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The adsorption behavior and mechanism of a novel chelate resin，iminodiacetic acid resin(IDAAR)f0r Y锄 

were investigated．Th e statically saturated adsorption capacity is 102mg。g～ resin at 298K in HAe—NaAc medium 

at pH 5．7．Y锄 adsorbed on IDAAR can be reductively eluted by 1．0～4．Omol·L HC1 used as eluant and the 

ehtion percentages are almost as high as 100％ ．The resin can be regenerated an d reused without apparent decrease 

in adsorption capacity．Th e apparent adsorption rate constant is k298=3．36×10一 S一1．Th e adsorption behavior of 

IDAAR for Y锄 confornls to Freundlieh S model reasonably．Th e thermodynamic adsorption parameter．enthalpy 

change M／ofIDA_AR f0r Y锄 is 18．6kJ‘tool一1．Th e complex molar ratio ofthe functional group ofIDAAR to Y 

锄 is about 3：1．Th e adsorption mechanism of IDAAR for Y锄 was exam ined by using chemical method and IR 

spectrometry． 
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0 Introduction 

Chelate resin that possesses atoms such as oxy— 

gen，nitrogen， sulphur and phosphorous has the ability 

of coordinating directly witl1 metal ions an d in this area 

more an d more research iS involved recentlyt _ 1．Imin— 

odiaeetie acid resin (IDAAR)iS a novel chelate resin 

and contains a functional group of[-N(CH：COOH)2】 

which possesses not only proton that can exchange wi th 

cation， but also oxygen atom that can coo rdinate di— 

reetly with metal ions．W hat S more， it has quite a lot 

of advan tages such as hish adsorption capacity， easy 

regeneration an d convenient operation ete． So IDAAR 

can be  effectively used in the adsorption ofmetal ions． 

The present paper aims at studying the adsorption be— 

havior and mechanism of IDAAR for Yttrium锄 ．Th e 

bas ic adsorption param eters were determ ined．Th e ex一 
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perimental results may provide a basis for concentrating 

Yttrium 0ⅢD in hydrometallurgy and further studying in 

coordination chemistry． 

1 Experim ental 

1．1 M aterials 

IDAAR：iminodiacetic acid resin (provided by 

East China University of Science an d Technology， 

H—type，activated before use)，standard solutions of Y 

锄，La 0ⅢD，Sm 0ⅢD and Ho 0ⅢD were prepared from Y203， 

La203， Sm203 an d Ho203 with a purity of 99．99％ 

buffer solution with pH 3．0～6．0 were prepared from 

KC1～HC1 an d HAc～NaAc， other reagents were of 

A．R．grade． 

1．2 Experimental M ethod 

1．2．1 Adsorption Equilibrium Experiment ’ 

A desired amount of treated resin was weighed up 

an d added to a conical flask，an d then a desired vol— 

UlTIe of the buffer solution with pH 5．7 was added to it． 

After 24h， a required am ount of stan dard solution of 

Y 0田D was added to the flask．The flask was shaken in a 

SHZ—B temperature constan t shaking machine at the 

constan t temperature．Th e upper layer of the clear so— 

lution was taken for an aly sis until the adsorption equi— 

librium was reached．The concentration of Y 0田D in the 

aqueous phas e was quan titatively determined by using a 

Shimadzu UV一2401PC UV／VIS spectrophotometer at 

570nm⋯ ．The adsorption capacity (Q)，distribution 

coefficient(D) and separating coefficient( ) were 

calculated as follows． 

Q： 

D ： 

w 一 等 
Co： initial concentration of metal ion in solution 

(mg Y 0ⅢD·mL ) 

C。：equilibrium concen~ation of metal ion in so． 

1ution(mg Y 0ⅢD·mL ) 

total volume of solution(mL) 

resin weight(g) 

RE：矾 earth(La，Sm，Ho) 

