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BEBEBRRE BAEMAPL kAL EFBEATRARAG YA RARLGR A LA A R B RAE3IK,
B awti 16 h, =ML CPTCS-Si0, A B A2 EHARAKRTIAETL_BBRRAEGHIHFHK
B ARG APEIFTEAROBZLAARREAR AR TAAD A FRAGRE L RK H4.37, 54
#H 55.44 kJ/mol SHEB FH5.06x10°h™" , HAestbkfhn L RIET LB emdKk A &k7T
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F R 7 e RE IS % T (B BAF € T RE W 4
FHEERE AT RBEHIE EEALEET
HAENE R EARRAREEFERANFAROE
AU Beatty S AIRA N EARTHKEEZ
WM E & 4 8, & B Rosenberg 3k & 1 B 41 B
HAERBRMAEBMILER A, Z 55Tt 8
FHMREM MR CERETEEEREA A
MEENERET T RETREY. L8454
BH PAA - BERCH BL LA R AT B9 TR B YR 8B, X4
BB FHRHKEET 25355 0.85 mmol/g
0.53 mmol/g. FEBRE " KMEBZHETRER DR
BEEARNWESHBY I CL"ELEETF
F I B 60 0% B 1 BE. ZhangYing AR T
RO W Z R =R o B AW, 3 % 5 R B o
EARMILEBETTHR SERRTEEPHE
BERIEMHBASRIE ERARRE KI5
HERMRVLEFE, MRS BPERRAT
HE B 43 A v A R A9 B L R E (TN
B MRS hENRRAREAE. Hit, 2
FURARE=ZHEREIERH, UiRELERE
T A9 955 1 20 PR 00 20— B 1) 9 SRR R B O 3, B

i

1K F8 B 3 :2009 - 09 - 30 ; 41T B #§ :2009 - 12 - 27

XMIRIAE: A

REWHERERMOER, §RT Z k3t
B, P B SRR BE X R R R R AL T
BhETER.

1 SBHS

1.1 LBEHY

BERE0.718~0.245 mm, B R ERLTER
AR ERE=R L (CPTCS) , i BT E3FAT
MM ARAR; Z 2R (EDA) , 4474k, R4
RRF s AP R a.

1.2 ZZEBEEERNER

A1 mol/L WM I LEREC R, BEIR T 42,
REAEZBTMERRE=ZERELS KN 16 h £ 5
f5 5t 4k B B ( CPTCS-Si0, ). # & #: %/ 8 CPTCS-
Si0, WA ER K014 HEBIAHEAEAN
EEB(Z&E)NM.83 mmol/g.

FREL 15g CPTCS-SiO, i A% A BB . 2 8
BRBHEBH=0MF,RFMA 30 oL FER
—ERMZ MR AW, F KRR AR A
AR AU T HATRM. RMARETYRK
FIWEE . AEBK.D mo/L HK . KBEK.FBER
%, 38, ZTEESTER FBERHRIZ K
BB RE B A1 8 (EDA/SIO, ). 4 ¥ W 7§ EDA/

BEeWH - BMKESFAATNH  BHREHARERFIRES
EERN HEF(972-), B, WELEABSHAEABR B, TENEFTRRHAOEMNARSFLR,E-
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Si0, B # 5 TR 0. 114 ~0. 13522 [F].
1.3 45M%iENAE
H 7 & #/ 5] 49 FTIR - 8300 {857 M AR 3 41
AL, 4B K 2 om T KBr B R HIBRE
40 ¥R, F 575 HE 4 000 cm ™' ~400 cm ',
1.4 BRESEWNHE
HHSCHR (6] T i HER R 1.0 g B
& B S0 mL.0.1 mol/L M MAREER TR
HEBEEMERERT B, 6323 K KBETRI
—En el B AH ZEE, 5k, A 0.05 mol/L
) NaOH #r#E 7S W & L7 W, RIE AR vE I8 W R
BHERESR.
1.5 SR EHAE
BXEk(6]FEBBRSEME M RHE
W R B SRERG AR THHREER0.02
mol/L, W pH N 4.0, & 25 mL, K EE
303 K, W ftjEl 24 h,EDA/SiO, FI& 0.3 g.

