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T B 45 2 PR EAT T 9T .l ad X & FE S EEAT FTIR A1 SEM 4347, IE 5%t DTC Bk 3 47 T CuSO, ¥ 2%
£ 5258, FTIR Al SEM 34 35 32 U L v 43 O vE e 2l o EL3E i 48 4 52 90 20 # T 76 M CuSO, W b, 25 A
fiE bl DTC B3 K B 2 5 A 35 Bt 850 5 26 AR 7] pH A9 CuSO, % 3 4 B8 A PERE UEAT L. 24 pH=11. B &
BN 1.54% (wt) ,DTC st 3E 8y &k 0. 10g i, B8 & M BB 15 81 95 i {f 500. 9mg/g.
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Figure 1 Reaction mechanism of the crosslinking starch

Table 1 Experiment parameter of crosslinking starch

¥ g/ C B B At/ mL ECH )i #/mL S ¥ Bt i) / b
14 25 150 5.5 12
24 25 160 6.0 15
3% 25 170 6.5 18
43 30 150 6.0 18
54 30 160 6.5 12
6 30 170 5.5 15
74 35 150 6.5 15
84 35 160 5.5 18
94 35 170 6.0 12
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¥ 20g A BETER DA B = CVBSHR P , in A 50. 8ml ECH (A AN L) , HiFE T » 30min [N 2818 5] 5
M 0. 62ml () HCIO, , #£ 86°C e N 15h, R 45 W J5 ARSI JH 2 pH=6.0~7.0 Z ] . 4 yE 8 7=
v D TE VR T R LIS B B TE S .

K AR T R A 2 TR .

HCIO,
Starch—O—CH,—CH—CH,—0—Starch+ CH sz‘ CHXCl ——— 2 Starch—o—cm—fH—CHzCl
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Figure 2 Reaction mechanism of starch etherification
(3) Fiz Al VE #3 1 hl #
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W SeAE 85°C N RN 5 FlL ARG FHIEL Z 90°C L95°C £ ) i Sh, & Je B 45 R 5 FBS oK H: pH 1 & pH=
6.0~7.0 Z[0], Rt g A R L B0 8 Uk TR RS A AR TE R
J R A2y FE X an 1 3 iR

Starch—O—CH;—CH—CH,Cl+ H;N—C—NIL M Starch—O—CHz—$H—CHg—HN—E_NH2 +HA
ONa ONa
P03 e Al e A s o ML B R 3 1R
Figure 3 Reaction mechanism of amination starch
() Zh AR L P IR R (DTC Sk v ¥ 5 43 @ 25 71D 1 il 55
PRI 1g (1B ALTE Ry T = VB A 3ml (1 40 %0 NaOH, $ii #3557, B b CS, Al R A W (1
i) Ke P WL 3R 4) W78 30°C [ 30min, % 45°C , fE/ W 16h, e J5 DL 50°C [ 2h, ZERZ R CS, . 2
N Z5 S FHBS RRA H pH I8 22 6. 0~7. 0 Z [u) . PRl il B 75 72 37 L B0 T Uk L T L BFEE AR TE M - — 0
REFETREY . TEH - B A2 R IR L () S2 90 A5 AR 3k 2 Foi .
B A7 5 R A 4 s

S

Starch—O—CH,—CH—CH,—TIN —B—NI L+S=C=S —Starch—O—Cl Ig—il l—CHg—HN—C—NH—(f

SH
ONa Na

B 4 DTC Btk v # 5 AL EE R B

Figure 4 Reaction mechanism of DTC modified starch

R2 EM-_HRARERBRAIBSH
Table 2 Experiment parameter of DTC modified starch

JHe L GE KD /g 40 % NaOH 4 /mL V(CSy) :V(Z ) =3: 218 A W 1Y F & /mL
5.0
5.5
1 3 6.0
6.5
7.0
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(3)DTC Mk e H 5 4 Ja 28 4 70 2 PR RE 1

