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A standard method was developed for investigation of the adsorbed water in ion- 
exchange resins. The previously-dried anion-exchange resins in C1, SO4 and HSO~ form 
were investigated by simultaneous TG, DTG and DTA measurements (derivatograph), 
and the evolved gases were passed through the continuous and selective water detector 
system developed earlier. 

It was found that in the case of SO4 and HSO4-form resins two types of water binding 
(loosely and strongly-bound water) could be distinguished. The second step, the strongly- 
bound water step, could not be observed in the DTG curves, because the release of the 
bound water and the decomposition of the fixed ionic group take place simultaneously. 
As the two types of water peaks strongly overlap, their quantitative evaluation was 
carried out by graphical analysis. 

The  water  content  o f  an a i r -dr ied resin depends  on the na ture  o f  the  counter  
an ion  and the chemical  b o n d  between the fixed ionic g roup  and  the mobi le  ion. 

In the  l i tera ture  a few papers  can be found  deal ing with de te rmina t ion  o f  the  
water  contents  o f  a i r -dr ied  or  swollen ion-exchangers .  The methods  publ ished in- 
volve dry ing  [2, 3], Ka r l  F ischer  t i t ra t ion  [4, 6], and  recent ly  N M R  spec t roscopy 
[7]. However ,  these methods  are o f  no  use for the  de te rmina t ion  o f  differently 
b o u n d  water  in the  resin phase,  and the results ob ta ined  are difficult to compare  i f  
a i r -dr ied  resins are invest igated,  on account  o f  the uncer ta in ty  regard ing  the init ial  
condi t ion .  Special p rob lems  arise if  not  cat ion,  bu t  anion-exchangers  are invest igat-  
ed [6]. 

In the present  work  a convent iona l - type  polys tyrene  - d iv inylbenzene copoly-  
mer-based  an ion-exchange  resin was invest igated,  using the rmoana ly t i ca l  methods .  
Since the  water  content  o f  an ion-exchange resin depends  s t rongly  on the condi t ion  
o f  the  sur rounding  a tmosphere ,  a s t andard iza t ion  process  was appl ied  before  the  
measurements .  F r o m  ambien t  t empera tu re  up  to  250 ~ the  l ibera t ion  o f  differently 
b o u n d  water  and  the par t ia l  decompos i t ion  o f  the  resin mat r ix  t ake  place s imul-  
taneously .  The  decompos i t ion  stages over lap  to  such an extent  tha t  quant i ta t ive  
evaluat ion o f  the  two types  o f  adso rbed  water  could  only be carr ied  out  by  using 
the  cont inuous  and selective water  de tec tor  [1 ]. The  quant i ta t ive  results  o f  the in- 
vest igat ions are given. 
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Experimental 
Ion-exchange resin 

Dowex AG 1 x 8 (Dow Chemical, USA) (100-200 mesh) quaternary ammo- 
nium type anion-exchange resin was used. 

The required form of the resin was prepared in a column, using the correspond- 
ing 1 M salt solution. When saturation was completed, the salt-form resin was 
washed out with water. In order to avoid hydrolysis, the resin in HSO4-form was 
washed with gradually diluted KHSO4 solution (down to 10 -~ M). 

After formation, the resin samples were powdered in an agate mortar before the 
experiments. The finely-powdered samples were dried at room temperature. 
The water content of the air-dried powdered resin at room temperature depends 
on the humidity of the surrounding air. 

To achieve standard conditions, the resin was layered onto the multi-plate sample 
holder of the derivatograph, and surrounded by a bell-shaped quartz cover. 
Dry nitrogen carrier gas was passed through the cover at a flow rate of 10 1/h for 
two hours. In this way, the sample was dried to constant weight by the dry carrier 
gas stream. It was found that the remaining water content was very reproducible 
and characteristic of the resin in question. This drying process was used before the 
measurements in all experiments. 

Instrument 

Measurements were carried out by a derivatograph (Hungarian Optical Works, 
Budapest) directly combined with the continuous and selective water detector. 
The equilibrated sample was heated at a rate of 5~ The gases evolved from 
the sample were collected quantitatively and passed through the detector cell by 
the nitrogen carrier gas, at a flow rate of 10 l/h. 

The trace of the detector and the TG, DTG, DTA and T curves were recorded 
simultaneously. 

The thermogastitrimetric unit of the derivatograph was also used to identify the 
amine components in the decomposition products. 

Procedure used 

A known amount of sample was dried to constant weight with the dry carrier gas 
stream in the furnace chamber of the derivatograph. When the drying process was 
completed, the sample was reweighed. Then the sample was heated and the thermo- 
analytical curves, including the trace of the water detector, were recorded. 