1．2．2 Elution Test 

20．0mg resin was added to a mixed solution 

composed of pH 5．7 buffer solution an d a desired 

amount of t}le standard solution of Y 0田D．After the e。 

quilibrium was set up，the concentration of Y佃 in the 

aqu eous phase was determ ined，an d then the adsorp tion 

capacity of the resin for Y 0田D was obtained． 

Th e resin separated from the residual was washed 

three times with the pH 5．7 buffer solution．The resin 

adsorbed Y 0田D was shaken with the eluant．After t}le 

equilibrium was set up，the concentration of Y锄 in 

aqu eous phase was determ ined and then the pe rcentage 

of elution was obtained． 

2．1 Effect of pH on the Distribution Coefficient 

and Separating Coeffi cient 

nle test was carried out according  to the above— 

mentioned method． nle effect of pH on the adsorption 

behavior of IDAAR for Y¨ was shown in Fig．1． nle 

results indicate that t}le distribution coemcient in— 

creases wit}l the increase ofpH but when pH is above 

5．7． it keeps nearly steady． So all the followi ng ex— 

periments were perform ed at pH 5．7． W it}l the sanle 

method，the experiments on the adsorption f0r La 0田D， 

Sm 0田D and Ho 0田D were conducted individually．When 

【RE 】0 is 4．0mg／30．0mL，pH is 5．7，the separat— 

ing coefficients of ·／r·， ·／r· an d ·／r· are 

3．04， 3．82 an d 5．02，respectively． rhe results indi— 

care that La ． Sm ·Ho an d y3 can be separated 

to a certain degree 

pH 

Fig．1 Effect of pH on distribution coefficient 

resin 20．Omg【y3 】o：4．0rag／30．0mL =298K 

— — —— —■ ● — — — ● _-—— — — — — — — —— — — — — —— —  — — — — — — —— — — — — — 一  
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2·2 Isotherm Adsorption Curve 

20．0mg，25．0mg,30．0mg，35．0mg,40．0mg of 

the resin were weighed and put into conical flasks in— 

dividually． The other experimental conditions were 

shown in Fig．2．W hen the adsorption equilibrium at- 

rived，the equilibrium concentration (mg·mL ) 

was determined an d its corresponding adsorption ca— 

pacity q(mg·g resin)was calculated．As we all 

know,the empirical Freundlich adsorp tion equation has 

the general form ： 

Q=aC． i．e． 1g Q=1／bog )+Iga 

where b an d 口 are the isotherm  parameters to be 

determined． Th e regression equation at 298K is 

lgQ=0．2531g +2．32 with a correlation coefficient 

0．9971，which indicates that adsorption on the IDAAR 

fits Freundlich s model reasonably (Fig．2)．So，b is 

equal to 3．9 an d 口 is 207．Th e fact that b value is 

between 2 an d 10 mean s that the adsorp tion of IDAAR 

fl0r Y锄 is a favorable adsorption process[ ． 

Fig．2 Freundlich isotherm curve 

【y3 】0=5．0mg／30．0mL T=298K pH=5．7 

2．3 Determination of Adsorption Rate Constant 

According to the expe rimental condition shown  as 

Fig．3 an d the above—mentioned method， 0．30mL of 

uppe r layer clear solution was taken out at intervals for 

the determ ination of residual concentration， after the 

remains kept constan t an d volume was corrected， a 

series of data was obtained ． r}len the adsorption 

am ount is a half of that at equilibrium， the required 

time is tl／2=1 lh．Accord ing to Brykina method【 们． 

一 hl(1一F)=kt， 

where F=Q‘／Q-， Q‘and Q-are the adsorption 

。

∞  

∞  

g 
一  

＼  

Fig．3 Adsorption capacity Q in different adsorption time 

resin 20．0mg【 】o=4．0mg／40．0mL pH=5．7 T=298K 

Fig．4 Determination of adsorption rate constant 

resin 20．0mg【 】0=4．0mg／40．0mL pH=5．7 T=298K 

am oun ts at certain time an d at equilibrium  time， re— 

spe ctively． I e expe rimental results are accorded tll 

the equation an d a straight line is obtained by plotting 

— ln(1一F)against ．Th erefore，the adsorption rate 

constan t which is k298=3．36×10一 s一 can be foun d 

out from the slope  of the straight line． 

2．4 E仃酏 t ofAdsorption Temperature on 

Distribution Coefficient and Determination 

of Thermodynamic Parameter 

Under the expe rimental condition shown in Fig．5， 

the distribution coefficient D of the resin for Y¨ ，over 

the ran ge of tempe rature 291—317K，was measured． 

A straight line was obtained by plotting lgD against 

1／ th a correlation coefficient 0．9976．Th e result 

obviously indicates that it is favorable for the adsorption 

if the tempe rature rises， ie， under the expe rimental 

ran ge of temperature，the adsorption ab ility of the resin 

increases with the rise in temperature． It implies that 

the adsorption process is an endotherm ic process． 
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l／7’× lO 