FREL DTC gt 3k CHL B & A mo 2875) B F 100mL BRI A 50mLCuSO, ¥ ¥ (Al #i A [
TR H pHD L 7E 20°C FHiE+E 30min, 78 4000r/min F 2.0 10min, 5 FIiFW . RHEBE AW 5804
(R 5T B R m, B SRR B O A T VIR T 2 5 R BT my . (DTC BAR & f CuSO4 /Y 41 1 ik B2 %71
THRIED

25 PSS 1 AR IR (] 5T 9 DTC Bk v by (LT & A mo 375D F 100mL B BEAR T, A 50mL 78
17K C5 Pk CuSO, BHBAEXT L) L 78 20°C M4 30min, 7£ 4000r/min T &§.0 10min, ] F g, FRIL
TR S EOEN RN m 5B OB E R T 25 BRI &= m; .

25 S 2 AR BOM R) o £ 9 DTC ek ik CHL BT 2 ] m, 38750 T 100mL (BRI A 50mL 28
7K CHRAE 75 SRR 15 5 Z ARXE R Y pHD 7€ 20°C T4 $E 30min, #£ 4000r/min T 250> 10min, % 3K .
PRHTURY S .08 I BT m, 5 F B OB R T 2 5 FRH B S ms .

PRI B TERE o(mg/ I T ARIE .
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2.1 4I5MSkik (FTIR) 447

21 4 B LT 5) 1] 7 5 oK B 9 5 5 6 B 9 A 21 1 IR % 2 S o T il 1 B 9 5 58 006 i
FALL . 7E 688. 1dem Ak HyBL T C—Cl A FHAE IR R e L 3899 1 3 i of CL T B T 8 M L. 7 1452~
1453cm " Al 88Tem " 4b 43 5l 4 B 7 g 61— NUHL— 45 4 F 5 0 008 26 10 DR 36 L o 5 A i 9 i o —
Cl R I 5 7 DTC Btk JE 75 1413. 00cm A FL T C =S (W HEAF 0 . BAB T CS, WL 5 Mtk v o 1y
I B J2
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I 6 7% o 5 KGR (1) 6 3 i e 5 58 5 iy BROIR 55 K O L 00 2 TR 50 30 00 0+ 0 0 9 52 B
22 J5 AR SV M (2) L LTI 25 A 17 78 Al o WK 22 T R B0 T 0 20 5 TG 0 9 Tk AL 22 s O 15 ) ik
R M (3) L U A5 % 2 9 0725 Al o L 0 T L1 PR 9 g o T 36T 5 0 1 37 ) PR 5 2 ik Al T 9 e 1
FIF A5 A 2 A B (0 5 BAL B 19 At 22 HOTE 288 A — A5 A 2 T 1M 34 22, B T AR S0 5 2
B AL B 5 AL R L A5 9 DTC Bbk FE RS (5) 55 e AL T A GO AT HL L B T 26 1 19 7 IR 4% K 8 2 22 41
107 L 43 5 R 25 M BB T L D R 3 F % 4 T 788 Mk s T DTC BOMETE M 5 CuSO, B i LR 25 4 4
(6 HIE S8 AR T F KM AE A B LG22 T A O B T 00 2 1 1 O LA — 5 B A TR 4 3K 6
JE A F DTC MR 5 CuSO, EMMER Y.
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Figure 5 FT-IR spectrum of each sample

K6 AMEmARRER <2, 0k
(1) J K JE by (49148 P B8 IR 5 (2D 38 TR TE A A R PR IR 5 (3D TRk AL Y B3 1) 0 i Wb B 11 5 (0 R Ak D o 1 41 4 v B R
(5)DTC M ETE R I 15 s 85 1 5 (6)DTC B 3E ¥ B8 A CuSO, (37 45l 85
Figure 6 SEM;s of each sample

(1) SEM of raw corn starch; (2)SEM of crosslinking starch; (3) SEM of etherified starch; (4)SEM of amination of
starch; (5)SEM of starch modified with DTC; (6)SEM of starch modified with DTC chelating CuSO,

