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Fluid Faujasite Particulates 

Nucleation, Crystallization and Pseudomorphism 
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This paper reports ~11~ crystallizat,iou phenomena observed in a new technique of direct 

synthesis of particulstcs in t,he fluid cracking catalyst size range of faujasibe-type xeolite 
molecular sieve. The procedure, using sized sodium aluminate pstticles reacting with salt- 

containing sodium siliontc solutions, produces zeolite particulates pseudomorphic after inter- 

mediate gel partic4es. Promoting rapid, uniform growth of a~nnll (0.2 pm) intergrown act ahedra 
cryat,& from numerous nuclei results in psendomorphi~ pnrt.icrdates whicsh are attrition- 

resistant,. 

This paper reports o11 t,h(> twults of 
a study t,o form strong molecular zicvc 
zeolitc crystal aggrcgst,cs in t,hc fluid size 
range by direct synthesis tcchniquw. hl- 
though the technique also npplics to othw 
zcolitcs, the rcsult,s on synthetic faujasik 
arc rctportcd first, bcrsusc of it,s large vol- 
utnc USC in fluidizod processes. Fluidiztld 
particles usually are prcparcd from scpnratcb 
syntheses of silica-alumina gel and of zw- 
litc, and spray drying tho zcwlitc-containing 
(10-25r~G) gc>l slurry t,o tho dcsircd size> 
range. The part8iculatw dcscribcd in this 
paper arc of int8crcst8 for USC’ in clicwical 
proccssw in which strong fluid particulat~w 
\vit,h a high zclolit,c content to 100Cg arc 
prcfcrrcd. 

Although t#hc synthetic faujasitc-type 
zcolites arc the most itnportant tnolrcular 
siovc zcolit’cs curwntly used, rclatiwly 
little quantitative data on the mechanism 
and kinetics of nucleation, crystallization 
and resulting morphology have been rc- 
ported as can be seen in the comprchcnsivc 
review by Brcck (I). The growth of indi- 

vidual crystals, not, the grcnvt,h of crystal 
aggrclgatc3 Ivithin particles, \verc of ititetwt 
in t,hc scicnMic studies rcportc‘d in t,hc 
litclratuw. Patclnt litclraturr describing the 
ptqaration of i’bittd~rl~~ss” or i’s~~lf-bottd~~d” 
zrolitc crystal aggrchgatw by i)t sifu wac- 
tiott is rwkwd by Brwk (1). 

The fundamc~ntal objtckivc of this st,udy 
\~as to d(~twminct the mechanisms involved 
in t,hc> gro\vth of zclolitcl crystal aggwgatw 
in particulatcs fortwd during psrudomor- 
phic conwrsion. This term is used in the 
broad svnso to dcscribcl the prowss of 
2’)) sifu rcplaccwicwt~ of otw spwic’s by an- 
othcir \vhilc rc+nining tltc size, and shape of 
the original. 

RlICTHOl)S 

,\ftw a wriw of c>xploratory runs, using 
conditions for crystallization of faujasite- 
type zcolitr X tqorted in the literature 
(Q, a batch composition S.%Na&Al&- 
11.4Si0-147.74H20 \vit,h numerous salt, 
additions p(xr mole of Al&33 was solcctcd 
for the study. Salts wrc addr>d to t,he sya- 
t,tm from :L working hypot,hwis that in- 
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NaGl Addition (Moles ) 

FIQ. 1. Effect of NaCl addition on extent of crys- 
tallization after 6 hr at 100°C. (A) Faujasite-type, 
stirred system; (0) faujasite-type and (0) zeolite 
B, unstirred system. 
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Na Br Addition ( Moles ) 

FIQ. 2. Effect of NaBr addition on extent of crys- 
tallization after 6 hr at 1OOW. (A) Faujasite-type, 
(0) zeolite HS (hydroxysodalite). 