Thermogastitrimetric measurements were carried out under the same experimen- 
tal conditions. The decomposition products were collected quantitatively and con- 
ducted into an absorber vessel by the carrier gas stream. The changes of the amine 
concentration in the solution were followed by automatic acid-base titration, using 
potentiometric end-point indication. 
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Determination of  the total capacity of  the resin 

The total capacity of  the resin was determined in Cl-form. The dried equilibrium 
weight of  the sample was determined above. Then the sample was suspended in 
250 ml 1 M KNO3 solution and stirred vigorously with a magnetic stirrer. The 
amount of  chloride ion released into the solution was measured by direct potentio- 
metric titration with 0.05 M AgNO a titrant. 

The water content of  the dried resin sample was determined as discussed below. 
It was found that the total capacity of  the resin in Cl-form was 3.775 mequiv./g 
water-free resin. 

The capacities in SO~ and HSOcforms were calculated using the following equa- 
tions: 

R + Qcl 'Mcl  = 1000 (1) 

where 

W = Q c j ' M x  + R (2) 

R is the amount of  resin matrix, including the fixed ionic group, in 1000 mg 
Cl-form, water-free resin, 

Qc~ is the capacity of the Cl-form resin in mequiv./g water-free resin, 
Mc~ is the atomic weight o f lhe  chloride ion, 
Mx is the molecular weight of the counter anion X 
W is the amount of water-free resin in X-form, containing Qc~ mequiv, of  

anion X. 

From Eqs (1) and (2) it follows that 

Qcl 1000 
Qx = 1000 + Qc l (Mx -  Mcl ) (3) 

where 
Qx is the capacity of the X-form resin in mequiv./g water-free resin units. From 

Eq. (3) the capacities of the resin in the SO4 and the HSO4-form were found to be 
3.604 mequiv./g and 3.063 mequiv./g, respectively. 

Results and discussion 

Figure 1 shows the thermoanalytical curves of the Cl-form resin and the trace o f  
the detector. The recorded curves reveal only one type of  bound water. The amount 
of water was determined in two different ways: from the TG and D TG  curves, and 
from the trace of  the water detector after calibration. The crystal water liberated 
from a known amount of heated Ca(COO)2 " H20 was used for calibration. 
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Fig. I. Thermal decomposition curves of the Cl-form resin, including the signal of the water 
detector 

Table 1 

The calculated amount of water in the Cl-form resin 

From T G  and D T G  From water detector trace 

mol water tool. water 

equiv, resin 
average 

deviation 
from average, 

% equiv, resin 
average 

deviation 
from average, 

% 

1.388 
1.367 
1.445 

1.400 
- -  1 . 2 0  

--2.01 
-t-3.58 

1.484 
1.475 
1.433 

1.464 
-t-1.37 
.1.0.75 
-2.12 

A comparison of the results obtained by the two methods can be seen in Table 1. 
The thermoanalytical curves of  the SO4 and H S O c f o r m  resins and the traces of  

the water detector are shown in Figs 2 and 3. F rom comparisons of  the correspond- 
ing curves the following conclusions can be reached: 
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Fig. 2. Thermoanalytical curves of the SO,L-form resin and the trace of the water detector 

a) The curves are very similar to each other. Only a shght difference is observed : 
the shape of  the second peak at 180 ~ is somewhat sharper in the D T G  curve of  the 
SO4-form resin than that for the HSO4-form resin. 

b) The first peak, at 90 ~ is connected with the release of  loosely-bound water, 
and is indicated by the detector, but the second one at 180 ~ does not cause a detec- 
tor response. 

c) However, the signal curve produced by the detector does indicate strongly- 
bound water, with a peak at 150 ~ The presence of the second type of  water is also 
supported by the D T A  curves, with a slight endothermic effect at 150 ~ 

Above 150 ~ the partial decomposition of  the resin matrix takes place. The struc- 
ture of  the resin matrix can be characterized by a formula similar to that in Fig. 4. 

The evolved gases were absorbed in water by the thermogastitrimetric unit of  the 
derivatograph and tested with Nessler reagent, BaC12 reagent solution and pH 
measurements, too. 

