28 4 A A 2 R A BA W
@ W S A %mmmﬁﬁmm
1.27 WME’J%J%
1.2.1 IEﬁcwiW"EﬁrL'

AUk B I f4 /N2 SR 340 2- 1R N =
FH LG AN (CTA ) 1A T e AL e 1 o 48 75 321 e 31k
FEFF. sl T 200 2N Z A4S . NaOH Jii i 53
o (NaOH) | CTA HKFR (Viy,, mL) | S0 i
(T,°C) B JRFa] (¢, h) . el S e 2
DL MRS AT X B RRAR 19 B R AR N P bl ,
{Dl TE AN 55T Tl 2% 04 e RS AR RS A Xl R AR 25

B, B e A . MBS LS 2 ¢ FEFT
ﬁ? 250 mL Y VY BT, 43 H7E R N EE AT NaOH
KR IIRA TR (5: 1), 7650 ~80°C ', &1
JIIA 50 ~100 mL [ CTA, 2 3 ~7 h Jafs: k5,
W, K=Y SRR E P, BT 40°CH T
24 h, 1SRIHIEALFEFT SN IR B RS2 56 . o
BFRHL 0. 05 g AN[FA A T 2R St-N' T 250
mL #EEHF, A 10 mg- L™ BERREL AW 100 mL,
P& pH 5.5 £0.2, 25°C FLA 180 r-min ' BY%% 5
PRi% 24 h. PAGEIE ISR PR E AR

6?‘1‘)?

MR BRAE.
1.2.2  AEYFIEGIK HZO 22 febrwhi il &

FREL 65 ¢ ZrOCL, - 8H,0 (1 mol-L.7") Jil A %]
200 mL HC1[0.3 mol-L™", /K: ZEE (L) =7:
3. IFFRELS g SENTIIA R fHIR 25%C 4%
R4 %% 12 ho ¥ A REUE B O A ] 200 mL
w(NaOH) + w (NaCl) (10% + 5% ) ¥AWH, 16 &
25°C AR 12 h. S A R, gk ik 2
pH 2 40°C 54 T4 24 h, RIAS 24 k4
KA Z2 AL St-N'-Zr.
1.3 FRIETFE

A HLIC R 5 B 4% ( Vario EL I, 78 [
elementar 2N 084 B C, H, O &2 N JTZEA &
B AR (SU1510, HAS HSE AT W A
YA B RSN . A H 55 5 (i FH 3 9 B
(JEM-200CX, HZA JEOL 24 w]) 42 Bt 2= (LA Y 14

UL S S E E,; 4 zjuz{;%ﬁi\

JAAAFLFLBE 53 B4 (Autosorb-iQ-AG-MP, %‘%.-J%iA
{ﬁ?VDWgﬁimF%WUMMHwiﬁf
FLARR/MGEL ; (X AT 4T (XRD- 6100 Elzfi
By )RS AT %Htﬁﬂmaaﬁféﬁ’l
1.4 %ﬂiﬁi?’“ ) /-
1.4.1 TRRFAFREE
gl /ﬁﬁﬁﬁlé&zf% 0.05g St-N’ Al SEN'-Ze T
250 mL #EJEIRH, INAREWKE R 5 ~ 80 mg“.-L'1

BRI 100 mL, JTPH 5.5 £0.2, 25°C 4
B FALFE ARG %%#F - =

LA 180 remin ' BYFE IR 24 h. P, WE
b E WP B R AR VR R, 3F T i M = Q,
(mgg™).
1.4.2 pH M55

O3 S HERR PR UGS 0. 05 g St-N'Fll St-N"-Zr T
250 mL #EFE L, A 100 mL %A 20 mg-L~" )
WERR RV, 2K H HCI(0. 1 mol-L~") 1 NaOH (0. 1
mol - L™") 435l 5 ¥ W pH 4 1.8 ~10.7, £ 25°C
TLA180 remin ™' HFEHRY 24 h. SPAFHHN A L E
W B B A pHL, BRI A VAR P AR VA B B -
PUIR IR 53 Y B k.
1.4.3 SEHE T

S3BIFRIL0. 05 g St-N' | St-N"-Zr 535 HIF 5+
AR D-201 8] A 250 mL #EFER S, nA 20
mg-L B AR A W 100 mL, FE/R I n (S0,)/n
(PO /MM 0, 5,10, 15, 20, 30 Y (pH =

5.5+0.2), £ 25°C % THE IR IR 24 h (160
remin '), A B R
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1.4.4 R FAE S0

R SR BRR A A PERE, BRO. 1 g St-N'-Zir f51
A 250 mL HEFEH, HIA 20 mg-L ™" BEFREL S 100
mL(pH =5.5+0.2), 25°C 5 F IR 24 h, K5t
Ry B AR VeSS BES I 100 mL it 7345
A 1: 189 NaOH-NaCl (5% : 5% ) X2y I B A T
JRABFSCES , 235 24 h. MRHET IS FHEK G vEE
P, H NaCl(10% ) B9V WS Vel A RHE AL i C1
AT N — DR S, JEER 10 1K,

