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IRON INFLUENCE IN THE ALUMINOSILICATE ZEOLITES SYNTHESIS 
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Abs t rac t - -The  level of Fe impurities in 2 well-crystallized kaolinites was modified (by addition or 
chemical removal treatment) to analyze the Fe influence in the aluminosilicate zeolite synthesis. 

The original and modified clays were heat-treated in order to change their reactivity for zeolite A 
synthesis, and their thermal transformations were studied by X-ray diffraction (XRD), determination of 
point of zero charge (PZC) and infrared (IR) techniques. It was established that many structural changes 
took place, regardless of the Fe clay content. Furthermore, the presence of Fe species in alkaline solution 
or in the solid phase did not seem to greatly influence the zeolite crystallization, because only small 
differences in the conversion values among samples with different Fe contents were registered. The 
crystallization process seemed to be related mainly to A1 coordination changes produced by the thermal 
and Fe removal treatments used. 
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I N T R O D U C T I O N  

The  benef i ts  of  us ing  kaol in  as an a luminos i l ica te  
source  in zeol i te  synthes is  to ob ta in  lower-cost  cata- 
lysts,  adsorben ts  or  ion exchange r  are widely  k n o w n  
(Breck  1964, 1974; Howel l  and  Aca ra  1964; H a d e n  
and  Dz ie r zanowsk i  1968, 1972; Basa lde l la  et  al. 1993, 
1995; Basa lde l l a  and  Tara 1995). Unfor tuna te ly ,  it is 
diff icult  to find natura l  kaol ins  free o f  impuri t ies ,  Fe 
be ing  one  o f  the mos t  usual .  

Zeol i te  A (NaA)  is largely ut i l ized as an  adsorbent .  
In the last  10 y, its p roduc t ion  has  increased  5-fold,  
ma in ly  due  to its use  as a po lyphospha te  subst i tute  in 
de te rgent  manufac tu r ing  ( Imber t  et  al. 1994). For  this  
reason,  the concen t ra t ion  o f  impur i t ies  in raw kaol ins  
used  to syn thes ize  zeol i te  N a A  was  l imi ted  in order  to 
fulfill  the  es tab l i shed  specif icat ions  in de te rgent  for- 
mu la t ion  ( such  as crystal l ini ty ,  par t ic le  size dis t r ibu-  
t ion,  exchange  capaci ty  and  whi t eness  (Llenado  1983). 
Recen t  works  (Mura t  et al. 1992) sugges ted  that  the 
k ine t ics  of  zeol i te  c rys ta l l iza t ion  f rom kaol in i te  were  
affected by  Fe  impur i t ies  present  in the  clay. Never-  
theless,  o ther  au thors  (Hami l ton  et  al. 1993), u s ing  so- 
d ium a lumina te  and  sod ium sil icate as raw mater ia ls ,  
found  that  the  Fe inf luence  in zeol i te  synthes is  was  the 
same  as that  p roduced  by  other  solid impuri t ies ,  such 
as M g  or  Ca, i ndependen t  of  its nature.  O n  this  basis ,  
we th ink  that  it is wor thwh i l e  to s tudy w he t he r  the Fe  
conten ts  o f  raw kaol ins  wou ld  inf luence the  zeol i te  
synthes is  or  the t he rma l  ac t iva t ion  processes .  

Addi t ional ly ,  s tudies pe r fo rmed  by M a d a n i  et  al. 
(1990)  indica ted  that  the  A1 coord ina t ion  n u m b e r  in 
the raw mater ia l  p layed  an impor t an t  role  in zeol i te  
conve r s ion  f rom kaolins.  This  A1 coord ina t ion  was  af- 
fected by  the rmal  t rea tment .  IR  spec t roscopy will  al- 
low us to de t e rmine  whe the r  the  A1 coord ina t ion  
changes  wi th  t empera tu re  are a f fec ted  by  the Fe con-  
tent  in kaolin.  

The  a im of  the  present  work  is to s tudy the pro-  
cesses  o f  kaol in  ac t iva t ion  and  zeol i te  c rys ta l l iza t ion  
used to obta in  N a A  zeol i te  as the ma in  product ,  and  
to de t e rmine  the effect  of  Fe clay impur i t ies  in  such 
processes .  

M A T E R I A L S  A N D  M E T H O D S  

Two kaol in i te  samples  ( " F "  f rom Fisher  C o m p a n y  
and  " C "  f rom Chubut ,  Argen t ina )  wi th  d i f fe rent  Fe  
con ten t  and  close crys ta l l in i ty  degrees  were  chosen  as 
raw mater ia ls .  Table 1 shows  the minera log ica l  and  
chemica l  analyses  and  Hinck ley  Index  (1963).  