During the decomposition process no ammonia  was identified in the carrier gas, 
and SO a appeared above 230 ~ only. It was found that the decomposition stage at 
180 ~ involves release of  the methylated amine group, closely overlapping release of  
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Fig. 3. Thermoanalytical curves of the HSO4-form resin and the trace of the water detector 

the strongly-bound water. According to thermogastitrimetric measurements (0.1 M 
HC1 was applied as titrant), the liberation o f  the amine started at 150 ~ Unfortu- 
nately, complete titration of  the amine evolved was not  possible, because at ca. 
230 ~ the release o f  SO 3 spoiled the measurements. 
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Fig. 5. A graphical separation of the two types of bound water in the case of SO4-form resin 

Q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  t he  t w o  types  o f  a d s o r b e d  wa te r  was  ca r r i ed  o u t  
b y  us ing  the  s ignal  curves  o f  the  wa te r  de t ec to r .  T h e  t w o  s t r o n g l y - o v e r l a p p i n g p e a k s  

were  s epa ra t ed  graphica l ly ,  as i nd ica t ed  in Fig .  5. In  b o t h  cases t h e  abscissa  was  

Table 2 

The amount of water in SO4-form resin 

mol. wate~ ~176176  water deviation [ 

equiv, resin average from a~erage 

1 . 7 5 1  

1.789 
1.730 1.753 
1.770 i 
1.727 !' 

--0.11 
+2.05 
--1.31 
+0.97 
- -  1 . 4 8  

Strongly-bound water 

mol. water deviation 
equiv, resin average fronl average, 

% 

0.342 - 4.20 
0.360 +0.84 
0.354 0.357 - 0 . 8 4  
0.370 ' +3.64 
0.361 +1.12 

I 

Table 3 

The amount of water in HSOa-form resin 

Loosely-bound water 

mol. water 
equiv, resin 

1.974 
2.210 
2.206 
2.013 
2.066 

deviation 
average from average, 

% 

--5.73 
+5.54 

2.094 + 5.35 
--3.87 
--1.34 

Strongly-bound water 

mol. water 
equiv, resin average 

0.443 
0.443 
0.427 0.451 
0.460 
0.482 

deviation 
f rom average, 

% 

- -  1 . 7 7  

-- 2.00 
--5.32 
-/-2.00 
-t-6.87 
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divided into equal steps, symmetrically around the peak maximum. The ordinate 
values of the rising part of the curves were subtracted from the corresponding 
values over the maximum. Thus, the peaks were separated, and the areas under the 
curves determined by calibration. From the mass of the sample and the capacity 

mol. water 
value, the water-free mass and the values for both types of water were 

epuiv, resin 
calculated. 

The results are listed in Tables 2 and 3. 

Conclusion 

With the use of a preliminary dynamic drying process, the determination of the 
"hydrate water contents" of the ion-exchange resins was possible. The results ob- 
tained are reproducible and applicable for comparison of resin samples in different 
forms (i.e. containing different counter ions). In the SO4 and HSO4-form resins, 
two types of water binding could be distinguished, and their amounts determined; 
in the Cl-form resin, however, only one type of binding was observed. This is in 
agreement with the results obtained earlier [8]. 

That the continuous selectiv ewater detector is an important tool in thermal anal- 
ysis was supported by the measurements. Both the qualitative and the quantitative 
information yielded by the detector is indispensable when water is one of the evolv- 
ed gases and a complicated organic material such as ion-exchange resin is heated. 
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Rt~SUMI~ -- On a mis au point une m6thode type pour  6tudier l 'eau adsorb6e sur les r6sines 
6changeuses d'ions. On a 6tudi6 par  TG, T G D  et ATD simultan6es les r6sines 6changeuses 
d 'anions sous la forme C1, SO4 et HSOd pr6alablement s6ch6es et on a fait passer les gaz d6ga- 
g6s dans le syst6me d6tecteur d 'eau continu et s61ectif mis au point pr6c6demment. 

Dans  le cas des r6sines sous la forme SOd et HSO4, on a trouv6 que deux types d'eau (faible- 
ment et fortement li6e) pouvai ent 6tre distingu6s. La deuxi~me 6tape, d6nomm6e 6tape de l 'eau 
fortement li6e, ne peut 6tre observ6e sur les courbes TGD,  car le d6gagement de l 'eau li6e et la 
d6composition du groupe ionique fix6 ont lieu simultan6ment. Comme les deux types de pics 
dus h l 'eau se recouvrent fortement, on a effectu6 leur 6valuation quantitative h l 'aide d 'une  
m6thode d'analyse graphique. Les donn6es trouv6es, exprim6es en moles d 'H20 sur r6sine 
6quivalente, sont les suivantes: pour la r6sine sous forme CI 1.464, pour les r6sines sous 
formes SOd et HSO4 les types d 'eaux faiblement et fortement Ii6es donnent  respectivement 
1.753, 0.357 et 2.094, 0.451. 
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ZUSAMMENFASSUNG - -  Eine  S t a n d a r d m e t h o d e  wurde  zur  U n t e r s u c h u n g  des absorb ie r t en  
Wasse r s  in I o n e n a u s t a u s c h e r h a r z e n  entwickelt .  Die  vo rhe rgehend  ge t rockne ten  A n i o n e n a u s -  
t au sche rha r ze  in CI, SO~ u n d  H S O ~ - F o r m  w u r d e n  du rch  die M e t h o d e  der s i m u l t a n e n T G ,  D T G  
u n d  D T A - M e s s u n g e n  u n t e r s u c h t  und  die entwickel ten  Gase  das  du rch  fr t iher entwickel te  
kon t inu ie r l i che  u n d  selektive W a s s e r d e t e k t o r s y s t e m  geleitet. 

