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ABSTRBCT , ~ LT

. The»sintering and redispersiﬁn 6f Pt/y‘Ale3 catalysts {:'

“were studied by wide angle x-ray d1ffraction (XRD) The . -
Vt

object1ves of the ‘study’ were to 1nvest1gate the suitab1l1ty

. of XRD for determin1ng Pt crystall1te sizes. andf31ze d1stri-
butlons, and to use the sxze 1nformat}gn'tc eluc1date the
processes occurrlng dur1ng sznterang and red1spersion. Cat-
alysts, conta1n1ng 1 and~ 5‘wt% Pt, were,examlned by XRD j

) after treatment at 450 to'800 C in, gas. mfxtqbes conta1n1Q€

| H,,.o,, 'N,, H,o He, HCl CCl., C,HC}F and Clz..Four1er;)

' analy91s was used to determlne Pt crystalllte sizé distribu-
tlons. Pt disper51ons trom XRD and H, adsorpt1on were in

v good agreement; hence, XRD is a reliable‘method'for'characf

ter1zat10n of supported Pt catalysts. ' 4 %

S1gn1f1cant changes 1n Pt crysta111te sizes occurred

dur1ng the various treatments; Treaﬁment in 0, at 5700 C.

{ .

caused s;multaneous sxnter1ng and redlspers1on which

fbsulted in. blmodal size d1str1butlons. Treatment in' 0, at

[+

800 C caused ‘severe 51nter1ng y1e1d4ng,average Pt crystal-
’ ml1te 51zes >10 - nm. Treatment in He at 800°C also resulted

in Pt 51hter1ng, but the average ‘Pt: crystalllte sizes were

.

<10 nm, Slntered Pt catalysts could be redlspersed by
. treatment in’ Cl contaxn1ng atmoSpheres at SS50 C Clz,.'

N, or N,—o,, was more effect1ve fom regeneqat1ng 51ntered

catalysts than gases conta1n1ng HCl C HCl, or CCl.. _The”

results agree wlth an atom1c-mlgrat1on mechanlsm for s \,
. .

srnter1ng and red1sper51on.] S T _> »

- v
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uounucnawunx ' N
The symbols used in this thesia are defined bq}ov. The )
number of the dquation in which the symbol is first used is
given in pArenth@s{é:'the.units_ﬁor each symbol is given in
square brackets, and dimensioﬁ}ess e;preasfond are indicated

by [-1.

-

Latin Symbols

t

a. = 'dummy vahiable of inxegratié@ (Eq. 3. 15) (-]

i

A,'_ = area under Pt 111 line for Catalyst‘u
(Eq. 6.1) [tc/s)-(°28)] -

Auu; = maximum area under Pt 111 line for Catalyst i
' (Eq. 6.1) [(g/s)-(?ZG)I

b = broadening due to instrumentel effects
(Eq. 3.4) [radians of 26]

B =, measured breadth of x—ray prof11e (EqQ. 3.4)
[radians of 26]

parameters in {gtting functioﬂ<}

B, =
AN (Eq. 5.2 &5.5) [-]°
B,;' =  broadenihg due”to straia in égyétbllitesl :
- (Eq.3.4) [radians of 26] \\
C; ‘=j/ constant (Eg. 5..10) [nm}
C, - =w"constant (Eq. 5.15) [nm]
- da = distance bctween crystal planes
| ' (Eq. 3.1) [nm] = . -
D, e size of particle i (Eq. 2.1) [bm]>  o v
D, =  number averagexdiametég (EQ; 2.1) [nm]
D, - .= surface average aiameter (Eq. 2.2) [nm] - -
D, = »volume average dlameter (Eq. 2.3) [nm] i
<p> = average crystalllte size (Eq. 3 2) [nm]\
— . ’ .
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. (Eq. 5.15) [nm ] U

"area average crystall1te s1ze (Eq.'s 13) [nm]
-volume average cry§ta111te size: (Eg. 5. 17) [nm]

Cauchy f1tt1ng functlon (Eq 5 4) [c/s]

‘;gGauss1an fxttlng functlon (Eq. 5. 5) [c/s]

-

vtmodxf1ed Vo1gt‘%1tt1ng fuﬁction (Eq. 5. 3) [c/s]
;'-pure XRD llne proflle (Eq._3 11) [c/s]

‘Fonrler transform of f(s) (Eq. 3. 13a) [c/s]

- 1nstrumenta1 XRD 11ne proflle (Eq. 3. 11) [c/s]

Fourler t ansform of g(s) (Eq. 3- 13a) [c/s]

' observed XR] 11ne prof11e (Eq.‘3 i1) [c/s]
~;Four1er transform of h(§) (Eq. 3. 13a) [c/s]
‘1nten51ty of d1ffracted X-rays (Eq. 5 1) [c/s]
‘Fourler number (Eq. 3 11a) - ] ]
5constant in Scherrer equatlon (Eq. 3. 2) [ ]

'num?er of dlscrete 51zes 1n dlstr1but10n
(Eqt.5.185 [-] -

fjorder of r‘&bectlon (Eq 3. 1) (-1

14 Y

»inumber of_partlcles wlth 51ze D (Eq. 2 1) [ }

- area welghted 1 ngth dlstrlbutlon funct1on <<
f(Eq 5.10) [nm‘“{ = ’ " ’ S

7volume welghted length dlstrlbutlon funct1on'

~H.dlmen51onles§ Bragg dlstance (Eq 3. 12) [ ]

‘fvbiume‘ffactibn”of
‘(Eq. 5.18) [ ]

Pt surface area (Eg}iy 4) [m’/g of catatalyst;‘"
c

B \ : €
,_fract on Pt d%pected by XRD (Eq\ 6 1) [ ]

’_mass fractzow Pt 1n catalysts (Eq 2 4) [ ]

L

stall;tes_havlng size pi:

~
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8Y . 27 line breadth due. to size broadenlqé <Eq- 3. 2)
. [radlans] .. . .

| 1ntegral 11ne w1dth (Eq.'3 3) [‘adxans]
',.Bvé' = width at half Height [rad1au/f"

>
|}

“"QH‘ - = "basellne correct1on at hlthValue of °20
| (Eq. 5.2) [e/s] '

ng o= basellné correctlon at l_w value of °29 B
(Eq. 5%2) [C/S]

/

’9 ° = gon1omete§ angle (Eq tiou § 1) [radians]‘
6, 3=”‘ high value of angle/at whlihabasellne |
| correctlon 1s apprﬁed (Eq. 5.2) {° 26]
b ““= . low value of angle at which baseline
L | correctlon is applied, (Eq 5.2) [° 29]
A ‘1'.:' x-rayﬁwaveleﬂgth (Eq. 3. 1) fnm]
f@n. L= ~,Pt»dlspere;én (Eq,¢§,3) [,].‘
,§ubseri2ts - . ’
- catelys£ = X—ray 1nten51ty-for catalyst (Eq 5.1) .
e_high“‘ =‘upg§§‘11m1t (Eq.,6 4) |
i | = 1w5g1nary Fourier coeff1c1ents (Eq; 5. Bl j
low /0wer 11m1t (Eg. 6: 3) ' ‘ .
hnv | ;/mznlmum value of 26 1n Four1er an81y51s
© ] AEq. 5. 12)-\" L
mg_i v = maximum value ofb20 in Fourler anelys1s'
- ' (Eq. 5. 12) , ,
7?;,éb4f?,= corrected X—ray 1nten51ty for Pt (Eq. 5. 2)'
r = real Fourler coeff1c1ehts~(Eq. 5. 8)

support =”X—ray 1nten51ty for support (Eq..S 1)
’uuaet?‘ .= XRD undetected Pt (Eq 6.5)
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R \ © 1. INtRopUCTION =
v AN : . : _ - - .

- - The commerC1aI1zatxon of platlnum reformlng catalystS’
in 1949 (1) opened a new :nd exc1t1ng area for the use of |
npble metal catalysts 1n—the-upgrad1ng of petroleum prod-/

ucts. Mono- and mu1t1—metall1c supported catalysts have '

”~

: been exten51vely used by reflners a11 over the world téo "~
(:':’producéVh1gh octane~gasol1ne. Plat1num supported on hlgh
surface area. yralum1na 1s one of the 1mportant reformlng
catalysts.a,thl“"" ' ' ‘ ‘ '

¢

\

-

SinterTng} 'The term slnterlng when used in conjunctlon

w1th supported metal catalysts, refers to the lgss of cata—
1ytic. metal 51tes due to the a%glomeration of metal. In
fresh reform1ng catal g the metal e;g.'Pt, 1s,present‘as

small part1cles (51 nm in 51ze) ~but use of the catalysts at

\ elevated temperatures for prolonged periads. results 1n

_1noreaSes in the average ‘sizes of metal partlcles. This

°

1n¢rease in s1ze “is accompanled by a’loss in the numbers of

-«

'ractlve site (1 e. surface metal atom5° the total number of

3 1

metal atomsadoes not change) The reverse of 51nter1ng,

ci.e, processes whxch result in decreases 1n metal partlcle

- si zes,-1s,referredvto as ,redlspers1on‘.v lff' .
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The s1nter1ng anB red1spers1on of supported metal cata-

",’lysts have-been studxed extensxvely.' A large amount of

»
11terature on the study of s1nter1ng - redzspers1on of

supported catalysts has been publ1shed. nfortunately, very

, few studles report changes in metal cgystalllte sxze-dlstri—
e »
:butlons 0ccurr1ng as a result of s1nter1ng and red1sper31on

* treat%entsh Most 51nteang studles report changes in metal

\\
.~ dispersion, i. e. changes in average metal part1c1e s1zes.

N However, changes.-in metal partlcle size d15tr1but1ons are’
A _
needed in order to obtain an understandahg of ‘the’ 31nter1ng
. ! .l o ,
and redlsper51on mechanisms. | - f* A

The objectives of the present work 'was - to e»émlhe the
:su1tab111ty of wide- angle Xx-ray dlkfractlon for the determ1-

natlon ‘of Pt crystall1te size dxstrlbutlon in Pt/yrAlzoa

¢, .

& catafysts and-to.determine'the effehts &E various sintering
~and red1spers1on treatments on Pt crysta111te sizes. To
: bhleve these object1ves, XRD patterns were meaSured‘and
; analyzed for var1ous Pt/y Al.0; catalysts whzch had
'prev1ou$1y been characterized by hydrogen chemlsorpt1on.
. The software for analy31s of - XRD patternsndeveloped by Pick..

' (2) was upgraded durlng the cur;ent project. BT
N _ _ .
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... 2.. LITERATURE REVIEW
- * ) . v ' : .
2.1 The Purpose ‘of Sintering Studies

‘Ingihe early stages of- commerc1allzat10n of Pt/y Ale,
Lo
_refonm1ng catalysts, many deactlvatlon problems were faced.

x Reports on the deactivation of plat1num supporteéjon alum1na
f by s1nter1ng started to appear soon’ after the commerc1al use
) f\supported Pt catalysts for naphtha reformlng (3) ‘

Numero@s rev1ews dealing with the s1nter1ng of Pt/y-Al 03

.

and other supported catalysts have appeared in the last two

¥ o
"y

L5

Since metal*caz%lyzed react1ons occur on the actlveA"
51tes of the métal‘surface, }t is 1mportant to know ‘the -num-
ber of sxtes ava1lable for react1on. "For most metal cata-
lysts, ‘the number of actlve s1tes is dzrectly proportional -
.to the.number of metal atoms. at the surface of the metal
. part1c1es. The ratio of surface metal atoms to total metal'
atoms is {eferred to as the metal dispersion or s1mply"dls- ’
pers1on v+ For ‘fresh catalysts the d15pers1on is. often close
) to unity. Deact1vat10n of catalysts by - 51nter1ng results in’
decreases in d1spers1on, i, e..an increase in the average

metal partzcle 51ze.' For some reactlons the act1v1ty is not

N
proportlonal to the number of metal surface atogs but‘
ﬁepepds on the 51ze of‘the metal pant1cles (10). - L
Furthermore, 51nter1ng and redxspersion rates appear to
depend on the metal crystallite s1ze dlstr1butlons (4)

N . : '
6 - . 3 ’ <
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The ob;eotave of sxnterxng and’ redispersion studies is
to determxne the mechanlsm(s) of the processeS‘tQSponsible
'qor changes in metal particle sizes, Data on thh‘%h@nges in

metal crysta111te size dlstr1butlons as a functxon of treat-.

'ment cond1t10ns are requlred to achieve this objective.

.
a

2. 2 anterxng and Redxspersxon Studxes o

The 51nter1ng of supported metal catalysts has ‘been
;studled extensﬁvely for several decades, and/several compref
hensive reviews on the subject are avallable (4 9). It has :
been found ‘that the ma1n\factors which 1nf1uence s1nter1ng
of supported metal catalysts are the type of metal,gﬁhe
sintering atmosphere and temperature, the nature of the sup-

_'port and the metal 1oaéfhg. Emp1r1cal, phenomenologfcal and

‘ mechan1st1c models have been proposed for the 91nter1ng

o

: ;; process (9) ¢ however, data on changes 1n metal part1cle s1ze

/ms (11 14)

distribytion are r qu1red to dlscrxmlnate .among “the various

models. Such data are not avallable. jiij: 7“«5

L n b
. 'm‘ . -1 . : \‘ .