To modify  the Fe content ,  2% of  Fe203 was added 
to the F (Fve) sample  and the C sample  was chemica l ly  
treated by  the di thioni te-ci t ra te-bicarbonate  me thod  
(Tortes 1983) to r emove  Fe  (C~m). The  Cram sample  was  
water -washed and air-dried. Then  4 series of  thermal ly  
act ivated samples  were  obta ined by  calc ining F, FFe, C 
and  C~m for 2 h in air at 500, 750, 900  and 980  ~ 
(Fsoo, Fwsoo, etc.). 

Table 1. Chemical analysis, SiO2 content and Hinckley Index for initial kaolins. 

Sample  S iO  2 A203 Fe203 TiO2 H20  S iO 2 X R D  Al2OflSiO 2 I n 

C 51.9 34.5 1.9 0.5 12.2 12.0 0.66 0.77 
F 42.5 40.8 0.5 2.1 13.9 n.d. 0.96 0.86 

Key: n.d. = nondetected. 
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Figure 1. XRDs of samples C and Cram. 
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Figure 2. XRDs of samples F treated thermally. 

Zeolite hydrothermal synthesis was carried out at 98 ~ 
in static condit ions on mixtures of  activated samples, 
water  and N a O H  in closed polypropylene containers. 
N a O H  concentrat ions were chosen to start the synthe- 
sis with a molar  ratio Na20/AI203 = 2.5, appropriate 
to produce N a A  zeoli te  as the main product. 

Solid samples were  obtained at different reaction 
t imes and the l iquid was separated f rom the solid by 
centrifugation. The  solids, washed until pH = 10 was 
attained in the wash water, were dried at 110 ~ and 
characterized by X R D  analysis using a Philips PW 
1732/10 diffractometer  and CuKtx radiation and Ni fil- 
ter. The working condit ions were 40 kV and 20 mA.  
Samples  were  analyzed by the powder  mount ing tech- 
nique. Zeol i te  types obtained were  identified by com- 
paring the diffractograms with the standard ones re- 
ported in the literature (Breck 1974). Zeoli te contents 
were determined according to the A S T M  D-3906/80 
method,  by considering as 100% the N a A  sample of  
highest  conversion.  

Solids used in the synthesis were  also characterized 
by IR and PZC determinations (Blok and De Bruyn 
1970). 

The  KBr  pellet  technique for fine powdered  samples 
was used for determining the IR transmission spectra. 
The experimental  technique was that of  pressed pel- 
lets, where about 1 mg  of  clay powder  was mixed  in 
with 2 5 0 - 3 0 0  mg  of  KBr  powder  and pressed at 
15,000 psig. Spectra in the region f rom 200 to 1300 
cm -1 were  obtained using a Bruker  IFS66 spectrome- 
ter. 

The  PZC values were obtained by potentiometric  
titrations, per formed on 2 g sample to which 90 mL 
of  10 ~ or 10 3 M KC1 was added as supporting elec- 
trolyte. For  each experiment ,  the samples were  titrated 
in N2 atmosphere with HCI or K O H  (0.1 M) with 15- 
min intervals  be tween each addition. The relat ive ad- 
sorption of  proton or  hydroxyl  ion by the solid sample, 
reported as IxC g-~, was plotted as a function of  the 
pH dispersion. The  c o m m o n  intersection point  in the 
potent iometr ic  curves  obtained at different electrolyte 
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Figure 3. IR spectra for F and Fve samples treated thermally 
(A and B, respectively). 
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Potentiometric titration curves of F and FFe samples treated thermally. Support electrolyte KCI: (A) 10 1 and (IS]) 

concentrations was considered as the PZC of each 
sample. 

The size and morphology of  zeolite particles were 
determined by scanning electron microscopy (SEM) 
by means of  a Philips SEM 505 equipment. The anal- 
yses were performed on gold sputtered powder sam- 
ples. 

RESULTS AND DISCUSSION 

Studies on Initial Samples Used for the 
Hydrothermal Synthesis 

XRD AND IR. X-ray diffractograms corresponding to 
samples of kaolinite treated chemically and heated at 
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Figure 5. Potentiometric titration curves of C and Cram sam- 
ples. Support electrolyte KCI: (A) 10 ~ and (E]) 10 3 M. 

different temperatures are shown in Figures 1 and 2, 
respectively. 

In the C sample (Figure 1), the chemical Fe remo- 
tion treatment produced a crystallinity degree decrease 
(indicated by the Hinckley Index obtained on (111), 
(110) and (020) peaks), as the result of some clay par- 
ticle damage produced by the chemical reaction of Na 
dithionite with structural A1. This occurrence was in 
agreement with data reported elsewhere (Torres 1983). 

With regard to the thermal treatment, temperature 
increase produced a gradual loss of  crystallinity in all 
series of samples (Figure 2, F series), evidenced by 
the modification of (111), (110) and (020) peaks up to 
750 ~ where the noncrystalline metakaolinite was 
obtained. At 980 ~ mullite peaks appeared (3.41, 
3.21 and 1.84 ~,), in agreement with Bulens and Del- 
mon (1977), with the simultaneous silica segregation. 