Es  wurde  gefunden ,  dab  in d e m  Fal le  der Harze  der  SOa u n d  H S O a - F o r m  zwei T y p e n  v o n  
W a s s e r  (lose u n d  s ta rk  gebundenes  Wasse r )  un te r sch ieden  werden  k 6 n n e n .  Die  zweite Stufe,  
die s o g e n a n n t e  <~Stark-gebundenes-Wasser,>-Stufe k o n n t e  an  den  D T G - K u r v e n  nicht  beob-  
achte t  werden,  da  die F re i se tzung  des g e b u n d e n e n  Wasse r s  u n d  die Ze r se t zung  der  fixierten 
ion i schen  G r u p p e  s i mu l t an  erfolgt.  D a  die zwei T y p e n  der Wasse r -Peaks  s ta rk  i iber lappen,  
w u r d e  ihre quan t i t a t ive  A u s w e r t u n g  u n d e r  A n w e n d u n g  einer  g r aph i s chen  A n a l y s e n m e t h o d e  
durchgef t ihr t .  Die  a u f / i q u i v a l e n t e s  Ha rz  bezogenen  A n g a b e n  in H~O-Mol  wa ren  wie folgt :  
fa r  H a r z  in der  C1-Form, 1.464, ftir die Harze  in SO4 u n d  H S O ~ - F o r m  waren  die Wer te  von  lose 
und  s tark  g e b u n d e n e m  W asse r  1.753 und  0.357, bzw. 2.094 und  0.451. 

Pe3roMe - -  Pa3pa6oTaH CTaHJIapTHI, I~ MeTOJI HCCJIe~IOBaHH~ BO/lbI, a)J, cop61~pOBaHHO~ Ha HOHO- 
06MeHHblX CMOJTax. Ylpe,51BapHTenbI-IO BblCylileHHble aHl'IOHOO6MeHI-lble CMOnbI B El, 5 0  4 I,I 
H S O  a qbopMax rmcne~loBaaHcb o~lnoBpeMenHo MeTO~IaMrI TF,  ,~TF, ~ T A ,  a Bbl~leneHH~,ie ra3bI 
6~J~H nponymenbi  "aepe3 CHCTeMy nenpepblBnoro I~ ceneKTHBHOrO ~eTeKTnpoaaaHnn BO)lbI, 
paHee pa3pa60TanHyio aaTopaMH. HafI~Ieno, aTO B cny~ae CMOn B SO4 ~ H S O  4 - -qbopMax,  
MO)KHO pa321en~4Tb )IBa BI4~Ia BOs C B O ~ O j I H O  CB~13aHi.iyro H cHnbHO CB~3aHHytO. BTopa~ 
CTylIeHb, TaK Ha3blBaeMa~l CTylIeHb C!/InbHo CBI/3aHHO~ BO~IhI, He Mo)KeT npoflBJI~ITbClt Ha KpHBblX 
,~TI-, HOCXO.rlbKy O,~[HOBpeMeHHO npoTeKaeT Bbl,/leJ'leH!4e CBrI3aHHO~ BO~bl ]4 pa3J~o~eHHe qbHKc~I- 
pOBaHHOIYl HOHHOJ4 rpynnbi.  1-]OCKOJ'lbKy DTH ~Ba n!/IKOB BO~bl C!4JIbHO 17epel<pblBarOTC~, Hx I~ontl- 
qecTBeHHan OHeHKa 6bina ripoBe~leHa MeTo~/oM rpa~rfqecKoFo auann3a .  I'Io.rlyqeHHble JIaHHb~e, 
Bt, lpax<eHzab~e B MoJ~gx BO./~bI Ha 3rcBraBa.qeHT C M O J I b I ,  c n e ~ , y r o ~ e :  A.n~ CMOnbI B Cl-qbop~ae - -  
1,464, ann  CMOn B SO4 H aso4-qbopMax - -  CBO6OJ1HO Ie[ GHYlhHO Cn,q3aHHan 8o~,a, COOTBeTCTBeHHO~ 
- -  1.753; 0.357 H 2.094; 0.451. 
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