Systematlc studies’ of redlspersmn *arae .much 1638.»“ ‘.

" 4?‘
abundant than s1n er1ng studles. Recent etforts 1n red1s-

pers1on have larg ly dealt with the chem1ca1 states of the

metal on the support durlng redlspers1on in various atmo-

' These studies eluc1date the chqmical
-3
process occurring dur1ng red15pers1on and 51nter1ﬁ§, but

they do not yi 14 1nformat1on on the rates of 81nter1ng. .

- sion of supp'rted Pt catalysts have recently been "publighed

_.\\ . -

Pre11m1nary data on the effects of atmospheres on redyiz er--
1
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' ,(15), but these data do" not include changes in Pt s;ze dis-

tribution since hydrogen chem1sorption ‘was the main tool

! o
. -
¥

used £or determine Pt dispers1ons.

" The verxous experxmental techn1quesuused for character-.

lzetion of supported metal catalets are’discussed_in'the

‘

next section. - | L N

2.3 Characterzzat1on Methods for- S1nter1ng Studxes\

- iGN S \

The characterlzatlon technlques employed forkslnter1ng .
* and red1spersi9n studles must y1eld d1rectly or 1nd1rectly
information about metal partlcle s1zes sxnce 51nter1ng and
redlspers1on are concerned with changes in’ these sizes.
'Chemlsorptlon, transmlss1on electron mrcroscopy and x- ray

.dlffract1on are the most’ commonly used methods ﬁor obtalnlng

-

metal partlcle'51ze informa!uon. The. appllcatlon of these
'methods ‘to’ 51nter1ng studies has been rev1ewed prev1ously.-
~An excellent review of the’methods commonly used for the
t'characterlzatlon of SUpported metal catalysts has appeared
. recently (16); hence,,only a brief account of the technfg:es

and the 1nformatlon obta1ned -by these\techn1ques w1ll be =
presented. . o E T ‘ L
i - N . 3 A q

'2.3.1 Chemzsorptxon A

Chem1sorpt1on is commonly used for determ1n1ng the
- metal dlsper51on of supported metal catalysts from measure-'

ments.of the amount of gas, such as hydrogen or carbon mon-

oxide, adsorbed by“catalyst-under'well-def1ned cond1t1on§.
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To convert the amount pf gas adsorbed to a metal disperaion

" requires an aSSUmptlon regarding the adsorption

stoxch1ometry. To.. convert the metal d1spersion to an aver-
ageﬁmetal\partlcle s1ze\requir$s knowledge abdht\the shape
of the metal particles (17). :There exists: considerable

tvidence that the 'normal adsorption stqichiometrf for hyL’j

drogen on Pt .at room temperature is about one hydrogen atom-
.

per surface metal atom (18) The adgorptlon stoichiometry

o

for carbdn monoxide on Pt is* somewhat more variable (19,20).

Hence,-hydrogen adsorption can be used to monitor changes in

Pt dispersion or averagé Pt particle size, as a functidn of

treatment conditiohs.?wkowever} chemisorption does nbt pro-

'd * 0

‘v\de any 1nformat10n on Pt part1c1e 51ze dlsthbutlon._

Although hydrogen adsorpt1on measurements are vgtymgv‘v'

produc1b1e (21), the-hgdrogen adsorpt1on stoxch1ometry may

~

be a funct1on'of pretreatment cbnditions, e.g. hydrogen ad-

sorptlon uptaké% may be suppressed greatly by hlgh tempera—

ture redUCtlon. Th1s suppre551on.1n hydrogen adsorptlon has

‘been a;trlbuted to support ~metal complex format1on (22) and

"

so-called 'strong metal support interaction’ (SMSI).

Tauster and co;workers (23), who coined the term SMSI,

5 t . ™ -~

attributed'this effect to the reducibility of the support. .

%, ~ o * . Vo .
-Recent-ﬁeSults,'however, habe‘shown that severe suppre581on

of hydrogen adsorptlon upta}es as a result of reduction at

‘high temperature also occuw for Pt on 1rreduc1bLe supports :

“ s

such as alumina and pagnes1a (24).

(23
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2 3.2 Transmilsion Elec!ron Microscopy -

:

Pt particles smaller xhan 1.0 nm ¢an be detected.and
measured by transmission electron m1croscopy (TEM) (25).
'Measurement of a large number of Pt partxcles should, in
principle, allow the determinatxon of Pt partxcle size d1s->‘.
tribution, and many metal c:ystalllgg size §1str1bug€on have
-been'feported for sdpportod-metal catalysts from TEM inves-

tigations (22 26). Varfous average metal pgrtiale“si:es can.

\

readily 'be calculated frdm the particle size d15tr1but1ons

Y

J(27). The different’ averngeApa;tlcle s1§e commonly
acalchlatéd'are the number averagé'gié; {p,), the ‘'surface av-

$'eragt 5lze (p,) and the vqume average size (D,). The ait-
. ' _‘/ ’

ferent 51zes ate glven by the. follow1ng equat1ons'

~N
&

z ni’Di . g . P

D, = g RETRIN

- .. Zn; '

, . D-=W' ’ | o [2.2])

zni'Di‘ T . * | .‘ .
, = Z_;l—i_ﬁx—: . o ¢ [2.3]

£

whére ' D, = particle diameter R
n, = number of particles with size D;.

In catalysis the surface average.size, D,, is of
interest since the surface area of ‘the metal can re%dily be
calculated from D, by (4):

P : . Q

S ~ 2.9 y/D, f2.41"
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R P

where S = Pt gurface area in m?/g of catalyst )

y = masf f ct1on ,0f Pt in catalyst

~

P, = surface average Pt part1c1e size in nm

Althoug “"can detect small metal particles on

ih1abi11tz> g\measured partt/i?'size distri-
: up |

ignal ported metal catalysts,’l .e,

supports, the

ﬁpr;po:ted”ﬁ"“ rous, high-surface area-carriers, is

questionable. The difficulties encountered in TEM charac—.

* terization inclypde interference by the support, difficulty

‘in'obtaining re resentative sampllng (9,16) and problems

with reliable de ectlon and size determlnatlon of Pt partl-

o

cles 52.0\9mrin‘size°(25,28)._ The difficulties of gbtaining

.representatlve samples for conventidnal supported metal'cath

alysts, 1n which tﬂe metal is usually distributed unevenly
over the support surface, is illustrated by consgidering a
typ1cal catalyst Wthh has a total surface area of 200 m’/gr
TEM micrographs w1th a. magnlflcatlon of at least 100 000 are
required for detect1on of metal particles in the nanometer |

range; therefore, over one’ b1lllon (o ) micrographs are re-

vqulred to exam1ne the surface of 0. 005 grgm “of catalyst.

'Y

Typlcally fewer than 10 m1crographs are taken per catalyst

sample! Another way of 111ustrat1ng the problem of

obta1n1ng representat1ve samplxng by TﬂM 1s-q1ven by von’
He1mendahl (29); he: stated- that the total quant1ty of all

materials examined by TEM in the worid prior to 1979 is less
than 1.0 cubic, millimeter. =~ . . B S

3
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~a qualitative or at beet §

Theae limita@ions @*% '
eemi-quantitative tool for the characterization of Fupportqp
metal catalyete. Howevet. the, information obta1ned from TEM
{range of metal particle sazes and-ﬂature of size distribu-
tion - unimodal or bimodal) 1s very useful as supportxng

evidence for properties obta1ned by other charactetlzat1oﬁ »

-

methods. S D L e

b e - v R
. 9 A -
. - .
. ‘ 5 -
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2.3. 3 x-ray szfractxon
~ J
~Wide-angle. x-ray diffraction (XRD) has been used for

- ’
- many years in catalyst characterization’ studiés (30). XRD

-

. 4

. in“these early studies was ma1nly used to obtaln average
fcrysta;l1te s1zes by the Scherrer equatlon (31), or to de-
ter%1ne qual1tat1ve1y whether the catalysts coritained XRD
‘detectab{é metal. XRD is still used for qualitative’ deter- p

“mination of‘metal detectability, especiag?y in,SMSI stadies,
-although quantitative‘determigatidns of XRD detectabie metal
were done over a decade ago (32). Many of the previeus XRD
Lstud;es have used catalysts w1th fairly h1gh metal loadings
(22 wt% metal) because lower‘metaY‘loadlng did not y1e1d de- '

“"tectable metal di%fraction lines, “'(; . .

B The qual1tat1ve determination of .whether a Supported
metal catalyst cantains XRD detectable metal and“the guanti-
'::tlve determ1nat1on of 'an average 51ze of XRD detected
metal are useful for defxn1ng the state of\the metal on the
support. Older stud1es (6 22, 32 33) .claim ﬁhat XRD
+ 3etectab111i?-of metal crystall1tes is 11m1tﬁd to metal
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crystallites greater than about 3 to 5 nm‘in size, but with

current x-ray diQEractometers and detectors the lower limit
\ .

of detectability has been aecreased-to 2.0 nm or less
(18,30, 343" In add1txon to obtaining agrrage crystallite

size; XRD can also be used to obtain information about the

~

crystallite size distribufion. \

The . theory for calculatlng crystallite sxze distribu-

k,t1on from, XRD 11ne shaaes has been available for many years
-.(35); Hht XRD (w1de angle) has not been used extensively for

determining[metal crystallite size distribution for

supported metal catalysts. Fourier analysis of XRD lines is

< requ1red to obta1n crysta111te size 1nformat10n and h1gh *

. quallty XBD patterns (i.e. good signal to' noise ratios) are
needed to perform.thls analysis. Pick (2) rev1ewed the use
oﬂ-XRb for.determinationyof metal crystallite size‘distribn-
* tions. The results reviewed by Pick (2) show'mhat’Ctystala

lite size distribution can be obtained for supported metal -

P

catalysts, but very slow scans (e.g. counting'for'soo
seconds per step) are needed to 7et line profiles of suffi-

c%ent quality for Fourier analysis €36) . However, care has

N
to'be taken in the data treatment and in the 1nterpretat10n

of the results (2). The Four1er analys1s of XRD line shapes
will be dlscussed latef in ‘the thesis. ;

Two common mlsconceptlons should be}pointea‘out:'first,
the sizes determined ‘by XRD are not 'crystallite"sizes‘ ,,i
| they are the height of (hkl) planes tespon31ble for the XRD

line from which the he1ght‘ot the s1ze was calculated.
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Hence, not only the size, but also the shape, of the metal--
._*_g;ygtnllites influénce XRD determined size, Uaually the -
term .'crystallite size' is-used iustead of length in the
[hkl] direction. 1In this thesis, Crystallite size for Pt
-'refers to tb: heiéht of the 111 stactingq since the 111 Pt
kline vas useé for most of .the analysis. ,The results of J
&qraweck et al. (37), who investigated a supported NiO by
QXRD and TEM, clearly show that significant,gifzerence in
dimensﬁons can be'present‘along_ditferent‘crystal axes.

‘ ‘The second misconception is that the metal crystallite
sizes-cbtaihed by different‘methodS‘(e.g. by\Scherrerﬁequa— -
tion,'Fourier analysis, TEM or chemisorption) should'be'
equai,(38). Each,methcd determines different average crys-
tallite sizes (see Equation 2.1 to 2.3) and carephas to- be
taken wheu comparing averaée sizes for catalysts with broad)
crystallite size distributfons. Furthermore, different
methods detect dlfferent amounts of metfi e.g. chem150rp-
t1on 'sees' all the metal surface, and XRD only detects
metal crystallltes greater than about-a nm. Hence, the av-

4

Lo erage 51ze calculated from chemlsorpt1on uptakes are based-

on all surface metal part1cles whlle the average sizes '
e

calculat%d from XRD are based only on the metal detected by
PR

XRD, Very little attention has been given in ‘the past ‘to -

quantifying the fraction of XRD detected‘metal.

\
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\\2.4 O;hor Catalysts Characterization Nethods )
Metal crystallite gize information can also be obtained_
by small anglévx-ray scattering (SAXS) and by magnetization
stud1es. “SAXS is a we}l known technxque for particle, not
necessar1ly crystallxte, size determinatxons (30). The
applicatxon of SAXS to qupported{metal catelysts is v __
complicated by the support interference s{ch many supports,
such as alumiha} are cémposed'of porous agglomerates of
submicron particlesy This.support interference can be elim-
inated experimentally by cgmpress{ng the catalyst-at very
high pressures in order to collapse the poées (39) or BY™—
- using pore\ 9skants which have electron densities similar to
that of ﬁﬁKFSUpport (40). Recent advanceg/ﬁﬂ data'anallsis
for SAXS have made it posgible to ;alculate metal particle .
sizes without experimental correction or elimination of the

°

support interference (41,425. These improvement in anaiisis
- technxques make SAXS a useful tool for determ1n1ng\part1cle
‘51ze 1nformat10n in suppegt metal catalysts. ’
For ce:;a}p catalysts, such as supported_niékel
magnetizatioh stuéies yield information on thgwnickel
paftfcle size (43). The individual nickel particles, when
placed in a magnetic field, behave like paramagnetié atoms
with very large magnetic moments. Nickél particle size in-
formation ‘can bé obtained from data of magnetization cur-‘
rent. ‘Thfs;technique is}uééful fot characterfzation of ‘i
supported nickel, but \t cannot bé used for ;uppo;ted plati-

>

num.
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3. E-RAY DIFFRACTION FOR CATALYST CHARACTERIZATION

A, o

) L}j o e Y N ":.4 » Q”)
3 1 Introductlon to x-ray D1ffract1on
x-ray dlffractlon 1s a well establ1shed technlque for

the characterlzatlon of materlals. The . ha51c theory and .