Figure 3 (A and B) shows the IR spectra for F and 
Fw series. 

IR spectra evolution with temperature for F and Fve 
series were identical despite the different Fe contents. 
In both series, thermal treatment produced a shift in 
the adsorption band from 537 cm-1 (Fso ~ and FFes0o) to 
800 cm -1 (F750, 17900, FFe750 and FFeg00) , which was in 
agreement with the octahedral-to-tetrahedral A1 coor- 
dination change (Madani et al. 1990) and was attrib- 
uted to kaolinite-metakaolinite transformation (Perci- 
val et al. 1974). This tetrahedral AI coordination was 
stable up to 980 ~ where the 800-cm ~ absorption 
band disappeared and a new band at 550 cm -t oc- 
curred, assigned to octahedral AI. The same evolution 
of IR spectra was observed for the C and C~r series. 

PZC MEASUREMENTS. The sensitivity of potentiometric 
titration curves and the PZC determined from them 
make it possible to follow the electric surface charge 
changes due to different initial Fe content and thermal 
behavior of  the kaolin, prior to zeolite synthesis. 

Figure 4 shows the potentiometric titration curves 
of  F and FFe series. 

Table 2. Hydrothermal synthesis results. 

A% (XRD) 
Zeolite reaction time reaction time 

Sample 3 h 10 h 3 h 10 h 

A 
size 

(~m) 
10h 

Fse( ~ A + H S  t r A  + H S  - -  - -  - -  
F750 A A 6 9  9 6  < 3 . 5  
Fgo0 A A 100  98  < 3 . 0  
F980 u X  + N a P  N a P  - -  - -  - -  
Fwsoo A + H S  t r A  + H S  - -  - -  - -  
FFe750 A A 7 0  83 < 3 . 0  
FFEg0 o A m 89  86  < 3 . 0  
Fvegs0 t rX  + N a P  N a P  - -  - -  - -  

3 h  
C750 A A + H S  100  - -  < 3 . 0  
CremVS0 A A + H S  4 9  - -  < 2 . 5  

Key: tr = traces. 

The increase of PZCpH from pH = 2.5 to pH = 3.3 
in samples treated up to 500 ~ corresponded to the 
dehydroxylation of the octahedral layer (Tschapek et 
al. 1974). A further increase of temperature to 750 ~ 
produced a PZCoH decrease to 2.6, which was not con- 
sistent with the appearance of  tetrahedral A1 observed 
by IR and that would be assigned to a ~/-A1203 for- 
mation. The presence of ~-A1203 would increase the 
PZC#,  although the formation of a very limited spe- 
cific surface of "y-A1203, confirmed by the specific sur- 
face reduction from F to F750 samples (from 40 to 12.5 
mVg, respectively) agreed with the pHvzc decrease 
found (Kuo and Yen 1988). For samples treated at 900 
and 980 ~ the PZCpH value was modified by the mul- 
lite appearance (as shown in XRD patterns) in agree- 
ment with Tschapek (1974) data. The PZCpH of SiO2 
was near 3; therefore, the PZCpH of the mixture (mul- 
lite + SIO2) would be lower than the PZCpH of pure 
mullite (PZCpH = 8.0) (Smolik 1966). 

The 0.1 pHpzc shift of the FFe sample with respect 
to the F sample, like the shifts of all FFr thermal treated 
samples, indicated the presence of iron oxide added 
(Pymann et al. 1979). 

Figure 5 shows the potentiometric titrations of C 
and Crem samples. 

The C~em sample showed a pHpzc shift of 0.2 towards 
high pH with respect to the C sample of the pHvzc 
decrease expected from the Fe removal (0.6% as 
Fe203, determined by chemical analyses) (Torres 
1983). Also, a higher surface charge density change 
was observed for C~em with respect to the C sample in 
the same pH range. These results could be explained 
by the A1 segregation from the kaolinite damaged 
structure (indicated by the crystallinity decrease). A 
further coating of the remnant kaolinite by an A1 oxy- 
hydroxide layer would produce an increase of the 
pHvzc in agreement with data obtained previously in 
ground kaolinite (Torres et al. 1988). 

HYDROTHERMAL SYNTHESIS. Hydrothermal synthesis re- 
suits are shown in Table 2. 

https://doi.org/10.1346/CCMN.1998.0460501 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1998.0460501


Vol. 46, No. 5, 1998 Iron influence in zeolite synthesis 485 

Table 3. Fe content in the supernatant solution during the 
crystallization step at different times. 