2 BRI

2.1 ZZHREXRENYM

LB B & CPTCS-Si0, 3% 15 g, B A% 30 mL,
BN AZ = 2.35,3.76,7.53,15. 04,30. 01
g, 7323 K BEH AT RA 16 h, 45 RAE 1.

£1 AEZ-ERENTRER
Tab.1 Experimental results with different

concentration of ethylenediamine

m(Z= n(ZZRk): KEESR/ R R
B)/g n(BMEE) (mmol-g™') (mmol-g™)
2.35 1.42:1 0.170 0.079
3.76 2.28:1 0.324 0.128
7.53 4.56:1 0.724 0.269
15.04 9.12:1 1.142 0.419
30.01 18.19:1 1.263 0.481

F1P (L) n(ASR)BRMKER
HZ RS CPTCS-Si0, REH A EER
$0(1.83 mmol/g) WEE/RI. LWL REW, 22
R AR Rk R A B B, (KK B
BE YUZ_HREHERAEARNESENERL
KF9.12 B, Gk 2 R o B 71 A S 3 i R
NERAEE TRRFAUETEUHRRNE,
ZEARMENERENEESBREWNE
HBEHBEL IAF=YHENAERIETZ K
WEXMRMMER. BER P2 SRR E
HEITEWMERLERERI. 12:1.

2.2 BEXNEHEENKEMWE

LB %R Z, ZH15.04 g, CPTCS-Si0, 15.0
g, FRE30 mLIEERBE TR 16 h. LW E
RRFE2.

R2 FERETHXRER

Tab.2 Experimental results with different
i

reaction temperature mmol - g~

BE/K KREAR®S HKESR o it
303 0.140 0.436 0.191
313 0.258 0.882 0.316
323 0.439 1.120 0.436
333 0.740 1.313 0.564
343 1.006 1.390 0.577
353 1.213 1.437 0.644

E - FIBBEORMAER 3 h

AUEH EREARE, IE=YHEES
B R R K. IR A 303 ~333 K EEA,
FYUNKESEREENTEABMN, BEXRT
3M3KJE , ESBEELBLE. RN IR EXER
BENERAERLMEAES. TRERH, P
- Z BRI E A, RERT 343 K
B, AMBKEEEHAER,3S3 Kt BEBEEFN
¥, B Mk AR MR E A 333 K.

2.3 BREREAEEREDAE

KRR ERZ 5 CPTCS-Si0, EH A
AEEEAPHRSEREBRRRR, B—XE
BAHEXEAENERESHRN. RESEPER
FELP R CPTCS-SiO0, REHERYHERER, HH
WEASER1.83 mmol/g, Z_HHKEREAR
SRR EREAE/REWIE 20 5, i3 &, R
HHERRFAAERZ BN EWE. B
oA TETFLUEMNT®, ZE# A CPTCS-SI0, F
MERE(RE) SENREREE «» xRN
B, CPTCS-Si0o, FMAREBSEER 1.83
mmol/g, & i — & Bt 6] /& ,EDA/Si0, MEEE S &
& Q mmol/g, W) 2R i BE K

___Q/(1 -EDA/SIO, K ER)
2 x1.83/(1 - CPTCS-Si0, Mk ER)

k1
zﬁ (1)
FBde/dt RERMNER,SBCEK{9-10]H
HHE TR, BERNEESKRAPERKER
KEALERETHAER( -2) K n RFRIE L. W
HhFEFBEXAENR:
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dx N
T =k(1-2) (2)

k=A'exp( —% (3)
A x WRPHE kR EEE L 0 HERW
REBRBGE, F A R LR 2 015 1k 88 7195
HF.