2 HFR5ITE

2.1 IEASIRERHHE A LAk

T S R A R R Y R DL SR
CTA BUPERSHFF SN By el MEOR , SR IO &R =K
FIEASRES Ly (3*). EFXHRZMm CTA BlobESUR B 52
WP 25 . NaOH Jii i 43 %0 [ @ (NaOH ) ], CTA & F
(Vera) « SONIRBE(T) . ROVEFRE] (¢) , B2 3 4>
K, W1 R, o

LERLH(F2), 4 DRENA GRS

K1 BEAUEFT SN L, (3Y) EXRIE &M

Table 1 Ly (3*) Orthogonal conditions for St-N" fabrication
U= =K
@ w(NaOH) /% 10 20 30
@ Vepy/mL 50 70 100
@ 17/C 50 60 80
@ t/h 3 5 7

M. Hrh, 30% F o ( NaOH) BHEKF, 100 mL K
Ve FITEKSF, 80°C A T IR, 3 h Sisf(a] ¢ AR
K ARIEE R KV, AR XS CTA BrESS R
SRR : T > w(NaOH) > Vg, >t. BN R
Mde R, MFEREE, RVEHE P REZERE. R
EACII B AE R, BiE B BT ZUE M2 g FFTE
T250 mL (PY RSN, S HC7E S N EEAT NaOH 7K
B (30% ) BIRA IR (5: 1) v, 80°C T & A
100 mL. CTA ¥, 03 h JGfELL, bug, B4
Al K PER e, BT 40°C HEAS TR 24 A'_b,,r;;f%uiu Jii
FALAEFE SeN'. _FFARTE . 2.2 %“Ef/?*}% LIH: Ky
BRI S R WO Zetbbbt. /. 7

4

. %2 | EXABEEAREHNREARTOERROEN | -~
Table 2 Orthogonal e.xper.imem to déiq_ﬁﬁinq_ﬂm effect of synthesi$ cqnditi(;ns on the medifications 'y
/ dhson A ;“w’fﬁffmmi LRy € PR & R

’ £ o(NaOH) /% S Vg mls e [ i/h e
1 10 Fs0 4 so S o ) 815

2 - 10 Fyood 60 i 5 10.67 5
3 10 ' 100 80 7 26. 60
A1 =4 20 ‘3 ' ) 60 7 8.99
B B 20 P 0 80 3 37.93
¥ 20 100 50 5 19. 47
' 7 30 50 80 5 27.02
8 30 70 50 7 27. 44
9 30 100 60 3 30. 80
K,/ % 45.42 44.16 55.06 76.88 —
K,/ % 66.39 76. 04 50. 46 57.16 —
K,/ % 85.26 76.87 91.55 63.03 —
/% 15. 14 14.72 18.35 25.63 —
ky/% 22.13 25.35 16.82 19.05 —
ky/% 28.42 25.62 31.52 21.01 —

W R 13.28 10.9 14.7 7.58
FE Wy T>w(NaOH) > Vg, >t

KT 30% 100 mL 80°C 3h —
G 30% 100 mL 80°C 3h —

2.2 FRLERIE
2.2.1 JTEDr
FEFFERMERT R e R S AR e WL 3. i c . H Y

}%C—(EHCHZN*(CH3)3C1’ + OH'—>HCCCHCH2N*(CH3)3CI‘ + HCl

Cl OH

RN, AN SRR, SR NRAT
5 CTA KA NS I AR, DAL
Freh N JCR A E e, R R,

(1)

.v._.l'
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ol
Cellulose—OH + HC.—CHCH,N' (CH ), o, cenulose—o—CHzﬁjHCHzN*(CH3>3c1- 2)

IR 70 14 5 80 2 Bt S F A LI AP RE B — Ao
PRI W B0 F) S S 4 A B TEC Al ARG 22X TEC =

N% /1.4 #4738 3 3 Al 48 St-N'-Zr It St-

N' B R P AT AL, T8 T & HZO [ #1E

PRI, (75 A 5 i T R

%3 St, St-N'XK St-N'-Zr TR
Table 3 Element analysis of St, St-N’, and St-N'-Zr

. TR/ % FETYan
C H N (TEC)/mEq-g ™!
St 44.26 6.34 0.17 —
St-N’ 49. 64 6. 65 1.24 0.89
St-N'-Zr 42.43 5.52 0.76 0.54