'_uses of XRD are d1scussed in. npmerouscbooks (e g,

"31 35 44 45)? The ba51c pr1nc1ple of XRD will not be

e ﬂ o

u*-rev1ewed here~ however some equat1ons requ1§ed later apd the

factors affectlng the determ1natlon of metal crystalllte
é Al "

- s1zes will be. dwscussed br1efly. RN ﬂ B gf

LA crystall1ne mater1a1 WIll d1ffract (reflect) x- rays

'fwhen a monochromat1c X ray beam str1kes a crystal at a cer-

;

ta1n angle. The condltlons at - wh1ch construct1ve (1n phase@

Vi

scatterlng Bccurs: 1s glven by the Bragg equatlon.

L3

n k T—.zd'sino v. ¢ e "c ’ “ [3.1]

Loe : . ) wﬂ

s . : } .
v (:where. the wave~length of the X- rays

' £
the d1stance between two (hkl) planes in. the

n

, crystal

'ﬁ€‘_.3.9 = the angle between the 1nc1dent x-ray beam and the

i e(hkl) planes ‘ . |
’"n = an 1nteger wh1ch 1s the order of the reflectlon
| (e.ge n=t for the 111 plane°;n 2 for the 222
plane) ‘

Accord1ng to the Bﬁagg equatlon the various x—ray
‘ -

7‘ feflectlona only occur at those values of nhlch satlsfy

A R B
g agT,
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')Equation (3. 1) . At other angﬂes no d1ffract1on x- ray beam

" is observed due to destructlve 1nterference, i.e. a' XRD pat-‘

tern, accord1ng to Bragg s law, con51st of 11nes at those'

.vahu§s of L} thCh satlsfy Equatlon (3 1) However, measured

i XRD patterns do not consist of sharp 11nes, at dlst1nct val—‘

: ues of 6, but con51st of curves (referred to as broadened 55“
11nes) Wlth max1ma at values of 6 close to those g1ven by -
the Bragg equatlon. ‘The broadenxng of the x- ray lines is

due to several factors. v A br1ef dlscu551on¥of these factors

which affect the analy51s of XRD patterns of supported metal .

“catalysts ic giv: ~ bélow. ‘ R
3 2 Instrumental Broadenxng
| To\obtaln sharp XRD lines requires monochromatlc and 5
parallel x ray beams, . e. all the x- rays have the same
wavelength (k) and str1ke the sample at the ‘same angle 6.
) X-ray tubes do not produce monochromatlc X-rays and even the

_use of fllters and monochromators falls to produce truly
monochromat1c.x rays. D1vergence SlltS are used to obtaln

"beams of nearly parallel Xx-rays. However,-;nf itesimally

v»small SlltS are needed to obtaln truly paralléiqx ray beams,‘

~ but such beams would have 1nf1n1ee51mal intensities.

_ Dlvergence sl1ts w1th f1n1te sizes are used/;o obtaln X-ray
beams W1th reasonable intensities; this, hoﬁever, results in
sl1ght1y non- parallel X~ rays. )

: The non-monochromatlc and non- parallel nature of the

x-ray beam strlklng a crystallxne»sample-results 1n,l1ner'



broadening, i. e. ‘the diffracted.x-ray intensity lsvnOnjzero
at values of 6 slightly removed from 9,“99 Other '
_1nstrument‘al factors,‘ sus alxgnment of the
'dxffractometer, flatness of the spec1men surface, x- ray
absorptlon by'the spec1men and size of rece1v1ng sl1ts,
cause broadenlng of the d1ffracted x-ray l1nes.‘ The-com-
4b1ned 1nfluence of’ all of~these effects on the. shape of the
d1ffracted x~ray line 1s referred to as _}nstrumentalu

.

‘broadenlng .

-

Many but not all of the factors contrlbutrng to -
1nstrumental broadenlng can. quantltatlvely .be accounted £8n\
by theory (35). 1In practice, 1nstrumental broadenlng is de- h
termined exper1mentally byﬂmeasurlng the x-ray line shape
(llne profllé) for a well‘de{1ned sample for whxch the major
'line broaden1ng is due to 1nstrumental broadenlng, Such a
,wellfdef;ned‘sample has. to cons1st of well- anne%ied crystals
’whichﬁare'larger_than 300 nm ln‘size (35). The methods»used‘y.
to correbt_measured'line.profiles for instrumental ‘
broadeninghwill.be described in Section 5.3.

T ; , N
3 3 L1ne Broaden1ng due to Crystal Imperfect1ons

The nature of the sample belng exam1ned by XRD also
contrlbutes to the broaden1ng of the diffracted x- ray 11nes.l
-The Bragg law assumes that crystals are perfect, but real
crystals usually conta1n 1mperfect1ons such as faults?
d1slocatlons and stra1ns (31) These 3rystal 1mperfect19ns
| __;_.11 contribute to the shape and breadth of the diffraction

e

'
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. kines. The contrxbutions to the 11ne wxdth due to crystal

-

b M

1mperfectxons are often referred to as stra1n broaden:ng .
A priori correctlon for stra1n broaden1ng is not possible .*
s1n¢e.the degree of crystalline d}sorder 1h samplps és.not
‘ known.' often strain broadening is neglected in iRD'Studies
of supported metal\cétalysts (46) sihce it is asbumed that .
the small cnystals arexannealed by .high tempg:ature treat- ___
ments. However, the presence of strong-metal suppo;t
’1nteract1ons .or ep1tax1a1 crystalllne growth may 1hval1date
thlS assumptlon. Emp1r1cal correctlons for stram ' , 9
. broadening have also ‘been proposed (47) |
Howeve& straln broaden1ng can be separated from other
hvtypes of broadenlng by analyzing several XRD lines” for the (

’
same sample. Thls is not always poss1b1e for supported

~

. metal catalysts because enly the most 1ntense line can be

) measured”rellably (46). The methods ofetestlng for the };Q?

presence of strain broadenlng are dxscussed 1B)Sectlons 3

and 5.5. - :

3. 4 Line Broaden1ng due to Cm?stallxte Size : .
éﬁﬁ Another factor which causes broadenlng of XRD 11nes

[4

the size of the crystal‘ It is the crystal size ‘effect,on
| /
the shape of the XRD lines which makes XRD useful for tP
character1zat10n of supported metal catalysts. Sma}l

crystals cause 11ne broaden1ng because the destruct;ve . e

1nterference of x-rays d1fftacted fr?m’/ﬁall g;ystals is_-
T . ! ) L . 0 . v . - '
incomplete near the Bradg angles. Average crystallite sizes

. . - ) o . . e s B E .

i .
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can be estimated_from XRD line broadening due to crystal

\ size from the Scherrer equation (31,35). The Scherrer equa-

‘tion‘is: _ - : e ' C; ‘
) . Cr R . ) v B ’. - k - ' " ” ‘ N o N .
h “w . . ’ K . . : . B . .
<D> = m ) ‘ [ 3.2 ]
*where <D> = the average crys;@l size v ,‘. e

"~ K = a constant’ which 1s close to un1ty,'buE\depends »
on the deflnltlon of B and the shape of the
crystall1tes c . X

rk = wave length of the x-rays ‘

-

T8 = Bragg angle
~ B .= the breadth ‘of the XRD line in rad1ans due to

size’ effects‘

© [

Two’ common metnods fdr‘defining the iine breadth B are

" in uset one, the width of the line at ‘half the maxlmum
intensity is used'(sz) or two, .the integral w1dth ﬁ is
used. The intégral width is defined as:’

"'Q

-ﬁi - ,area under XRD line T 13.31°

" maximum intensity of the line

- 2 _ o
It should be p01nted out that B/z and B; are not the

experlmentally measured 11ne breadt but areIOnly the
contrlbutlom of the size broadenlng to the total broaden1ng,'
i . the measured 11ne w1dths have to be corrected for
1nstrumental andast;a1n %foaden1ng'1n prder to obtain ﬁv;

~and B;. Fucthermore, thelgyerage size, <D>, obtained by the



.Y Scherrer equat1on is’ not a well defined average, but is
‘ approx1mate1y equal to a. zglpme weightif average (see.
Equat1on 3.2). However, d1fferent values of K have to be
- used for BUQ and ﬂi. For\ﬁ;@,‘K-mlO.Q;.while‘foi/é;PfK ~~J.OY
(16,35). o | | -
| Simple methods‘for obtaining 8 from measuxed line

widths aap-presented'in the next section. : : ‘ :
.' .N.“v N ',‘__. ) P ‘..'

3.5 Estimation of B £rom.Measured.Line Breadfhs

| The_experimentally'measured line breadths are due to .

instrumenral broadéning,’straih broadening and size
'broadeniné, i.e.: .

N

iB‘='f(b, B,,,B) R ' [3.4] .
| . : ‘ o S
wh;re B = experimentally measured’line breadth ‘
B c\b'= linefbreadth‘dUe to-instradenéaf Broadening
. B,, = line_breadth‘due.toﬁstrain broadening’
. B =.bgae breadth'dge.to sizevbroadenﬁng
- - a

According to Langford (48) thé strain and size effects
can be separated because strain. and size broadenlng have
dlﬁferent=9 dependences. If the 11ne proflre is. .
approiimated;by“ajéauchy (Lorentzian) distribution, then the ..
following relationship applres: g

S

B-cosf = B + B,,*sinf - o o - [3,5]

\ : R -
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If the ;ihe profiie is approxfhated_by a Gaussian distribu-‘
tiod, theo quatfon 3.6 is valiéf
: A \ o

“B?-cos?6 = B + B;'siﬁ’o . 4 - F%.G]J *
Hence, plots of B versus“siné- -ond B? verBus sin?é
y1elds values of B and Bn fo; the two 11m1t1ng shapes
(Cauchy and. Gaussxan) of the line prof1les. Note, values of
B for two or more values of 6, -i.e. more than a 'single XRD
v 11ne, are requ1red to separate size and strain broadenlng.
| Var1\¥s s1mple methods have been proposed for
c rrect1ng for 1nstrumental broadeq&ng. The orlglnal method

opoﬁed by Scherrer (35) was to assume that 1nstrumenta1

and sﬁze broadenlng are add1t1ve, i.e.:

B=b+g - : [3.71
- or z : : ' '

'("B s [3.8]

.." 3

LN
w
1
o p

This t;pe of cogrection is'epplicable for Ca;ohy profiles
(48). | | B -
4 ° - I

For Gaussxan profiles the corre&tion is (48) !
_ _ R

[y o ’ ~

- B3 ; b? +lp= ' . ‘ .o o [3.9]

or

B = (B? - bz)vz o | o f - '[33101'
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' Thése methodg of obta1n1ng B are approxxmaLe since 9éey

not only neglect stra1n broaden1ng but also assume the
\ R

shaped of the- line prof1les. Experlence has shown. the

~

correctlons accord1ng to Eguation 3.10 are superior to

corrections by Equathn 3.8 (35).

4

The values of: <D> obtained by calculatxng B from kK
: *
Equatlon 3.10 and substltutlng B into Equatlon 3.2, may not

; be correct 1ﬂ an absélute sense, but th1s 51mp1e method is

h

- valuable for comparlng crystalllte size for d1f£erent cata-

i

'lysts of the same comp051t1on. More 1ﬁvolVed methods, such,
. /fw‘ '
:as the Fourler transform method d1scussed in the next seé- '

t;oe, are pqurted to obtaln more. accurate crystall1te-51zes/2
aha crystallite size éistributions. :.K
1' A o oo .
3.6 Four1e; Analys1s of L1ne Profiles
. Four1er transforﬁ*analys1s of XRD 11nes is useful fﬂ
Because the exper;mentally observeé line profxle, h(s) is

_the convolution of the instrumental profller\g(s), and the "ﬁq

AR

size-broadened proflle, f(s) (49,50). [Thd straln’
proedening and other effects. which contribute to the line
shepe will be‘ﬁeglectea i+ thise 4iscuesion], Hence, h(s) is

g%?eh‘by: - VS ‘

his) =j g.a) fs-a) da’ S i

-

or
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his) = [ t(a) g(s-a) da, [3.11al

-

'where s is a dimension'less Bragg angle given'by:° S
. i ' oo ]

. ~ N\
 sﬂ? n [2d siné/} - 1] | \f[3.12]
. : . . o
| %@king the‘F§urigr trénsférm oflEQUation 3.11 reduces’ |
the convolution integral t&\@he;fﬁllowing product ofgfunc- R

L 4

, tions:
’ - r :
1 . \ ’ ’
. FouriergtraﬁSEormxof h(s) = H(;)'=¢¢7j)-F(3) [3.13a]
or _
. : v ‘ ,
F(j) = H(§)/G(j) , ~ [3.13p] #

» »

Hence, the Fourier transform of the profile due to -
- broadening can be obtained from the machine profile measured

&

wifh a 'sténdard' sample, aha-the measured profile for a{
éataiyét sample.'More details regard1ngqthe specific method
of XRD data analy51s are g1ven 1n Chapter 5 Reviéws of the
Four1er ‘transform method of analyz1ng XRD pro£11es should be
oonsulted for deta1led descr1pt1ons of the method

(16 35, 44 45) .,
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4. EXPERIMENTAL NEYHODS AND RESULTS

All the catalysts examin®d in the current study were
Pt/y-Al O, prepared +in the laboratory. The catalyst
rpreparat1ons, catalysts treatments and/hydrogen adsorption
studies “were dord by Ms. T. T Yu (a fbrmer research assocx-‘
ate in the Department of Chem1qal Engxn er1ng) The XRD
measurements were carr1ed out by the author and Ms. Yu, and’
‘the analysis of the XRD data was‘done golely by the author.
M brief description of the catalyst preparation-and treat-
ment procedures, although not done by the author, are |

- " ]

presented for the sake off completeness. 'O

. . T 4

- S .
4.1 Catalyst Preparation o o | -

Phe tourspt/y—Alzo; catalystS»described in Tahle 4.1
were examihed.ln'the current -work, The catalystS'were‘
. prepared By impregnation of y-Al,0, with an acetone solution
of'Pt(CsH;Oz)z-(Cat. GC1) or agueous solutions'o¥}H PtCl,
(Cat. GC2, GC3, and GC4). The 1mpregnatlon procedures have
been described previaujly (51,52). The Pt contents of the
catalysts were determlned by néutron act1vat10n analy51s.