2.3 DICHMENESLEEAFESHENDN
2.3.1 ARREEL &R (WwoODTC sttt & & BB SRR G RN WK 7 iR, &4 RN E A%
REREE DTC BCMEJE AR & i V0 Cwt) B398 i i 388 in , A0 T 6% & 2 9 DTC scbk ek i BS A P gk DTC
ROV S8 B FH R A B e TR B AR . GRS R RS AN A 2 T AR B A R B T S s R
T Cu*™ BEA TR B, B L Bl 25 B & 5 8 m DTC 2o Y& 0 1 B8 4 M R Bl =2 38 s 40 R 85 & 2 %
(wODTC BCPEvE Ky FH S 09 15 [R]RE o J2 38 i 7 28 & e 0 9 £ it T8 b 288 65 M B e 22 n o » 05 s Bl
DTC Bl v 3 FH 22 0 38 i o A v e #a TF 22 2 I ok CuSO, 5 i - i 15 85 A 70 A 1 205 28

M 7 FEE 3 ATAL R & R 0. 92 (wt) . 1. 05 % (wo Fl 1. 54 % (wo) By DTC Bt ¥ v by 1 e A3 1 =
¥k 0. 10g, HE A HERE S 275. 1mg/g,300. 5mg/g fil 340. 0mg/g.
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Figure 7 The relationship between starch heavy metal chelating agent modified with DTC and

chelating properties at different sulfur content% (wt)

®3 FEAFMEEN(W)DICHMEEMESBESHESERNRE
Table 3 Chelating properties table of different sulfur content% (wt) DTC modified starch of heavy metal chelating agent

¥ 1 2 3 4 5 6

DTC e tEvet & /g 0. 04 0. 06 0.08 0.10 0.12 0. 14

WE & 0.92% (wODTC Btk A PEfiE/ (mg/) 120. 6 135.1 239.0 275. 1 276.9 278.3
f it 1.05% (woODTC Stk iE k2 & g/ (me/o) 136.9 150. 2 257.3 300. 5 301.7 303. 1
Wi 1.54% (wODTC B PEVER 24 PEE/ (mg/g) 190.5 200. 0 308. 6 340. 0 341.7 342.9

2.3.2 DTC Brthye by B 4 Jm 245 R A R CuSO4 3l S YERER 0 M nT&l 8 Pl . i & &
1542 (wo) B9 DTC Sk 3E B 89 48 0. 10g WF. BB MERE S CuSO, WK 2 &M C R . oA REE
CuSO, ¥ BB I ot 57 Cu®' 3 B2 80, S PR RERE 2 38 . IR Es 3k 4 Bis .

350 -

—n— R 2
I i 2

300 -—
250 >—
200 -—
150 :

100

BTt (malg)

50

oOF
| L Il L L
0.2 04 0.6 0.8 1.0

CuSO_#J% (mol/L)

K8 Bt 1.54% (wo iy DTC Btk i 4 5 4 8 45 4 73 R Rk B CuSO, B MEE & HEBERY 2 R
Figure 8 The relationship between starch heavy metal chelating agent modified with DTC and different

concentration of CuSO, solution chelating properties at sulfur content 1. 54% (wt)

x4 DICHMEEMESEESTIXNAEKRE CuSO, BRESMEREITRE
Table 4 Chelating properties table of DTC modified starch of heavy metal chelating agent for different