creased viscosity and physical separation 
of the precursor particles would promot’e 
pscudomorphic conversion. Reactants used 
were sodium aluminate particles of ap- 
propriate size distribution range (Nalco, 
1.1Na20-Al&-3H10), sodium silicate so- 
lution (“N”, Philadelphia Quartz, 0.3Naz0- 
SiOd-7.3Hz0), sodium hydroxide (Mallin- 
ckrodt, analytical rcagcnt) and distilled 
water. Additions to this base starting 
mixture wcrc sodium chloride (Mallinck- 
rodt, USP) and sodium bromide (Mallin- 
ckrodt, USP, analytical reagent). Gel ag- 
gregates in the size range of fluidizcd 
cracking cat,alyst formed from appropriate 
combinations of these reagents. The batch 
formulations were autoclavcd in 15 ml 
capacity 314 low carbon stainless steel 
reactor vessels with Teflon seals. The 
scaled autoclaves wcrc placed in ovens at 
temperatures in the range 80 to 150°C 
after an induction period of 16 hr at 25°C. 
On completion of a run, the autoclave was 
qucnchcd, the contents wcrc extra&cd and 
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FIQ. 3. Crystallization curves at (0) 8O”C, (A) 
lOO”C, (0) 120°C and (0) 13O’C with 6NaCl for 
addition. 
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FIG. 4. (Top) gel particles pseudomorphic after sodium aluminate particles. 8NaCI addition. 
(Bottol n) faujasite-type particulates pseudomorphic after the gel particles seen in (top). 
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FIG. 5. (’ 3) skeletal faujasite-type crystals formed in the 8NaCl addition system at> the 67% 
crystallizat,ion stage. (Bottom) individual cryst,als (0.2 pm) of faujasite-1,ype part&dates shown 
in Fig. 4 (bottom). 
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Fro. 6. Twinrled octahedra crystals (1.7-2.0 pm) of fnuja.Gte-t,ype in particulntes formed in the 
GNaBr addition system. 

mulled gently boforc filt#cring with water 
wash on a Buchncr funnel to pH S. 

Crystallization curves wcrc obtained by 
the method of peak summation from X-ray 
powder diffraction patsterns using &andnrd 80 

rcfcrence samples. The curves wcrc ob- 
tained at three temperatures (SO, 100, % 
120°C). Rates of conversion wrc obtained 60 

by taking slopes at 50% conversion and : 
used for the Arrhcnius plot. Scanning clrc- .$ 
tron micrographs n-erc obtained using a 
Jclco Model U3 on samples made conduc- 

2 4. 
; 

tive with a Au-I’d cvaporatcd film. Size 
distribution curves \vcrc obtained on a 
Sharplcs micromcrograph. The attrition rc- 
sistance test consisted of running 50 mg of 
the particulatcs for 6 min in a Spcx In- 
dustries Wig-L-Bug. ComparaGve sorption 
rate curves wcrc obtained on a Keisling 

I 2 5 IO 20 50 

adsorption balance (3). 
Diameter In pm 

- -- . ..^ _. 
FIG. 7. l’artde size analysts ot cracking catalyst 

RESULTS and faujasite-type particulates before and after 

Faujasite-type crystal aggregates also 
attrition test. (A) Cracking cat.alyst before, (A) 
cracking catalyst after, (0) zeolite X particulates 

were obtained in systems with no salt addi- before, (0) zeolite X particulates after. 
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LO. 8. (Top) fluidized cracking catalyst after attrition test; (bottom) faujasite-t 

after attrition test. 

brticu- 
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tions and with other salts, but only typical 
data obtained from one batch composition 
with either NaCl or NaBr addition are in- 
cluded in this paper. 

The correlation bctwecn NaCl addition 
and resulting crystallization curws is shonn 
in Fig. 1; a similar corrclat,ion with NaBr 
additions is shown in Fig. 2. The addition 
of the salts affected both pcrcentagc crgs- 
tallization and crystal size in the aggregates. 
Salt additions up to 34 moles and auto- 
claving times up to 250 hr still produced 
faujasite as a mctastable phase. Figure 3 
shows the kinetics of cryst,allizat’ion as a 
function of tcmpcrature in one subsystem 
(GNaBr addition). An Arrhcnius plot taken 
from these data gave an apparent activa- 
tion energy for crystallization of 17.2 kcal 
gmoW (4). 

Figure 4 (top) is a scanning clcctron 
photomicrograph showing the pseudomor- 
pQc replacement of the sodium aluminate 
particle by gel; Fig. 4 (bott,om) shows t,hf> 
final faujasite-type crystal aggrrgatc par- 
ticulatc pseudomorphic after the gel par- 
ticle. The skclrtal oct,ahedra shown in Fig. 
5 (top) were obtained in the 9NaCl system 
after 6 hr and illust,ratcs an int8crmrdiat80 
stage of dcvclopmcnt8 of t,hr int8crgrown 
crystal aggregates during rapid crystal 
growth. Figure -5 (bottom) is typical of the 
surface of the crystal aggrcgat,w showing 
individual crystals 0.2 pm in size. JV(~‘cll- 
formed octahedra result in some syst,cms 
which is illustrated in Fig. G-a scanning 
electron photomicrograph taken of the sur- 
face of a particulate formed in the GNaBr 
addition system after 10 hr at 100°C. The 
individual crystals measure 1.7-2.0 pm. 