Catalysts wab, d1fferent Pt load1ngs and dﬁfferent

Y- Alzog‘suppofts were d%ed in this study in ‘order to deter-

mine the senslt1v1ty of XRD_for characterl atlon,of )T
'Pt/y-Al;0, catalysts. ' -
N “ ¢ * .
. ¢ « 7
. N s 2
} s L% ¥
\ . / .
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4.? Catalyst Treatment and Hydrogen Adsorption
f‘ The treatments and hydrogen adgorption measurements
were carried out in a previously descrxbeé flow apparatus
(15). .The treatment”procedure consisted of placing 0.5 to
g2 0 g of a catalyst sample into a quartz ‘U-tube, heatlng‘the
sample to the des1red temperature in flowﬁng N,, replacirng

. the N, with the desared'treatment gas, and treating the cat-
alysts in the desired atmosphere for the desired length of &:
time. All treatment were done in f{owing gases.‘ Treatment-
gases containing EEI,, C,HCl, aﬁé HCl‘were obtained_,'bykJ v
sbubpling N, (of'o,) tnrough solutiqps of these compounds and
mixing the‘resulting‘saturated streams witn 0, and/or N, to
'obtain the desired composition. Mixtures containing Cl,

. were obtained by adding N and O, in theidesired amounus to
a 3.25 mol% Cl, :in N, mixtuge. The N, (Matheson grade, v
99.,9995%), He (UHP grade), O, (UHP gréae)‘and the Cly~=Nz
mixture were purchased from Mathesbn.“!The H, vas generated‘

¥

'1n thealabpratory with a Matheson (Model 8320) Hq generator.

A Y
After the treatment, the catalysts were reduced 1n’

f;pw1pg H, at 500 C for 1 h and degassed in flowing N, at
500°C for 2 h. Hydrogen adsorptionAuptakes were measured a{fi
roof. temperature by the dynam1c flow method 21). 'The
treatmentg and hydrogen adsorpt!on measureménts were done in
‘the same apparatus without remov1ng the catalyst from the
U- tube’between treatments and adsorptlon measurements.

The treatment cond1t1ons and H, adsorpt1on uptakes for

the four catalysts are described in Tables 4.2 to 4.5. The

\
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Hz adsorpt1on results are expressed xn terms of H/Pt rat1os,
v

where H is the number of H atoms adsorbed by the sample and

Pt is. the number of Pt atoms in the/sample..y

:. 3 x~ray D1ffract‘hn Measurements

4 3.1 x~ray equ:p - 'i .
_ A Phlllps x-ray. dlffractometer system was used to
_ measure the-XRD prolees. The d1ffraot10n system cons1sted
of a Ph111ps PW1730/10 x- ray generator, a Phlllps Pw1050/70
’uyert1cal gon1ometer, a Ph111ps PW2233/20 Copper X= ray tube,
‘an AMRAY Model E3-202 GVW7794 graphite monochromator~and a
Philips’PW1965/60‘proportlonal'k;ray detector;'} 1° diver-

gence (incident) slit_and a 0.1° receiving slit were used

. for all the measurements.e

Treated catalyst samples»were placed 1nto the cyl1ndr1—
.cal cav1ty of a custom made stalnless steel spec1men holder.
aThe spec1men holder con91sted of a stalnless steel ‘block (5
!mm th1ck) w1th a 19 mm dlameter and 2 mm deep cyllndrlcal e
vcavlty,. The samples were_carefully“placed‘1nto the cav1ty |
_to.ensure-approxlmatelyiequal'densityﬁthroughout the packed
=,Sa@Q?;ff Theﬂsurface ofvthe specimen was smoothed‘by’gently
; Pressing and rotatiné'alélass slidefover the-surface of the f
gample;: The sample ‘holder contalnlng the catalyst was easi—
“jly handled and~Eho surface of the spec1men rema1ned smooth
throughout the handlxng and measurement of the XRD patterns.

All XRD measurements were done in the step scan mode

with a‘step size of 0302 °26 -and countlng for JOOis-per.
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step. The maJor1ty of the XRD scans wvere collected over a
2

range of 36 to 44 °20 since the most 1ntense Pt 11ne (the
111 11ne) is located at 39. 8 °29 It took about 12 h to

obtain one XRD pattern for ‘the ! 136 to 44 °20 range. The out-

@*put signal of the dlffractometer, i.e. angle 1nten51ty

pa1rs, were sent dlrectly to the HP—1000 mxnlcomputer ,f..?”
W ‘
located in the Data Acqu151t1on and Control (DACS) centre df

the Department of Chem1ca1 Englneer1ng. The data were

. 'stored on"disc and also copled to magnetic tape . for backup
e

protectlon. All plott1ng and data analys1s vere done wléb

the fac111t1es of DACSrcentre.

4.3.2 XRD patterns for cgtalysts A R

" The 'raw' XRD patterns for the catalysts after the var-

ious tr nts: are shown in F1gures 4 1 tb 4.6. The pat-

'terns are offeset for clarlty, but otherwlse they are
lginpomt ~by- po1nt plots of the data as measured The-zntensi~
t1es of these plots cannot be compared d1rectly because two -
d1fferent Cu tubes were used (one-. tube burned out durlng the
course of these measurements) All the results except those
for samples GC3-4 to -7, GC3 10 and GC4-3 to -6 were ob—
tained with the old tube. The XRD intensity from the new
tube was 3. 11‘%imes'greater than‘that from the old tube._
Th1s factor was. used to adjust the. 1nten51t1es of XRD pat-

terns when comparlng patterns obtained wlth the old and new

Cu tubes.
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INTENSITY (c/s)" |

‘ilLli'i'i.JAIIII'll"'1

3 38 <'="40W o 42 - 44
o 'DIFFRACTION ANGLE: (ze)

Fxgure 4. l Raw XRD Patterns for Catalyst GCI
(See Table 4. 2 for descnptlon of treatments)‘
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[

\

36« 88 40 42
| DIFFRACTIO'N ANGLE (28)

(See Table 4.3 for\descrxptxon of treatments)
o

Flgure 4.2 Raw XRD Patterns for Catalyst Gc2



INTENSITY (c/s)

1 1 L 1 1 l‘ ) S . | l 1 i 1 _l 1 rl .
36 38 - 40 .42 C 44
DIFFRACTION ANGLE (26)

F’xgure 4.3 Raw XRD Patterns for GCZ(contmued)

o

(See Table" 43 for deacnptxon of treatments)
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(INTENSITY (c/s)

DIFFBACTION ANGLE (26)\

| Figure 44 Raw XRD Patterns for Catalyst GC3

f—(ﬁce\'l’able 4.4 fqr description of trca_tmcnts)
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INTENSITY

‘.lt;J!gN"JLl | A o L.L°1'¢4 [ | L

6c3-3 | . |

8 40 . 42 | ‘_‘44»'
K DIFFRACTION ANGLE (26)

¢

nggure 4 5 Raw XRD Patterng for GCS(contmued)

(See Table 4. 4 for desantxon of treatments) 1
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»
y oo g Loty
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DIFFRACTION ANGLE (26) |
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Figure 4.6 Raw XRD Patterns for Catalyst GC4
* " (See Table 4.5 for deacnptxon of treatments)
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4,3.3 XRD pattqrns for supports _

In orden to obtain the XRD .pattern for the‘platinuq in
supported Pt catalysts,/lt is necessarf tovcorrect for the
-XRD pattern of the support.m Th1s requires ?easurement of
the XRD patterns-for the supports. The severe treatments of
the catalyst samples may results in changes in the XRD pat-
terns of the supports. ' For. thls reason support XRD patterns
uere measured after var1ous thermal treatments. The treat*
ments of the supports are descrlbed in Table 4.6 and the
as-measured XRD patterns are shown 1n Flgure 4.7.

Only one pattern/ls shown for Alon (Support GS1) since
previous studies (51) showed .the thermal treatments of Alon
only result in minor ohangesoin(the XRD pattern. The re- -
sults for supports GS2 and Gs3,’in_Figure 4.7, show the .
changes as a result of thermal treatqents are also small:

The changevin iffracted x-rayiintensity as a result of
changxng the x= ray gé is also illustrated in Figure 4 7o
Runs G§3 1 and -2 were done with tﬁe old tube and Runs GS3 -3

-

and 4 were done with the new tube. The average rat1o,of
1

the 1nten51t1es of old to new tubes. is Q 3zi with a standard

'w-'
deulatlon of 0.007, o ' ﬂ ~<¥” .

| It\éhould be po1nted out that st r: of samples
treated at elevated temperature resulted in small changes in
the support component of the XRD patterns. The method of

correotlon for these changes is déscr1bed in ‘Chapter 5.4
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) Tgble 4.6 Treatment conditions for sqppo;ea\\¥~
v ! , y ; (J
RUN TREATMENT CONDITIONS® AN
, ‘ \ —
) GS1_1 I3
GS2-1
GS3-2 72h
GS2-3 HC1(0.4),H,0(0.03),0,(24),N,(76); 520°C; 1h - *
i s
GS2-4 H, (100); 800°C; 16h - »
- . : i}
GS3-1 Fresh support(after decomposition of boehmite)

GS3-2- ~ He(100); 800°C; 16h

GS3-3 He (100);. 800°C; 16h (repeat of GS3-2 with new
.x-ray tube) ' . . -
GS3-4  .C1,;(0.15),0,(19),N;(81); 520°C,. th ™

}Teatments GS2-2 to”Gsz -4 done sequentially on same sample
Trbatments GS3- 4 and GS3-5 done sequent\ally on same sample

Values in brackets are' the compos1t1ons of the treatment
atmospkere in mol%. “ v

4.3.4 XRD pattern for a standard,sgmple ' ' igjj
" In order to)correct thekmeasured XRD-batteéﬁs'forf g

insgrumental broaa;ning (see Chapter 3), a KRD pattern‘is” )/*

‘AreQuired in which the‘oﬁly cause, of liné broadening s’ |
imstrumental bréadening The'sample-chosen as the sﬁgndgrd

"sample vas a physical“d{;ture of Pt black and s111ca11te‘
(5111cal1te 1s a pentasil zeolite manufactured by Union .
Carblde). Sallcallte,lrathgr.than Y:Ale,{ was chosen for

. “the standard samplq becghse1éilicalite give§ low'baqurdund |

Q\
4 . ]
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Figuyre 4.7 Raw XRD pafterns for Suj;ports
. (Se#tTable ‘4.6 for description of treatments)

Patterns GS2-1 to GS2-4 are offset 100 c/s from the orlgin
Pnt_tei'nn GS3—1 to GS3-4 are offset 200 c/s from the origin
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ihtensities of x-rays, and has no diffraction lines that

%0

1nterfere with the Pt 111 line,

The Pt black was well mixed with the silicalite powder.
This physical m1xture was heated in flowing H, at 150 (o} tor
4 h, and at 500°C for 1 h, followed by treatment in flowing;
' N, at 500°C for 2 h. Thls treatmgnt vas carrzed out to. 0’“'
anneal and sinter the Pt black. Examination of the slntered
and énnealed mixture by tran;hission electrbn microscopy
showed that most of the Pt was present as particles larger
than 300 nm. Tht XRD pattern for this sample js shown in |
Figure 4.8. fhis pattern’was used to corgegt all the other

"~ XRD patterns for instrumental broadening using the:

procedures described in Chapter 5.

| ; | 9
\\'I — "'
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’ 5. ANALYSIS OF  XRD PATTERNS
. The general pr1nc1ples 1nvolved 1n obta1n1ng crystal-

711te size 1nformatlon from XRD 11ne broaden1ng were de—"f

it

._'scflbed in. Chapter 3, In the current chapter the spec1f1c

methods used 1n the present 1nvest1gat1on are presented

d The main steps ;nvolved in convertlng XRD patterns of -
’supported metai catalysts to.metal_crystallite s%zes are -
elimination of sugpprt contribution to the XRD patterns,b
'smoothlng of the line prof1le of the metal, correctlng for
instrumental effects and: checklng for the presence of straln.
broadening. .The 1nd1v1dual steps are descrlbed in the folL
lowinélsectlons.- The computatlons:were carried out on’ the. S
" HP-1000 miniConputers'in'the'DACS centre.and the programs B

.

used'are listed in Appendix A,

. 5.1 Subtraction of the Support Patter

.