2.2.2 HHEBET

A 1 4 L R (SEM) W FS AT el A e YT
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Table 4  Physicochemical properties of the sorbents

e i
St St-N' St-N'-Zr
BET LR A/ m? -g ! 5.580 35.631 77.287
LA/ nm 4. 060 3. 403 3. 401
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I Ty REHE ] — R—N* (CH,CH,;),Cl~ R—N* (CH,CH,),Cl~/HZO

2.2.5 X At

St, St-N'"J% St-N'-Zr iy XRD FE LI 2, M
ATLAE SN -Ze B ARG FF A9 R AR 0 AR 55, 1812 19
HZO GRIRATE SR R AN 9 e e . AR T4
Al BE R AP A, o AR e RA R R
TR, PR AT DASRAIE T 22 W B 67 45, A R T4
I B 3R

St
St-N'
St-N"-Zr

" B2 StSt-N'F0 St-N'-Zr # XRD [ &
Flg 2 XRD diagram of St, St-N' and St-N'-Zr

2.3 WRRRAEIR LR

St St-N'J% St-N'-Zr 7 25°C F % B MR AR 1) %I
LK 3 s, 5IEREFE St AL, St-N/ X R AR 1
BRI B, RO CTA e 5, BESEAbRs T
P IE A BRI S 60 R A B B AT gk
T s ). M2 febhR St-N'-Zr PR e X iR
MR 5| K HZO X i 1R AR 1% A B TC 57 & s Wi
BE, WO A TR N 3 M R Y. SR
Freundlich #1 Langmuir ﬁ*}ﬂé?jA@Q@aihf St-N' 1
St-N'-Zr PIFHALRL BRI AF IR, TR T .

Langmuir ik
c c 1
Lot 3)
Q Qm KLQ
Freundlich 712 .
InQ, = InK; + Llnce (4)
n

oA, Q. MM IHE (mg-g ™) 5 e, AR ARF
BIVIE (mgeL ™) 5 0, RIBFURBEBE (mgg™')
K, . K.} B 250 1/n 4 Freundlich # AR
JEAHDC TR, 2 W R 52 LA T o M ) A

40

—o—StN’
—&— St-N"-Zr
—o—§t

30 - /‘fﬂ‘

Qc/mgg™!
(o]
(=]

10 k- /W///A\*/_ﬂ
0k ln____q_..-r.- 1 1 it 9 1 7 L
0 10 20 30 40 50 60 70 80
c/mgL7!

r r : o s
B3 25°C/%&M4T StN'F St-N'-Zr BRI RHERE o
Fig. 3 Phasi)hayg: adsorption.‘is{otherms of St-N" and St=N’-Zr at*25%C

g u',.-v‘i
M*ﬁ%%ﬁlf ﬁiﬂcﬁ( * 5), Freundlich FERIA]

C TR SN BERRAR ROV B, T Langmuir 45

201°) B =

AUXF Z= Ak K BE St-N'-Zr B A & 1) 381 A 80R.
Freundlich LG9, K Fl 1/n &7 8 4 1) W BRF4: e
I ROE . USR] 1/n (/T 1, R
Bkt A I S B, ol 3 5 (RS 86 ol e et
AR, T T B AR ) 5 BR. K (BB
K, FUIRRI B AE S kK, SEN'-Ze B9 K (R T
St-N'f1 K8, W2 bbb B RE AL T e 3L AL RS
FF St-N'. 4 Langmuir J7 2 0] 1, St-N" B e KW Fft
N 12.90 mg-g™', StN'-Zr (1 5 K W% BN
33.90 mg-g ™", U AR A AL B IR A Y IR B 1 e
nes
2.4 pH LR
Al pHA A A R BB BB i AN & 4 FF7R. St-

N'FE pH } 4.0 ~8.0 i, WEBHEAERFAE S mg-g ™' 72
A, ARACASHA f ;i e AR pH Y P9 AN pH Y
P9, StNXHRERRAR 14 0% Bt 704 BT N . CTA Bk b
MR SR, TERSFF L5 A A IE A ML . 7EMR

ST B IR AR R o T 2 T v T 1K



34 BRSO

20K HZO Z At I S BRI 1217

%5 Langmuir 71 Freundlich Bt &R £ & S8

Table 5  Fitting parameters of Langmuir and Freundlich

MR

Langmuir 77 %

JirE Q, (mg-g™") K, R
St-N’ ¢,/Q,=0.077 5¢, +0.320 7 12.90 0.2417 0.997 7
St-N'-Zr ¢,/Q,=0.029 5¢, +0.109 8 33.90 0.268 7 0.998 8
Freundlich J5 2
I X K, 1/n R
St-N’ InQ, =0.1747 Inc, +1.748 3 5.744 8 0.1747 0.998 6
St-N'-Zr InQ, =0.270 6 Inc, +2.388 4 10. 896 0 0.2706 0.9878
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Fig. 4 Effect of pH on phosphate sorption by St-N’ and St-N'-Zr
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