WE R MR E 333 K, Z "0k 15. 04 g,
CPTCS-Si0, 15.0 g, F B¢ 30 mL &4 F £ 48 K M
BBl 1 F R A 1 BTR.
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1 BEEABRAREHREx SHEANXE
Fig.1 Relationship between Amine capacity, the

Reaction progress x and time

HIaPUES MABAMEAEAHRANE
B BB RMHEE « ERFHEBRLRIRE. XA
WAEMBEAFTELEREIRE" LUK 8 h 7T
BT In(da/de) 3t In(1 -2) 46 2, 81& BT
BEXWHARNABENE Y n, BB AR
BRMEREHRETRE ST 437,k %F
0.097 3, HXEB R 70.97.
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Fig.2 Relationship between In(dx/d¢) and In{1 ~x)

LB KRR Z K CPTCS-R K &
HRNENERERR, RRECEAEKREN S

-04 03

RN, REABZHTFZEy & XARNE
AR, MEAZHEEETE BRC KNS E
(B ERE ERRNAEERFSZ K
BRMESERARAN. B TRAEGH, REAEZ
BV HARMMGER, MHEEHARKREATNZ
THERMGHEERIEWENREEE, ERR
MEELEBELEZFELT A TRANAERNRE
B, A — B — BB R N B A U
ARRUAEERRGHHEEROES, TERN
U AT LB AT LA L SR
BELXEEEMENERTROEmMAE, L8
ZEERE2 Uk 3 U/THE. HIEBI2K8
AR

6 667.9

T

HAEXEH R 0.998. i F A K s T TE L BB
341 55.44 kJ/mol , i EHF A K5.06x10"h".
HEBIAZ _HMEBEBRRMAERS HEFR
KK

%-5.06 x 107 xexp( -

Ink = -

+17.74 (4)

55 440 .
T )x(l x)

(5)

2.4 Z_BEEERFUNHE
%t 2 B R G iR E 333 KRB A 16 h %
RUTHBTYLASMEE3 HRIERA . SREY
T T Bk B A i 48 H, CPTCS-Si0, #) A i 7
2962.5 cm ' f1698.2 cm ' 3 HIH B T C—H A
C—ClEM BRI B, BAEKREEIA
TEE MEJEF. 48 1 CPTCS-Si0,, & B
BEREH 20 S i E2 933.5 em ™' A A9 IR 0
3 ,698.2 em ' 4h TR GEHF (O C—Cl iz 3R Wi
WIMMEE BARKEANEARETRAS
ZoBERET RN, ERKEREL R T EDA/SIO,

100.0
90.0
80.0
70.0

a—Si0,
b—CPTCS-Si0,
100} c—EDASIO,

3750.0 3250.0 2750.0 2250.0 17500 1250.0 750.0500.0
Al(em™)
3 ®RK.CPTCS - &K% EDA/SIO, 41 5 i B
Fig.1 FTIR spectra of Si0,, CPTCS-SiO,
and EDA/SiO,
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Synthesis Study of Ethylenediamine Grafted on Silica Gel

FAN Zhong - lei, WANG Ling - hui, Shen Jin — ge

(Shool of Chemical and Energy Engineering,Zhengzhou University ,Zhengzhou 450001 ,China)

Abstract: The ethylenediamine - grafted silica gel (EDA/SiO,) was prepared by CPTCS as surface anchor
and ethylenediamine as surface modification agent. The effects of temperature, time and ethylenediamine con-
centration on the substitution reaction of ethylenediamine with CPTCS - SiO, were investigated in detail. And
it was obtained that the optimal conditions were reaction temperature 333K, reaction time 16h, and n( ethyl-
enediamine) ; n( chlorine on the surface of CPTCS - Si0,) more than 9. The substitution reaction kinetics of
ethylenediamine with CPTCS — Si0, was also investigated. It was obtained that the parameters of the apparent
kinetic model were reaction order 4.37, activation energy 55.44KJ/mol and frequency factor 5.06 x 10’h "
by the kinetics data fitted with the differentiation and minimum variance linear regression. Infrared spectrosco-
py and its performance show that ethylenediamine was grafted on silica gel by substitution reaction.

Key words: ethylenediamine;silica gel;graft; kinetics