The support‘contribution was removed from the measured
-proflle for thk supported metal catalyst by a &elghted
: p01nt by- po1nt Subtractlon of the support pattern (see ;
F1gure 4, 7) from the pattern of the supported metal catalyst
(see Flgures 4.1 to 4.6). ‘The. 1nten51ty IPt of the X~ rays |
due to dlffractlon at a glvep value of 26 by the Pt is then
glven by' ' B

B

o @

o

Ipe = _Icatalys_t i [s.F. ]f"I,S\)pport o 15.1]
The 'Sca11ng Factor §3E., as reqﬁlred toocompensate for

g

Y , . . .‘ .\ N i | . '»’. : : ' ".:.‘ ‘ . .
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the’decreased'amount'of support that the x*rays 'see' due to_
the presence of the Pt, 1 e. the x-rays do not penetrate the

“FEﬁpIE‘asfdeeply 1f Pt is present in, the sample. A scal1ng

ty

factor of 0. 95. (2) was used for catalysts GC1 and GC2 and a

scallng factor of 0.90 was used for catalysts GC3 and GC4.
‘ Values of Ipt were ., calculated accordlng to Equation 5 1 at
'each measured value of 26 (e.g. 0.02°2¢ steps) |

values of Ip, should be close to zero at values of’20_
. : ‘ - .
reasonably far removed from the centroid of a Bragg

+4°).

diffraction line for the_metalv(e.g. at 20 = 26y,

_ However,'yalues of I,, in the 'tails'  of the line profiles 7
calculated according to Equation 5.1 uSually deviated’" Z?

‘ slightly from zero. The dev1at10ns were not large'

ing ‘less than 15 c/s), but subsequent data flttzn-

G

analys1s requ1red that these 'ta1ls of the XRD:

approach Zero‘intensity. ‘Several reasons, such a

1ncorrect va%res of the scallng factors, contr1but1on to

background X~ ray 1nten51ty due to hlghly dlspersed Pt and

varlatlons in support proflles, can account for the varia-
.tlons in the tails. | | ) ﬁ
| The x-ray 1ntens{ties for the'Pt i. e. Ipt; obtained by
4Equat10n 5 1 were corrected for dev1atlons from zero 1 n¥ L
51t1es in the tails of the lxne prof1le by a llnear. |
-base-line correct1on. The correctlon method cons1sted of
-determlnlng Ipt 1n the tails of the 11ne proflles (i.e.
‘about 4% .26 away from the peak maxxmum) and then sh1ft1ng

the basegﬁéne at both ends of the pattern S0 that the

.

8



I 1
intensity.in the tails was approximately equal to zero. The
7cdrrec£ed intensity as a function oflze'is,then'given'bx:'

Tocor. = Toe = & ~[(8,-8,)-(26-26,)1/[26,-26,] [5.2]
. bu) - (26726, - |

‘whére 26, = low value of 20 at wh1ch basel1ne sh1ft is

Ldetermlned i, e. the.value of 26 somewhere in-

the low angle tail

26; high value of 26 at which baselineuéhift is:
de;erminedﬁ i.e. the Vvalue of 29“somewhere.in

the hiéh'angle tail .

A baseline shift: qt 28,

baselme shift “ZOH

The ‘'values of A, and A, were obtained by examining a plot of

‘B,

I,; as a function of 20 on the computer monitor and .’

est1mat1ng the Shlft 1n 1ntens1ty requ1red to reduce the in-
Lk

ten51t1es in the talls of the 11ne prof1le'to zero. A
corrected value of the x-ray 1ntens1ty was calculated at
each measuqed value of 20, e.g. at 0. 02 °26 intervals. The’
1nteract1ve program XRMD llsted in Append1x A, was used to :

&

" calculate the_subtgacted proflles.

>

| Most of XRD patteras analyzed:in\f}is work spanned‘iz
range of 26 from 36 to 44°, i.e. the pastern contained the
'Pé 11 line.whicﬁ’has,a maximum intengifyﬁaf 39;8 §26; #%or
'fhe patterns’the gflﬁes of ‘"¢,: 26, oQ{B? and 44°,'re- .
spectiiely were uéea;' However, two pattefns, with yide;'.

iy
N
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ranges of 26 (30 to 90 °) were exam;ned. The values of 26,
and .26, for these two cases were 30 .and 90° respect1ve1y
In F1gure 5.1 the results of a support sub ract1on are _'
illustrated. The raw XRD patterns for the catal st and the
"support are shown: in the tpp part of the flgure (the 1nten-’
'~s1t1es are offset from zero for ‘clarity).. Tne subtracted
°pattern..lsshownm thecbottom‘part of the figure.h,
‘Examination of\the subtracted pattern_show that the ahove
‘described method‘results ingexcellent removal of thﬁ support
contributions from the XRD-profile of Ehe'supported metal
catalysts. Excellent removal‘of the support line occurs
euen inrfhe-regions.where there is severe interference hy
the support, i.e. the 400-an8 440 lines of y—Alzo;‘in the
vicinities of the:Pt 200 and 220 lfnes (see figure 5.1). A
tabulation of the Pt and'y—Alzosvdiffrastion'lines.in the 30
to 90 °zGWrange is g1ven in Table 5.1. ‘ |
The subtracted XRD ﬁgtterns for the other catalyst
samples are shown in F1gures 5.2 to 5 7. The patterns in
these'f1gures are offset for clar1ty; the intensity for each
.subtraéted pattern at 36 °26 is approximately equal to zero.
The baseline'correctionsathat werepused for each sample.are
listed in Appendix B. 1In the subsequent analysis only the
subtracted patterns will be used since these patterns con-

tain the 1nformat10n related to-Pt crystall1te sizes. L%g
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Fxgure S. 1 Illustratlon of Support Subtractlon
for 1% Pt/‘y—Ale;, Catalyst
(26,=30, 204=90, AL-40 c/s, Dy=-1.0 c/s SF =0.95)
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Table 5.1. Location of Pt and ?-Alzo, diffraction lines

. o * ) '
‘Index of Lattice ©26 for Cu . Approximate
" plane Spacing ‘ | Relative
(hkl) d (nm) Radiation : Intensity
Platinum ‘ . .
111 ' 0:2265 ©39.80 100
200 0.1962 46.27 50
220 1 0.1387 67.53 . 30
311 0.1183 ~81.36 . 30
222 0.1133 .4  87.80 10
220 0.280. g% 32,0 20
311 0.239 37.6 ' 80
222 0.228 39.5 50
200 0.198" 45.8 100
511 190,152 61.0 30
440 0.140 66.8 | 100
444 0.114

85.1 20

5 2 Smoothzng of XRD Line Prof1le

Examlnatlon of the subtracted patterns (F1gure 5 2 to

"~ 95.7) shows that the patterns contaln noise, i.e. fluctuation

in intensity in adjaceht 26 values. The level ef'noise is

too high for direct Fourier analysis of the suﬁtractedvpre—

files. The 51gna1 to noise ratio could be improved by T

1n¢tea51ng the count1ng t1mes at each step Howeverfi%he_

count1ng time of 100 s per step ‘'used in ;h1s work’ already

requires over 11 h feor the measurement of one XRD pattern,_'
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' DIFFRACTION ANGLE (26)

[
vvvvr‘v,rv‘rllter r‘.lﬁf"Ir""’Tr—"‘r["T‘ r'YVY
%
eca-7" \
) GC3-6 .
(&)
E: CC3-5
o .
>, ,
= cC3—4
B L
Z v
P R
cC3-3
~ o L cc3—-1. .
‘h|||d11lL‘llLlLl;lll.lllLl‘lLl’llLlllLllllJ‘
3 . 38 - 40 <« 42 44

Figure 5.5 Subtracted XRD Patterns for Catalyst GC3

» (See Table 4.4)

L



‘ € "‘ . (:)
IIIIIITIIﬁﬁITTYI];llT'bJITI:ﬁ[-YTIIIITIT
N ce3-r0
-
3
i
2
~N .
@]
c
99|
e
m |
=
Z,
=
1Lllllllll"ﬁ‘lLLllLllilili_lllllljl[l111

36 38 | 40 42 44
DIFFRACTION ANGLE (26)

Figure 5'.6"Subtrac@ed XRD‘Pe_fttcr'ns for Catalyst GC3

t

(See Table 4.4)



' - SR S .‘ . . 53}
. ' . i , "‘

'Ifll'\%}lltrlillll\fll‘flllilli'lll||I'||’| ‘
o : i 3 {;) ' . ’

0

II 200 c/s ' - S

INTENSITY (c/s)

‘xi



) . ‘ : c T .

.o S
and much larger éounfﬁng'tiﬁes :ou;d‘be~teQU{;e§‘to obtain
.XRD_batterns with suffiéiently‘iqw noise for direct Fourier

! analysis. The usuaifﬁéthod“fqr the elimination of noise is-

| tbAfi£ the XRD profile with'ak analytic function, i.e.
smoothing of data (35). | |

.Variéus functibng have been proposed {é; fitting XRD~

line profiles, and these have been Meviewed by Pick .(2). In ..
this Qork we use the'modifiéd Voigt function, recommended
and used by Pick, for fitting the XRDﬁfine profiles. -This

modified Voigt function, a combination of the Gaussian and

Cauchy distribution functions, is given by:

«

F, = F,(26) 2 F;(26) _[5.3]
where o . & _
' Fr(28) = N - [5.4]
%{ 1* ~ - [1+ u.-Ez~(29 - Bg)'z]B‘ & ’
'02- ’ o
F;(ZG) ='B5'{Ekp[-U"Bg(26 ;Bg)z]}n; [5.5]‘

-

"The B;'s and u are adjustable parameters, B, is the value of
20 at which the intensity is a maximum and u is a parameter

to account for asymmetric profiles, i.e. u = 1.0 for 26 < By

-,
¥

and u = Bg for 2¢ > B, (for symmetric profiles B, is- equal
. . ‘ ‘ - - )
¢ to-unity). .
. The .behavior of the function F, (Equation 5.3)~i% L
, , i hate .

illustrated in Figure %.8. The three shapes shown in Figure

5.8 corréspond to the general line profiles observed for the

Pt 111_1iné, i.e. sharb lines (solid line), broad lines

3

.
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o (daéhed 1zne) and a super1mposed sharp and broad 11ne

-

Hence, the functwn{ appears to have the

‘ rties requ1red for fitting (smooth1ng) the Pt

The degree of fit obta1nable with F, was tested for
‘three Pt 111 lines’ W1th‘d1fferent shapes. The fit obtalned

t o
‘is 111ustrated in Flgure 5, 9 The results in Figure 5, 9”

\show that Fy is an excellent smoothlng functlon for Pt 111
*11nes w1th d1fferent shapes. The elght ad]ustable parame-~
‘tefs 1p Fy, i.e. B, to Bg, were estlmated!by‘non-llnear
reoression using the BS?LVE algorithml(53). Detaiis of the
‘parameter estlmatlon methqg and llstlng of programs for
’ determ1n1ng the parameters for'flttlng XRD lines have been
presented by Pick (2) o | 1 @
“ All the Pt 111 11nes shown in F1gures 5.2 to. 5, 7 were:
fit to the functlon Fys the parameters B, to Bg for the var-
ious catalet samples are g%yen in Appendlx B+ The smoothed
(fltted) values of 1nten51t&\KF ) as a functlon of 20. were

used in the subsequent Fourler ana1y51s.

g

*

5.3 Correctxon for Instrumental Effects
As d1scussed in Chapter 3 Fourler analy51s allows thdY
separatlon of the various factors wh1ch contrlbute to the
line broaden1ng (see Equatlon 3 13) Dzscrete Fourler
transforms,.1 e.vreal and 1maglnary Fourler coefflctents,
‘.were calcuiated from the smoothed Pt 11ne prof11es for each ;

,catalyst sample and for the standard sample. The smoothed
R v ,

AT CR a . 3 "' ) ¥ - L
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_ proflle for the samples becomes h(s) and the smoothed pro-
file for the, standard sample becomes g(s) (see Equatlon "%,’

3.11). 'I'he aid

rete Fourier coefflcxents for these profilesa

were Calculated 'ccordlng to the follow1ng equatlon9(34): ¥

o . ' ’ ' o W
B H,(3) = g% L h(s)- cos(zWSJ/N> “ o [5.6) 3

H () = E,h(s);sin(zusj/nx. o 15.T)

Zl~

" H.(j) and H;(j) are the realyand ima%inafyﬂualues of the ‘  l‘;a
‘Féuriet coefficients of h(s) The Fourier coe£f1c1ent for .‘V@
g(sﬁ,‘i.e; G (J) ahd G .(9) were calculated in a similar "
manner by replac1ng h(s) w1th g(s)_;n'Equatlons 5.6 and 5,7;
,Values of J from 0 to 119, i.e. 120 Foufiet coefficients,'

- were used,,and the functlons h(s) and g(s) were»d1v1ded into
_240\equal 1ncrements, i.e. the summat1on was carried OVer".' ‘ 4{
241 steps in-s. | b ' . _

The values of H (j) H (J), G (J) and Gi(]) were used to
calculate the Fourler QO&fflClent for the pure' 11ne pro—

vl_file f(s) i.e. the 11ne‘prof11e from wh1ch 1nstrumental o o

broaden1ng effects have been. removed.‘ The Fourler - : o
coeff1c1ents for f(g), accordlng to Equatlon 3.13b are giv-.
v(i'en by. | | S ;

o o R Y A (3 e (4 s , e

R ]

A HA<;) -Gp(3) - B, 6, (J>
N7 N Fi(J)t' TG, (,)z s 6,(3)°

ﬂ..