Fe (ppm) 

Sample 0 h 3 h 

FTs0 15.6 12.8 
Fg00 15.5 15.5 
FF~750 14.9 13.6 
FF~,~ 16.4 16.2 
CTs0 10.1 9.5 
Cr~mTs0 8.5 8.1 

Figure 6. SEM of the solid product obtained from sample 
F750. Reaction time 24 h. 

In all series of  samples ,  the  scann ing  e lect ron mi-  
c rographs  o f  the  solid produc ts  showed  cubic  crys ta ls  
of  3 I~m sided, on  average.  F igure  6 depicts  this  usual  
morpho logy  o f  A zeoli te  for  par t ic les  ob ta ined  f rom 
sample  FTs0. 

Table  2 shows  the rate increase  o f  zeoli te  A crys-  
ta l l iza t ion in F and  FF~ samples  wi th  t empera tu re  treat- 
ment ,  dec reas ing  abrupt ly  at 980  ~ Up  to 900  ~ the  
react iv i ty  was corre la ted  wi th  te t rahedra l  AI genera ted  
by  the  metakao l in i t e  appea rance  (as ind ica ted  by  X R D  
and IR spectra).  As  the total  kaol in i te  dehydroxy la t ion  
occur red  at a t empera tu re  h igher  than  840 ~ (Mura t  
et  al. 1992), the increase  ob ta ined  in the  crys ta l l iza t ion  
rate ( f rom 69 to 100% for F and  f rom 70 to 89% for  
FFe) was  corre la ted  wi th  the  tempera ture  increase  f rom 
750  to 900  ~ 

W h e n  tempera tu re  r eached  980  ~ a decrease  of  
te t rahedral  A1 was  p roduced  due  to pre-mul l i te  struc- 
ture fo rmat ion  (as indica ted  by  X R D  and P Z C  deter- 
minat ions) .  Th i s  fact  modi f ied  the  ef fec t ive  start ing Si/  
A1 ra t io  for  the  zeol i te  synthes is ,  p roduc ing  the  crys-  
ta l l iza t ion of  X (NaX),  w h i c h  is a Si-r ich s t ructure  
(Table 2, F980 and  Fr:e980 samples) .  Fur the rmore ,  for  lon- 
ger  reac t ion  t imes,  the  N a X  zeol i te  evo lved  to the 
more  s table  s t ructure  o f  NAP.. The  t rans format ion  of  
N a X  into N a P  was  comple ted  in 10 h. 

Fo r  the C series,  a decrease  o f  c lay react ivi ty  (Table 
2, C750 and  Crem750 samples )  was  o b s e r v e d  after  the 
chemica l  t rea tment .  It cou ld  be  exp la ined  by  an  octa-  
hedra l  A1 r emova l  that  took  place  s imul taneous ly  wi th  
the  Fe remot ion  (A1203/SIO2 = 9%, de t e rmined  by  
chemica l  analyses) .  

F r o m  Table 2 it could  be  infer red  that  the zeol i te  
type  ob ta ined  was t empera tu re -dependen t  and  the Fe  
con ten t  d id  not  p lay  a measu rab l e  role. 

As  the c rys ta l l iza t ion  rate  was  genera l ly  af fected by  
the  d i f ferent  ca t ions  present  in the  l iquid phase,  Fe 
con ten t s  were  measu red  in the superna tan t  solut ions  

dur ing  the crys ta l l iza t ion  step, f rom some  samples  
such as F, FF~ and  C (Table 3). 

Table  3 shows  tha t  the  a m o u n t  o f  Fe  in the  super- 
na tan t  solut ion sl ightly d i f fered a m o n g  samples  f rom 
the  same start ing clay. 

C O N C L U S I O N S  

L o w  Fe conten ts  p resen t  in the start ing clays did  
not  seem to inf luence  zeol i te  crys ta l l iza t ion ,  no twi th -  
s tanding  a s l ight  decrease  in the  conve r s ion  degree.  
PZC,  IR and  X R D  studies o f  init ial  and  the rmal ly  
t reated kaol in i tes  conf i rmed  the gradual  k a o l i n i t e - m e -  
takaol ini te  t rans format ion ,  ~/-A1203 and  Si20 wi th  sub- 
sequen t  mul l i te  format ion.  These  t r ans fo rma t ion  were  
not  af fected by  the p resence  o f  v a ry i n g  Fe  concent ra -  
t ions in  the  clay. 

T h e  sharp bo rde r  cubes  of  3 Ixm side character is t ic  
of  zeol i te  N a A  crysta l l i tes  o b s e r v e d  by  S E M  in all 
samples  demons t r a t ed  that  the  nuc lea t ion  rate  was  al- 
tered ne i the r  by  the Fe  p resence  n o r  by  the rmal  treat- 
ment .  However ,  the  p resence  o f  Fe p roduced  a s l ight  
decrease  o f  the c rys ta l l iza t ion  rate, as po in ted  out  by  
Bal l  et al. (1986).  
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