concentration of CuSO, solution

A= 1 2 3 4 5
CuSO, ¥ W e B / (mol/L) 0. 20 0. 40 0. 60 0. 80 1. 00
A ERE/ (mg/g) 20. 1 100. 3 189. 2 261.0 340. 2
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2.3.3 DTC etk & & 8 2 4 7 A H pH CuSO, R E G EBEM Ar inE 9 FiR, 5l & &4
1.54% (wODTC gt iE M B CuSO, ¥ pH M3E ISR 25 BIHE TR H, HhE& 3 v,
PE&AE R L0, 10g BB & 0 1. 54 % (wo) i DTC BObE 3E 8 B9 28 A M BE 4 340. Omg/g. B pH {H # B
1%, CuSO, WY FRPERG 58 . DTC St veE by B Wi B % . 24 pH (24 3 B HE S EREY 199. 8mg/g. Z 5
Wi pH (E T B, DTC ot JE B 25 & M e TV T B, 3 02 PRy R 1 3 5, DTC Bl o T o L 338 % i s 24
CuSO, ¥ A G PE RS i 72 pH=7~9, 2 & PEREIG 2218, pH=9~11 W] . B & L AR B3 L 34 31 i
i {H 500. 9mg/g, BXAEF N, Cu* " FER A0 F A B atae 4 i Cu(OH), BRI UTIE . £ pH K 9~11
W A G5 CaCOHD, HE ™ A U AR T (45 28 5 PR AR R 3 o, Y pH E 4k 2L it . DTC
WUPEVE K3 2 A PR Al S G T R R B X R KO E pH O 11~ 14 B, i T iR, AR R S0 S
CuCOH), %1 i Yr IRl 5% A8 R F5 BudE F i 45

A TSR (mg/g)

K9 AE pH AR SRR 1. 54 % (woCuSO, 5E A TEREZ [H Y% &
Figure 9 The relationship between the CuSO, and chelating properties at different pH of sulfur content 1. 54 % (wt)

HIE 9 Al AL, DTC 2tk e 8 78 Bk b i 88 & 8 R B i, 78 pH = 11 B, B A Pk Rk s 2 i & (H
500. 9mg/g. H pH {ERITE 3~14 Z B EE SR AMET 99. 8mg/g.

3 ik

(DAL - 0F58 T DTC Bk T #  BE 5 92T 463 2 B 26 W L 78 ik fk 38 4 e Ak 3 49 At DTC 2
PEVER I 4 50 BT — CL AR AF 06 R e 5L Fn— NH— 45 My (9 R AE 06 L B C = S [ B AF 16, F B 5 3 1
T DTC SUHEGER . ARG SEM 8T £ 81, DTC 2otk e i 5 CuSO, I8 i HIREE &1 5

(2)3 3% DTC Stk e # & CuSO, MM BE AT 58 & B, 76 1 CuSO, %W b # A CuSO, 11
PEREREE DTC Btk e 0 6% & 5 20 Cwt) 9 385 fin 1 38 o, A ) % 3 & 09 DTC ok e s i B8 A Mk fig L B %
DTC gtk v by FH B 38 n » 226 LR Bl a3, M GRS CuSO, I 2L C R & &
M 1. 54% (wODTC BPEiE kb CuSO, T pH M35 N, Mk e LIS F Mm%, pH=11 i}, %

f eIk B F = {H 500. 9mg/g, H pH JEHEFE 3~14 Z A B A PEBEARMR T 199. 8mg/g, DTC el ik 3 #

G VB8 A TR BN, e PR RS A FE P 22 [) B 45 4 5, DRLE . DTC BIC S A 3 75 7K Ab LR A R A 38 2R

% Sk -
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Study on Preparation of Chelating Agent by Urea Modification

GU Xiao-hua', ZHOU Shi-jing' , ZHANG Xiao-hua®, LI Fu', XIA Dong-bo'
(1. School o f Materials Science and Engineering ,Qiqihar Universit , Qigihar 161006, China;
2. Dagqing oil field Construction Corporation Qingsheng Industrial Corporation, Daqging 163712, China)

Abstract: ; In this paper, we used corn starch as raw material, and tnen preparation the crosslinked starch. tne
etherified starch,the amino starch and the DTC modified starch, then study the best preparation conditions of the four kinds
of starch. The FTIR and SEM analysis were carried out on all of this samples. Analyze DTC modified starch by sulfur
element analysis and conducted the chelating CuSO, solution experiments. The FTIR and SEM analysis showed that the
starch was modified successfully, in neutral CuSO, solution, the chelating properties increased with the increase of the
sulfur content of DTC modified starch, then compared chelating propertie in different CuSO4 of pH solution, when pH=
11, sulfur content of 1.54% (WT) of the DTC modified starch dosage of 0.10g, the chelating properties reached the
highest value of 500. 9mg/g.

Key words: Corn starch; Heavy metal; Chelating agents; Chelating propertie
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