)

R T
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" The pure line profile, £(s), can be generated from F (J) and Y

- F,(j) values; however, f(s) is not needed to obtaln orystal-
’l1te ‘sizes since average crystall1te sizes and 51ze distri-
butions can be calculated directly from F,(3) values :

[\\~N(16 35, 44)

The surface area we1ghted size d1str1but1on is g1ven

- by: '
P, () -“‘E’f'd:‘;fj‘) [5.10]
.Wheuesc, is.a notmaiizing constant which yleldsﬁ .
Jp;(n) b = 1.0 . = -," tsgfll
and D;is a-lengthldefined as
ﬁ e 3 X/[2(51n6~A-k31n9 )] [5.12]

4
‘W
o

andte are the maximum gn@ m1n1mum values of 6 uséd in
the Four1er analy51s and \ is the wavelength of the x- rays.
For 6,, equal ‘to '22° and 9 equal to 18°, g%e value of D/j
:ls-1;145;nm. The surface area we1ghted average crystall1te

size for _the size dlstr1but10n P,(D) is given by:

<‘D>'._‘z;D-P,(D) P ' (5.13]
T2 7z, (D) L s

-«

" The summation~is;caqried.out over all values ‘of j; used to
g . -‘.' - , \ )

calculate f;(D);‘ For Valuesfof:j greater than 40, i.e. for -

D 245nnmi_the_vaIUesaof P:(D)Japproabh zero;‘hence, only the
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i

firaﬁ 40 or fewer Fourier coefficients were needed for the

current analyses. o ﬂ 4
The second der1vat1ves, requ1red for evagfaﬁlon of
. ,
P,(D), (Equatlon 5. 10), vere calculated by th foIlowing ~
_difference formula: S wf; ﬁ~ " x-}i
a*F, (3) - ' | | o | o
——a-,'—J.—.-,-—‘= [F,(§-2)=F, (3= 1)-F,(3)+F, (3+1)1/2 [5.34]“‘

. ) - /‘ - .
The 'average size, <D,>, given by Equation 5.13 is similar to
the aQerage size D, given by Eglation 2.2. Volume‘weighted
°crysta11ite'size distribution can also be calculated from
‘the Fourier coefficients, i.e.: |
5 asF .(3) ‘ o L
p (q) = E- ___..__..jz | = o X [5. 15]

- where C, is a normal121ng,cohstant-which yields:
Jpvm)‘ ap = 1.0 e [5I16],

The correépondﬁng volume weighted crystallite size,

similar to D, defined by Equation 2.3, is:.

i = - | : - [5. § o
D> = T (D) | | (s.171 %,

All the calculations required*tb'obtain'the crystallite size
: ,d1str1butlon and averageI gy5tallitetsizes, f?om thé
'Lsmoothed F, funct1on were done using the computer program

'”{?LYXPROAaqg the a55001ated subrout1nes. The calculatzons and -

omputer programs are 1engthy and 1nvolved,
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andit is not possible to ensure that all the programs are

_error free. Hence, the empirical method of testing the

programs .was used.’

5.4 Toating of Programs-

)

Test1ng of the computer program YXPRO was done by gen- -
eratlng a pure diffraction pro£1les for the Pt 111 11ne for’
cases w1th different Pt 51ze d1str1butlons, and u51ng these.
=generated pure proflles as. the 1nput prof11es for YXPRO Tf
YXPRO accurately reproduces the essent1a1 features of the ‘.

various Pt size distributions used to generate the pure pro-

v

f11es, then the Pt 51ze dlstrrbutfons obtalned with YXPRO
S

for pure profiles’ w1th unknown size d15tr1but1ons have a

- high degree of rel1ab111ty.

-

Pure diffraction lines,< i.e. intensity as a function of"

s, were'geherated‘according to Equation 5.18 derived by

Delhez et al. (47), namely: - = e

¥ VvV
' I1(s)'= L~ D

by . i=d

sin*(7D,s/d)
sin*(ns)

- [5.18]

wvhere s '(Zd-siﬁé/k)~1
- d a,distance bet¥een Pt (111) planes = 0.2265-nm

- M= number of dlscrete crystall1te 51zes in . -

dlstrlbutron'

: one, .. -
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all particles in sample of same size, i.e.;.ﬁ = 1.0; two,
various particles sizes (M = 2 to 7) and‘each size haVing_
the sane naSS'fraction, l.e; v, = 1/M; and thfee, distribu~,
tibns’ccntaining particles of twb\sizes uith variing values
of V,. The prégram XPURE was usedwfcr the calculations.

The results for Caee 1, ferkgarticle éizee from 1 to 50
nm, are summarized in Table 5.2. Also included in Table 5.2
for compatison are values of <D>, and'<D>V2 calculated from
"the Scherrer equation (Equat1on 3.2). All the sizes
calculated by the various methods are very close to the 51ze'
used to generated the pure proflle. The errors in the_aver-
age size calculated from YXPRO i.e. <D,> andv<D >, were
. less than 3% with the except1on of the 1.0 nm case. The
Scherrer equatlon also y1elded accurate crystalllte s1zes
for unls1zed crystallltes. | | |
\ The results for Case 2 dre -shown in Flgure 5.10, All
the distributions used tpvgenerate the*pure proflles had a
;olume‘aVerage crystallite size’<Dv>; of 20 nm. The values
of'<Dv>icbtained'from the Fourier analysis, uéing YXLRO,'
were verficlose to 26 nm (see Figure 5.10). The input sizes
were at dlscrete values of D,, e. g.r5, 10, 20 nm, but‘the
calculated size dlstr1but10ns were spread around these 1nput
values. This is expected since the calculation of crystal-
lite sizes requlged numer1cal ‘differentiation (see. Equatlon
5.10 and 5. 15) The max1ma in the calculated size dlstrlbu-

't1ons correSpond very well to the input 51zes.‘ The areas

under the d1fferent peaks in each calculated size
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\\_’/644::;butions are .about equal; This is in agueement w1th'
" the 1nput size d1str1but1on since V, was the same for all’

! !
the D,'s in avg1ven d1str1but;on. ' \ . ~ :

Table 5.2 Comparison of input apd calculated <p> values -

"

~l’tum;'; Input = D,z D,? <D,>? '_ <D,>* - Error®
' (hm) ~  (nm) (nm) (nm) . (nm) L(%)
GENE!  1.00 . 0.99 . - 1.02 .07 1.12 12,0
GENE3  3.00 3.34 3.25  3.05 3,07 2.30 .
GENES 5.00  5.18  5.18  5.12  5.17  3.40

g | | |
GENE10  10.00 10.14 10.17 10.07  10.17  1.17
GENE20 . 20.00 --20.33  20.25 J20.§7 20.31 1.55

GENE30 30,00 . 30.34  30.32  30.3¢ '30.28  0.93 |

GENES0 50.00. 50.78  50.67 - 50.15  50.24  0.44

]

qyﬁ represents crystallite size based on half w1dth
Equation 3. 2

*D, represents crystallite size based on 1ntegral w1dth
Equat1on 3.2 .

’D, is the Fourier .area welghted crystalllte size based on.
Equat1on 5.13

H

‘D is the Four1er volume weé&bted’prystalllte size based on
¥ Equation 5,17

'Error is calculated by [(<D> —Input)/Input] * 100%

Var1at10ns %&av were examined in the final case. Two

h A1

4;h:conta1n1ng only 10 and 30 nm (D1 = 10 nm

proflles. Epe flrst proflle was generated w1th V, = 0 75

and V, = 0,75, and the second prqfile was generated with v,

bt 3
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. - . ' .
= 0.25 and V, = 0.75, The <D,> values for these two distri-

butioné are 15 and 25 nm, :eépectivgly. vThe'generated pro4
files and the results of the Fouridy anaiysis for these two
distributions are shown in Figure 5.11. The results’iﬁ this
fiQUre show that not only afe the average sizes regenerated
‘accurately but the {glativé abundance of each crystallite
size is also reproduced accurately.

The above testing of the fXPRO program demonstrated
that accurate average Pt cfystallite sizes and réi}able-
crystallite size distribution are ogtaingd from pure
diffraction profiies'by the preyiously descEibed methods and
compufational'procedures employéd in the computer programs.
It is\now necéssary to demonstrate that the broadening of
ﬁhe pure diffractioq profiles obtaiﬁeééfromzthe measured XRD
‘patternS'foé sﬁppbrted metal catalysts is.mainl§ due to size

. broadening.

S.S'Test for Str#in Broadening

'inzéﬁgbter 3 the'méthod;for separating size ané strain
broadening were described ané Equation 3.5 and 3.6 can be
used to detérmine whether strain'broaqeniné ié significant.
However, several diffraction lihes-fér the same sample are
requifed to uée Equétiop 3.5 andi3.6.- Hehcé, diffraction
patterns for two'catélystvsamples, [1 wt% Pt and‘5 wt% Pt
(Cataiyst GC3) a@tér treatment}iﬁiog at 700°C] were meaﬁﬁredl
“from 30 to 90 °26. All five Pt lines, [111, 200, 220, 311

. and 222], we:e readilyfaetected in both samﬁlés (see Figure
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5.1 for 1% Pt cataiyst).' The;1%hﬁ
Catalyst GC2 (i.e, 1 Wwt% Pt on .e‘i)f;t'q
preparatioﬁ th to be'%sed sshnq,ff;;‘ samples of GC1‘§nd

GC2 wete no longer available. The breadtﬁ of each.of the
five lines was determined for.Cauchy<andiGaussian line pro-
files. The values of B are plotted as a function of.#6

. according to Equation‘3.5 and 3.6. In_the'absence,bf’sirain
br%adening} the lines shduld have zero skppel The ﬁi&ts in
?igures 5.12 and 5.13 do not have zéto\slopes, but the
deviations from zero are small. The deviations from zero
slope are .within the gxperimentgl error of determining B.
Hence, it is conclﬁded that strain broadening was not sig-
‘nificant for thé catalysts examined in this wotk,.ana’Ztréfﬁz
" broadening was neglected in all the crystallite size  ‘ ' fka
analysisvpresentgd in Chapter 6. Sashital et al. (34) élsof;f.w
* concluded from x-ray studiesvthét strain broadening was no£,‘

: L %,
significant for Pt/SiO, catalysts: o
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',rof K. in Equatlon 3. 2{

;”'@ i

3& X ray d1ffr‘rtlon results 're aYso compared w1th hydrogen | E

- 6. 1 Introduct:on

‘»size dlS

£

LY

6.. RESULTS AND DISCUSSION ~  *

Y

e
v
< . : ' [

One of the ma1n object1ves of thls work was to "-‘ »

demonstrate that XRD can be used to obtaln Pt . crystalllte

o

%
size 1nformat10n for Pt. on a SUpport (y Al 03) whlch causes

s1gn1f1cant 1nterf§fence w1th the Pt d1 fractlon i1nes. It,

»

has been demonstra‘t@ 1n’ hé"*ﬁrevmus g

‘hapter that pure Pt

111 11nes can be obtaln yﬂappropr1aﬂe subtractlon and

subsequent smoothlng of the lxne prolees. Anoth@r objec—

t1ve was. the determlnatlon of changes in Pt. crystalllte

<

51zes as a funct1on of Varlous thermal treatments. .

In thls chapter the .calculated Pt crystalllte S1zes and

f'utlons for th' var1ous catalyst samples de-

scrlbed 1n Tables. .5 are presented and dlscussed

Sy

chemlsorptlon results.

N

6 2 Average Pt Crystalllte Sizes -

In Chapter 3 the'determinaé?on of‘average cry ta111te.f
s1zes by the SCherrer equatlon (Equat1on 3 2) was<Ze5cr1bed.