In Fig. 7 are given the size distribution 
curves before and after the attrition test 
for faujasite-type particulatcs prepawd in 
the lONaC1 system at 100°C for 17 hr as 
compared with a zeolite-containing fluid- 
izcd cracking catalyst. Figure 8 shows 
SEM’s of the cracking catalyst (top) and 
zcolite particulatcs (bott’om) after being 
subjwtcd to the attrition test,. 
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FIG. 9. Horptzion curves for SO2 at 25°C and 70 mm 
Hg. (0) 13X powder, (A) faujasite-containing 
cracking catalyst, ( q ) faujasit,e-containing cracking 
catalyst normalized, (A) faujasite-t.ype particulates 
(containing 85,7c zeolite) of t,his study. 

In Fig. 9 arc given comparative sorption 
rate curves for particulatrs containing 8.57, 
faujasiwtypc crystals obtained in this 
st,udy, for thr zcolite-containing fluidized 
cracking catalyst, and for 13 X polycrystal- 
line powder. 

Additional results in other syst,cms and 
subsystems arc given by Dhanak (4). 

I )ISCIJSSION 

Particulation of synthetic molecular sieve 
zclolit’cls may bc rcgardcd as one of the more 
difficult areas of zrolitc technology, and 
rolatively little data are published in the 
scientific literature. The particulates gen- 
erally arc formed with the addition of a gel 
or clay binder using the forming techniques 
of prilling, spray drying (5), pelletizing, 
rolling and extrusion. Most closely related 
to the work reported in this paper is the 
fabrication of ‘%clf-bonded” or “bindwless” 
particulatcs by preforming reactants, rcpre- 
sc&ng a partial batch composition, calci- 
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Particles In Viscous Solution 

SNaGI Addition 

FIG. 10. Proposed model of sequence of pseudomorphic transit,ions in an unstirred system. 

nation to provide dry green strength, and 
reaction in water, vapor, or a solution to 
crystallize the zcolite while retaining the 
shape of the particulat,c. In the preparation 
technique of this study the parent gel par- 
ticulates are formed direct’ly from the com- 
plctc batch composition by selection of 
reactant particles which react with solution 
to finally form zeolitc crystal aggregate 
particulates pseudomorphic after intcr- 
mediate gel particles. The sequence is dia- 
grammed in Fig. 10. Contrasted to the 
slaking problem inhrrent in the other tcch- 
niques, these final particulates are stable 
in appropriate aqueous solutions for ion 
exchange, either for preparing catalysts or 
adsorbcnts, or for use as an ion exchanger. 
Another principal advantage of this method 
is the ability to obtain better than 90% 
zcolite in fluid particulates. The particu- 
latcs are attrition-resistant as there was no 
significant change in particle size distribu- 
tion noted from the attrition test as com- 
pared to a commercial cracking catalyst. 

This unique phcnomcnon of formation of 
pseudomorphic zeolite aggregate particu- 
lates after intermediate gel particles is ex- 
plained as follows. The method produces 
gel particles which contain all the nutrients 
necessary for nucleation and crystallization 
and can be regarded as individual synthesis 
systems within the reactor vessc4. Support- 
ing this hypothesis is the similar nucleation 
and crystallization rates when increased 
salt additions disperse the gel particles. No 
changes, such as diffusion limitations, 
slower nucleation rates, or crystallization 
as a function of time, which one would 
expect in a mass transfer limited system, 

wI’crc obscrvcd. Thrrc arc four stages in the 
reaction system: first, the precursor alumi- 
natc particles rract to form pscudomor- 
phic gel particles which then act as individ- 
ual reaction subsystems; second, the initial 
nuclei of faujasitc arc formed at ambient 
temperature; third, aft,er a higher tempera- 
ture-time period which is independent of 
salt content, the numerous nuclei grow 
rapidly at, the same rate, resulting in intcr- 
grown crystals of t,hc same size ; in the 
final stage a slower but uniform growth 
rate of all crystals occurs as the nutrient is 
deplet’cd. The usual phenomenon of larger 
crystals growing at the expense of the 
smaller crystals wit#h higher surface energy 
does not occur. Thus, t#he uniform growth 
without dissolut,ion results in an intcrgrown 
crystal aggregate particulate which retains 
the morphology of t,he precursor particles. 
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