n辱 5 Effect of temperature on distribution coefficient 

resin 20．0mg【y3 】0=3．0mg／30．0mL pH=5．7 

Therefore． the adsorption reaction is a chemical ad． 

sorptlon．According to 

lgD = 一△日／2．30R +constant 

△日 can be found out from the slope of the line and the 

result is 18．6kJ·mol。1． 

2．5 Determination ofthe Com plex M olar Ratio 

2．5．1 Saturated Method 

The nitrogen content of IDAAR was determined by 

using EA 11 10 Elemental Analyzer ．The result was 

shown in lble 1． 

Table 1 Complex Molar Ratio of IDAAR Functional 

Group to Y哪  

Under the experimental condition of T=298K， 

[Y ]0=5．0mg／30．0mL，the experiment was per- 

form ed by using the above．mentioned method． Th e 

adsorption capacity of the resin for Y is 102mg g一 

resin．Th e amount of the functional group an d the ca． 

pacity of the resin for Y are calculated an d listed in 

1 able 1． which indicates that the molar ratio of the 

functional group to Y劬 is approximately 3：1． 

2．5．2 Th e Effect ofNa on Adsorp tion Capacity 

ofIDAAR 

Na can also be  adsorbed by IDAAR resin． But 

according to 2．6，we can know that it just exchanges 

tll H 0f．COOH instead of coordinating with them．In 

order to find out the adsorp tion ability of resin for Y¨ ， 

we also conducted an  investigation into the experiment 

when Na was added into the solution an d the other 

conditions were the sanle as 2．5．1．The result indi． 

cates that the capacity of the resin f0r Y劬 changes 

little with the increase of Na in the solution． So， it 

might be concluded that IDAAR resin has a certain 

selectivity an d that the coordination with it is strong  in 

Na solution． 

2．5．3 Equimolar Methodt 1 

Seven parts of different am ount of resin were ac． 

curately weighed， an d added into the conical flasks， 

respectively， an d then mixed with different am ount of 

Y 0叩D．Th e total mole of IDAAR and Y 0叩D was kept a 

constan t 145．0}~mol，whatever the molar ratio may be． 

That was carried out with the sanle method mentioned 

before．，I'lle adsorptionam ount vs[R]／([Y ]+[R]) 

yields a curve as shown  in Fig．6． The expected ad— 

sorption am ount is the maximum as the molar fraction of 

resin is 0．72 shown  on the ab scissa．It means that the 

complex molar ratio of the functional group to Y劬 is 

about 3：1． which is consistent with the result of the 

saturated method． 

3O 

g 
i  
、  

≈ 2O 

10 

【R】／(【Y 】+[R]) 

Fig．6 Equimolar series method 

T=298K pH =5．7 

2．6 Analysis of Infrared Spectra【‘ 

From the above result， it can be concluded that 

the 

che 

adsorption of Y劬 by IDAAR(AH>0)belongs to 

mical adsorption． Th erefore， in the functional 

groups of IDAAR．一COOH and Y 0叩D are supposed to 

form  chemical bonds． In order to confirm  this。 we 

carried out IR(KBr)spectra experiment by using a 

Perkin—Elmer 683 FT·IR spe ctrophotometer in the 

400～4000cm 。 region an d compared the spectra ofthe 

resin before and after Y 0叩D is adsorbed．It is easy to 

discover that the characteristic adsorption pe aks of the 

bond C=O (1728cm )has disappeared，but the new 
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Table 2 Effect ofNa’on Adsorption Capacity ofIDAAR 

peaks 1607cm 一 and 1407cm～ have formed． The 

newly-form ed peaks can be assigned to the (coo一)and 

the 。(co0一)vibration of the C00一an d the △ is 200 

cm 一1
．
W-e also investigated the spectra of the Na-type 

resin an d found that the -(coo一)appeared at 163lcm一 

an d 。(coo一)at 1394cm 一 an d the △l，was 237cm_。． 

Th ose data further support these the two facts： the 

form ation of the coordination bonds of oxygen atoms an d 

Y锄：the consistence with a bidentate modeẗ1． 

2．7 Elution and Recovery of Resin 

晒 en HC1 was used as an eluan t HC1 aqueous 

solution with different concentration were studied in 

this experiment． Expe rimental results listed in Tllble 3 

show that the percentages of elution are almost up to 

loo％ when the concentration of HCl varies from 

1．0tool·L～ to 4．0tool·L一1．So Y锄 adsorbed on 

the resin can be recovered quan titatively． 

Table 3 Elufion Test 0f Y∞  

In order to examine the practical value of HC1 as 

an eluant． the elution rate of 1．0mol·L HC1 was 

determ ined by using the same method mentioned be— 

fore．Th e results show that ttl／2 is equ al to 8min an d 

t is 40min． Here t 1／2 an d t are the time required 

to reach 50％ an d 100％ of elution． Th erefore． the 

elution of Y 劬 is practical from the point of kinetic 

view． 

2．8 Regeneration and Reuse ofⅡ)AAR 

After Y锄 was adsorbed and eluted by 1．0tool· 

LI1 HC1． the resin was washed several times by re． 

distilled water Th ree times of regeneration test were 

carried out．Th e results listed in Table 4 show that the 

adsorption capacity is almost unchangeab le an d that I— 

DAAR has a good ab ility to regenerate． So the resin 

can be  used repeatedly 

Table 4 Results ofReuse ofIDAAR 

Th e IR spectrum of the regenerated resin is exactly 

the same as that of IDAAR an d N content of the re— 

generated IDAAR equals to that of the original IDAAR 

too． Th e results show that the quality of regenerated 

IDAAR is good． 
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