In Tables 6. 1 tb\ﬁ 4 the Pt crystalllte 51zes based on’ the

nw1dth at half he1ght <Du@ " and the 1ntegral w1dth <D >,

are'tabulated for@all the catalyst s le& exam1ned Valuesi
7fu;l“

[

fv
b ‘.ov \

to

g@w?o and 1, 0 were used tor
; .”."‘- o "i

The area average

fly-
S W

" ‘:, N

Q.
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. * Table 6.1 Average crystalllte sizes for Catalyst ’GC»1,
S » (1 05 wt% Pt/'y A1203) @a . '
Runs <_D1/27>L <D;> »"'<D'a‘>‘ <Dv>  Dv/Da 'Fraction -
e | (om).  “(nm) © (nm) (am) . Pt Detected :
| ccx-i‘ : 1;.8 10.0 .7,31 ‘w16.o BRIV »ao;z( IR
Ttz 0 15.8 10,57 7.8 11,4 146 0.42
GCT1-3 1é.5»' 1.7 9.4 Q2.5 1.34 0.59
Geg4 1707 13,9 1001, 13,5 'a1,3ﬁxfi’ 0.40
,Gé{is LI ;J4;45"~1036 ?f i;;s 1,29 0.48
GC1-6 ;57.0._, 16 | 8.3 _12.2 0,69
Gc1-7 .ﬁ7;3 -14.4T' 8.8 12,5 . .~ 0.75
) 'GC%¥8"-  &6.9 L 13.7 &{f 9.1 " 12.4 | | 0.72
ec1-9 2003 - 15.9. 10, aif 144 1.33 . 0.46

b
-

GCc1-10 ©° 20,8 - 17.5  11.6 . 14.8 1,28 , 0.26
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W . .
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+ Table 6.2 Average crystallite sizes for Catalyst GC2

Y
R

;,Gcé-4'.; © 213 2.8,

-

(1,12 wt% Pt/y-Al.0,)

Runs <Dys> <D;> . <Da>  <Dv> _Dv/Da  Fractipn
. (nm) K (nm)  (nm) (_r}m)',._uu Pt Detetted .
— \ . » S

Tec2-1. - 1.5 1.9 . ~2.0 2.0  -- . Q.15

-~

- GC2-2:- . 3.3 .34 5.0 5.4 . 1.08° . 0.90:7.-
L Ge2-3 T U301 7T 3.2 49 . 5.0 1,02 7 -0.69
8 B - o : . LT . L o ©

4, 4.8 a7 <0087 0.26
ez 3 36 als a1z ojise
S
5

- “GC2-6 7.9 . 6.6 . 6.3 . 7.6 _ 1.20 1400
Gc2-7 | 10.9 9.8 | 9.0 1.15.  0.68
, 10.3 . 8.8 -

GC2-9 | <2.0 . <2.0

N

Gc2-8 7.9 1.32°  0.68
. <2.0 195“5 1 0.00
Gc2-10 - 6.1 5.4 - 6.9 1.09 . 1.00

| tgﬁsja 1.28 VJo;sdf"
20,3 1.56 1.00

Ge2-11  14.9°  10.1

Ge2-12 ~ 22,1 23.9

G213 206 31.6 % 118 2.2 2.08 ,  0.20
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Table 6.3 Average crystallite sizées: for Catalyst GC3
: (5,06 wt% Pt/y- A1203)_

Runs <D1/2>  <D;> <pa>' = <Dv> . Dv/Da Ftéctiqn '
' (nm) (nm) (nm)  (nm) = . Pt Detected

6C3-1 . 2.9 3.4)
. 3

v

:4..8':'-‘ .“\.'-.1.98"“'.'“ 0' 3‘7"’ " >

v 9GC3-2 2,90 2.9 0.63 o

4
‘";¢,G¢3— 95 . 9}{»‘.“g0,4:'
‘ "BC3~ b;';ﬂ.S« ‘1.0,1- . | 8.8 - ‘;-10‘1

| 9.4

<,$c3 5 A28, 0. 6

0,93,
oe
0.46 o

tees- 5'.«.-13.b fj 11.3- .. 9.8 1 11 3‘ 10.64°
‘Gc3—7.A' 1308 1.0 ‘W KX Y ;o 1. 7120 0.5
6c3-8 s 023 0 2.5 e s, 30,113 oa1e
Gg? 9 . 16,0 12,7 ‘40405\312.6- .11366';1;06",il
- T W Bt
GC3-10 . 6.3 .7 416,4 '5.85 7.0 4. 2T . 0.32

S
U W e
. . : o ]
r 1, o, . @
\ ' ; . . . '
. » _ N NN ol
L ) AN . : £ S

' - R .
4 Table 6.4 Average: crystalllte s1zes for Catalyst GC4 _
o (5406 wt% Pt/y-A1;0,) fwtlﬁg,; S -~

- —— .. = - - . —“‘
Runs <D,/2>'.~<D;> .<Da> . <Dv> - Dv/Da Fraction
- # Anm) | (am) +(nm) ..  (nm) . Pt Detected.

. = 5 .
. 2 ~ -,

‘ec4-1 5.7 My 5.8 6, 1.14 c0.32 . iy

6
1 eC4T2 4.1 3.8 . 5.4 58 1.26 0.50

6
6
6C4-3 85 - 7.7 7.4 8,0 110 0092
o _.s¢4-4: »;~A8;3' | 7‘8&.'f17-5ﬁ . égg%'g~f;ro \$SHO;87‘. |
> 5GC4'5;-,':‘§Q;\ 79 :_7f8;;,'_8 g f;:1;jé ) .76 o

K . \ '_Q S K U : : . . o
GC4-6 . 11.9  9.17 8.7 10,30 1.18 0.5




" sizes, <D,>, and the volume average sizes, <D,>, obtained by

aFour1er analys1s are also té‘hlated in these tables (see

Equations 5.13 and 5.17). -

The <Dy> values' from the Stherrgr equat1on are volume |
B we1ghted average crystalIxte 51zes (16); hence, the values

- » @q
SR of <D > and <D2> should be ap;:okzmately equal Examlnation ’

7<D'>'va1ues.‘ However, gor small average Pt~ 51zes the <D,>

“»

_Values are usually con51derably lower than the <D > values.
There are¢two main reasons for the drfferences among <D >
~ ' and .<D,>: one,ythe numer1cal-dlfferentlatlon of the Four1er‘

. Qcoeff1c1ents 1ntroduces errors 1n P, (D) and hehce, <D,>; and.
o €

 twogdhe Four1er analys1s does not 1nclude Pt crystalllte [

_;‘smaller than about 2. 0 nm in d1ameter, but i’e <D > 1nc1udes

21. )

»h, some of the smdller Pt crystali1te« 'The f1rst reason

'accounts f%p the dlfferences,among <D;> and <D5’ for average

-~

51zes 28.nm, whlle the. second reason 1§'the cause for the K;

b»dlsagreement at the small average.Pt 51zes. ‘ o g
v ) .
> The ratlos of <D, > to <D > reported in the tables are

S an 1nd1cat1on of‘the breadth of the 51ze dzstr1bﬁtlon.~ A"
D /D, ratio equal to un1ty means that all Pt crystallltes

' detected have the same 51ze. The larger the value of D /D,,_

. ~ - .'. .
s, . 2]

”’the broader the Pt crystalllte 51ze dlstr1butzon.

shapes of the Pt crystallzte 51ze dlstrlbutlons w111 be
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’

* -

" of the Pt. 111 'li‘i,s given by: -

maximum mtig{tg oc;:urred. 'I'he valpes of,A,m.for;each of

\ . Y L e ~ N " N
. o N VAP .
: Y . ! 3 . ’
e . g' Gn .
¥ * "’ui}n.. .
e

dzscussed in Se&tjpn 6 P

. The- fractlonsﬂaf Pt detected in the Pt 111 11nes are
tabulatect in the f1na1 columns of Tables 6 1 to 6.4 All
the P.t m a” sample scatter;sdx—rays, but not all the“
scattered x-rays cont‘rlbute to mg,ennt)w of the diﬁtractlon -

oot J.») o

lmes. For example,}smail Pt cluste

contamm@ a f.ew

atoms, (e.q. <10 atoms) do not Jxave we‘ll ‘dev ' bl

.‘,
i3

dlffractlon lmes.' . "', o NS

» The fractloqj of Pt whieh c‘qntrit?/utes to the intensity

. R
. .. - | . . . e
e - X= A,/Auu [»6.1_»]’
. . - . ‘ . ’ e ’ . A2
A= ‘the ar” under: the Pt’ 111 llwox‘nm
sample i
(_.J,‘ "A,m = the area dnder the Pt 111 11ne for a d’eftalyst
".‘\""‘. . T4 ‘(ﬁ - Y
¢ - of the same compos1t1o‘ as sémpl@ but :m
: whlch all the Pt 1s detected bm
s . ; ; ] ‘ ' ‘,n‘

'I‘he values of A were obtamed iar each sample by. .

1ntegrat1ng the f1tted functmn F (20) (quuatlon 5. 3) over- ‘a
range of 8 °2@ 4° on ‘each side of the 20 Valug/aé Whlch the ',

.

oa .
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the four catalysts was taken as the values of A, for a -
.heavily santered sample of each catalyst.‘ The valuei&of A"M‘ h

were ;;TﬂﬁrJB 7 317 0 (c/s) - (°29) for cétalysts GC1, GC2 '~
¥ .
and GC3, respect1vely. The value of A for catalysts GC4 ;

‘was the sanf .as that for catalyst GC3, since these two cata-

1ysts had the .same Pt contentkand the same support.-

®

. The, Fouriet method of analy51s used in the present work
' detects Pt crystallltes down to about. 2 nm in size. Hence,

_thé ﬁract1og of Pt detected in ‘the Pt what 1s pvesent 1m. gs%»?
5‘\

g crgstalllt%s 22@@ nd. “eplig.- ftacft?ton of xRPt,;,7 da;ected@ﬂas‘ to be

"known in grder to cémpare XRD results With chemlsorpt1on re-

v

'sults.

A ..
.

6 3 Compar1son of XRD and Chem:sorpt1on Results ‘ - 1

Ea

4.2 t 4. 5 is to convert the size. 1nformatron obtalned by -
. o

.- XRD 'vto Pt dlsper51ons. The relatlonshlp between Pt dlS‘ b

pers1on, %, and area average crystalllte sxze s.
. . ')

" e= 1.07/<D> - \‘ L [6.2)

with <D,> 'in nm,

\

N A - v

'Equatlon 6 2 1s based on spher1cal Pt part1c1es (or
hem1spher1bal Pt part1c1es wzth the flat face in contact

"w1th the suppbrt surface) and an drea of 0. 084 nm’ per



surface Pt atom, The area of 0.084 nm® per surface Pt atom
is the average area per Pt atom for Pt atoms located in the
three low index planes, i.e. the Pt ('11?«‘?‘ (100) and (110)

surfaces have areas per Pt atom of 0 066 O 0770 and 0.1088

'nm?, respectiJEly. iﬁhat1on 6. 2 1s valld for Pt part1c1es‘?

22.0 nm, s1ncg at smaller sizes the

considerations, e.g. spheirical part' les,'becqmﬁiinvalid

3
Hence, Equat1on 6 2 can be used to calculate the d1sper51on
LY .

of the XRD detected Pt. - B
The Pt not detected by XRD 1s ‘présent fﬁ'Pt crystal—

t11tes smaller than 2 nm and thlS undetected Pt has a disper-

sion between 0.5 and 1.0. Hence, a range.Qf Pt dlsper51ons
can be calculated from the XRD results. The, ;owet limit of

thls range ;s obta1ned by. assumlng that the XRD undetected

;‘Pt has a dlsper51on of 0.5, 1te..

¢

low

= 0.5 - x[0.5 - 1.07/<p,>] = ' . [6.3]
_ ' ) 2 "
o~ L ’ | ®
~ The upper limit of the dispersion from the XRD results is

. cglcdlated by assuming the XRD undetected Pt has.atdiaperl‘_

sien of 1.Q, i.e.: E B S A

-~

[6.4]

f‘fy_ .

. Wyp=11.0 - X[1.0 - 1.07/<D,>]

»

-
o 2

'The results -of hydrogen chem1sorptlon and XRD ace compared

B

1n Tables 6.5 to 6.8.

»
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Table 6.5 Compar,ison of hydrogen chemisorption and XRD .
repylts for Catalyst GCH1

.
' ‘Hydrogen: - Range of Pt Calculated -
Run Uptakes -~ . . Dispersigns Dispersion. of
(H/Pt) .~ - from XRD Undetected Pt -
GC1-1 ' 0.44 10.43 - 0.82 6.52 -
GCc1-2 - 0.42 - 0.35.- 0.64 - . 0.62- é |
.GC1-3 0.53 0.27 - 0.48 . 1.13 -
Ge1-4 . 0.47 0.34 - 0.64." ST
eci-s 0.55  0.31 - 0.57 . 40.96 L
o LE : . ‘ S
gers 041 0% - 0.40 5y ‘&“\]“;b.a;’ .
GC1-7 #.35. ° 0p.22.- 0.34 1,04
GC1-8  0.25  _8<Z3 - 0.37 . -+ 0.59
GC1-9 C0.58 G:Z— 0.59 . 0.99
GC1-10 " 0.82 . 10.35 -0.76 1.9‘6

~y



Table 6.6 Comparison of hydrogen ghemisorptien and XRD
‘ results for Catalyst GCZ | -

el

EE Hydrogen'  Range of Bt ~Calculated
Run . Uptakes  Disparsiofis Dispersion of.
' - “® (H/Pt) from XRD Undetected Pt
Ge2-1 70.86 . 0.51 - 0.93 0.92
6c2-2 0.08 - 0.24 - 0.29  -T.13
GC2-3 41 0.30 - 0.46 - 0.84 o
GC2-4 . 0.43 - 0.80 0.94 °*
‘ ] A . e K ..
. %GC2-5 - +0.74 0.46 *#0.89 9,83
. : LI : + o *
GC2-6 0.19 _ 0.17 - 0.17 PR
S B s L A
GC2-7 ¢ 0.20 0.25 - 0.47 0.3¢
GC2-8 n.m.’ 0.28 - 0.44 - S
.. / ‘ B R w’ . . .
GC2-9 40.94 0.50 - 1.00 ~  0.94 |
' GC2-10 - 0.23 0.17 - 0.17" v --
Ge2-11 0.19  0.21 = 0.31 °  0.42
GC2-12  0.04 0.08 - 0.08 -
. . ) _ . ‘ )
GC2-13 . 0.61 -~ -0.42 - 0.82. . 0,74
o L]
n.m. = not measured -, - . - )
,' e e
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‘Table 6.7 Comparison of hydrogén chemxsorptxon and XRD 
results for Catalyst GC3

(? Hydrogen Range ofv;§> Cglculatéd' e
\\§un Uptakes . Dispersions ispersion of
_ (H/Pt) from XRD. Uhdetected Pt 3
~ ‘\ Co n‘ . ’ f‘f‘:“a’" . .
GC3-1 n.m, 0.40 - 0,72 - , ==
GC3-2 0.49, 0.32 - 0.51
423—3 . 0.15 - 0.14 - 0.18
GC3-4 0.18 . 0.16 - 0.22
GC3-5  0.37 0.23 - 0.38 ’
GC3-6 . 0.40 0.25 ~ 0.43 #o-
GC3-7 0.52 ©  0.27 - 0.48
' ' g L v
GC3-8 0.94 0.45 - 0,85 ~ < 1,110
‘ L e
GC3-9. 0.11 - 0.11 - 0.11 L »
~ GC3-10 0.95 0.40 - 0.74 . 1.31 |
5\
TableI/Ab Cdmpar1son of hydrogen chemlsorptlon and XRD
results for Catalyst GC4 S - A
Hydrogen ‘,Range of Pt calculated .
Run ~  Uptakes . Dispersions Dispersion of
- (H/Pt) from XRp Undetected Pt
- - /
GCa-1 . N 0.40°-0.78 - == T
‘ece2 70,53 0 0.35-0.60 G 0.867 " . -
GC4-3  0.17 5 -0
Gc4¥4 T 0.22
Gc4 5 : 0.42
GCa-6 . 0,54 -

n.m. = not measured '
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~and ¢, are the same since X

) - 4 B T
| N \ N il - % . . .
* . i ; La
4 v e .~ . i

listed in Tables 6 5 to 6 8

GCZ 12 and GC3- 9) For these ‘ ns Ehe valueg of va

(¥
Comparlspn of the-H/Pt

ratio with the values of‘d1_f' ¥ an ohgaxned by XRD shows

that the maximum differenc

hydrogen chemlsorptlon and”XRp is 0 06. Th1s maximum d1f-

ference is well w1th1n the accuracy of the measurements.

The reproducibility of H/Pt ratios is about 10.03§\-The

accuracy of the average Pt crysfallrte‘size is.probably‘no
better than +10%, and the reliability of the fraction of Pt
detected is +0.05 at best. Hence, the agreement of XRD and
chem;so\rktmn re&lts for cases in wh‘1§:h all Pt.is detectedr
by XRD is excellent. Compar1son of the .results for which /
not all the Pt was detected¢Gy XRD- and for which H/Pt ratlos
were measured (32 runs) shows‘that the H/Pt,rat1o for 20-of

the 32 runs fall within the ranges-of dispersion'caloulated

-

from XRD measurements. If one oonsiders the above-mentioned

errors. in H%Pt X and <D >, then agreement among XRD and

t

chem1sorptzon is obtained for all runs except Runs GC2-2,

".'?.'-jk,»‘.'l‘ o v 81

W veen the d1oper51ons based on

GC3 8 ang - qu 1 wThelleason for the lack of agreement for-. /

[ B

LY ‘but low H/Pt ratuos have occas1onally been observed after

3 ' ?’

h" ¥ . qn-» "

for Runs GC3- 8 and GC3 10 are probably too hlgh 51nce over‘

- four hydrogen pulses vere adsorbed dur1ng the hydrogen

uptake‘measurements. The dynamic pulses method 'éh'

- . . . \

‘ Run GC?-Z (after treatment 1n the He at 800 C) is not known,

XS A ' ‘.
1reatment in -~ He at Hﬁgh temperatures {54). The H/P; tatroéke/f

[—



| °‘§%estimateé'tﬁe'hydrogen uptake if several pulsee &t 5§;f

' {

i o ' . : ‘ ' . . .v' .

«drogen are requxred to saturate the sample because desorp--'.
v

tion o; rogen occurs between addltxons of pulses (21)
An ther meghod of comparing the‘chem1sorpt1on and XRD

'results 1s to caiculate the d1$pers1on ot the undetected Pt

which is required to obtained on overall dlspersxon equal tn'

the H/Pt ratio. The calculated dlsperexon of XRD undetected

Pt, ®,,4..» 15 given by:

Finaee= [(H/PE) © 1,07 %/<D>1/01 = K] [6.51

[y

The values of de“ are listed in the last columns of Tables
6.5 to 6.8. Values of &, between about 0.3 ard 1.2 are
‘within the accuracy of the methods. The values of Qmmn of

Run GC2- 2, and to a lesser degree for Run GC3-10, are the

'only values whlch show a sxgn1f1cant d1sagreement between

.chem1sorpt10n and XRD results.

»

The Pt d1sperszons calculated from XRD results were-

- based on <Da>, and <D,> was‘ohtalned from the Pt c:ystalllte

4

size distribution. The good agreément obtained between XRD

. and chemlsorpt1on 1nd1cates that the Pt crystalllte s1ze
';wdlstrlbutlons preseﬁted ;n the next sectlon are reasonably

accurate. o 3 ’ﬁ’

)y,

P

/
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'sequentlal treatments of Catalyst GCl. seﬁ«Table 4. 2 for de-

)

shown 1n Flgure 6 . The dlstr1but10 s shown ‘n the flgures

gy

are surface\area welghted size dlstrlbut1ons, 1@e.° P, {D)

'g1ven by Equatipn 8.10. ﬂowever, the dl\strlbutlon functlons

Have been normallzed saﬁthat the adea under the curves ls ét

equal to the fractlon of Pt detected by XRD "}le.:\'.
] - B A

RS R . :
hd N . . \

. - ' ! - ‘./' R . . \ . ‘, .

N\

' Examlnatlon of the crystalllte si?e dlstrlbutlons 1n

-

Figure 6, I leads to. the follow ng observatlons fow the

. . v,

.-

scrlptlon “of treatments)

1. Treatment at 510° C in aﬂ atmosphere conta1n1ng CCl“

+ .

.- ‘resulted in an 1ncrease in the amount of Pt detected s

¢ - N L

without 51gn1f1cantly alter1ng the Pt crystalllte size

dlstrlgutlon (cf GC1-1 and GC1 -2)

2. ‘Treatment of GC1- 2 in O, at 550 C further 1ncreased the

fractlon of Pt detected and changed the crystalllte size
dlstrlbuthn» i.e. Pt crystall1tes <5.0 nm. essentially’.
'disappeared from the d15tr1butron (ct} GC1-2 and

ch 3. | |

3. Treatment of GC1-3 at 510°C in.an atmosphere conta1n1ng

/

1



-

ﬁuu uwbmumu 10J. ﬁoSdprSma mwﬁm oﬁ:mum%uu aw m.:pmi

(wu) mﬁm Eaﬁ@&u
o+ ot o0z 6T 0 - o0e 0z 0 _ 0 06 _ 02 0l 0
p—109 1
- <

.. ng
| [~109 -
‘ . o . \. -
.\T.... ) ] B ’ | ) . J

]

00 0

, NOI.LDEIIHLSI(I_

Y00
800

AN



ﬁuw umbmumu .Ho.,w coSdﬁbmS ,wNHm oﬁ:mum%.ﬁu 19 w.;mﬂm

L 9

.

’ ) "
!

:vmzdsa.ouv

ra

L ¥

. n
AEE cyAty maaﬁm»mu .
(1] 2 0E 02 ot 0 ] 02 of
4 o . ‘
1. - 6—409 o
> -M ¥ M T M T - Y v
»

¥0°0

80°0

'NOLLAMIY.LSIA

‘¥0°0

80°0

Ay



4.

GC1-4 and GC1-5). o !

L éG_H

CzHCI decreased the fract:,on a,of Pt detected but did ‘ot

greatly alter the shape ¢f the d1str1but10n (cf. - GC1=3~
t‘%’ e . . .

‘and GC1- 4& \ B o | w
Treatment of GC1 4 1n Oz at 556'C result‘ed in the

‘format1on of small but }BD detected crystallltes (cf.¢ )

T
&

.\ =

uTreatment of GC1- 5 in atmospheres contalnlng HCl ‘at low

concentratlon (0.05 mol%) resulted in a 51gn1f1cant
/ .
increase in thefamount~of Pt deteeted,_ This addltlonaJ

a——

XRD detected-Pt»wés present as <5 nm crystallites (seeiL

GC1-6)

'Tredtﬁent'of CC1—6'1n 0, at 550°C resugted in the disap-

pearance of the small Pt crystallltes and a small

“increase 1n ‘the amount of XRD detected Pt (cf. GCi- 6l

5

and GC1—7) o . A

Cx . :f

Treatment of GC1-7 in an 0,-N, mixtute conta1n1ng HCI*‘
t

(0 08//61%) resulted in a shift of the dlstr1but1®ns to

4/

smaller sizes (cf. GC1-7 and GC1-8). e *

Treatment of GGL?8 in an atmosphere contains higher con-

’

centration of HC1 (0.4 mol% ) caused the disappearance‘
of tite smeller Pt crystallites; these became so small

that they were no longer detected by XRD (see GC1- 8 ' -

)

- GC1l- 9 and GC1‘10)
» ‘,‘\
{

The'sequence of'treatments for Catalyst GC2 resulted in

the followlng changes in Pt crystalllte size dlstrlbutlons

.‘1 L]

»

(see Figure 6 2.and table 4.3): : ' 5

3

3

Treatment in ‘the He at 800°C resulted in relatively

13
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narrow size dxstrxbutlon with low average 31zes and most

" of the Pt was detected by XRD (5ee GC2 2, GC2- 6 and ;
-~ ‘ -

GC2-10) _ .

"oy

Treatment in 0, at 700°C after treatment in“He‘at 800°E

‘.

,resulted in a decrease in the amount of,Pt detected and

a sl1ght broadenlng of the 51ze d1str1but10n (see GC2-7

and GC2-11). Subsequent treatment in O, at 800°C
resuitedhin further broadening of the size distribution
(GC2-12). t |

Treatment in atmospheres containing 0.4% HCl resulted,in’
decreases in the amount of Pt detected (for the case of
GC2 9 no Bt was detected).

Treatment in Cl,~containing athssphere caused a.large

r : .
decrease in detected Pt and the disappearance of Pt

crystalliteS'smaller than 10 nm (see GC2-13).

o

The behavior'of the 5 wt% Pt catalyst (GC3 and GC4) y

L

were similar to that of the 1% catalysts, i'e. treatment in

Oz at 700°C and &00 C resulted in broad size d1str1butlons

(see Figure 6.3, GC3 3 and GC3-9), and treatment in'He at

Figure 6.4, GC4-3), andj}reatment in atmosphere containing

fBBQiQ\ESsulted in relatlvely narrow size dlstrlbutlons (see

-

3.25 mol% Cl, resulted .in decreasgs in the fractions of the

Pt detected (see GC3-8 and GC3—10) Pt redispersion also

occurred at lower Cl, concentratlons (0 06 mol%) but the Pt‘

Y

‘redispersion was much slower (see GC3 6, GC3- 7, GC4—4; GC4-5 -

and. GC4-R) .
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, .
The influence of 500°C treatment in hydrogen wag dif-
ferent for the 1 and 5 wt¥% catalys‘ . Treatment of the Hx
Pt catalysts in hydrogen did not affect the Pt average crys-
tallite sizes, the size distribution or the fraction of Pt
detected., However, tﬁgatment of the 5% Pt catalysts in hy-
drogen caused s1gn}f1cant increases in'the amount of Pt
detected but the average crystalllte sizes and the shapes
o?'the s1ze d1str1hxt1ons were not changed apprec1ably (see
GC3-1 and GC3- 2 Figure 6.3 and Table 6.3; GC4-1 and GC4-2,

. N
Figure 6.4Jand~Table 6.4). The observed changes in size
o :

+

distribution and fraétioﬂkofAPt detected by XRD provide

»

C s . ' : . - . Y
insight into the processes occurring during theAs1nterlﬁb

and redispersion of Pt/y-Al,0, catalystsgy .

i =

6.5 Processes Occurring during Sintering and Redispersion

It is known that the composition of treatment atmo-

<

sphere has a pronounced effect on the sihtering and redis-

persion of supported metal'catalists (4,5,§,12).- The.

results of this study are in agrgement with thlS observa-

_tion. However, the changes in the Pt crystall1te size dis-

.

tribution further elucidate the processes occurring during

sintering and redispersion. All the observed changes can be
' 4 .

accounted for by an atomic (molécular) sintering and redis-

persion mechanism (9, 55-56) The atomic (molecular)
~
sintering mechanlsm con51sts of detachment of Pt conta1n1ng

‘species (Pt atoms in reduc1pg and inert atmospheres and

Pt—chlorine andﬁPt-oxygen species in chlotlne and, oxygen

N

f



o

(‘ ’ -
..V.'”‘ .,

containing atmospheres) from metal crystallites and '
m}gration of these entities.over the support'SUrface."The
4migrating'sbecies may become idhobilized at sites'on the

‘ r
support surface which 1nteract strong&y with the migrating
Spec1es (trap s1tes) or they may become 1ncorporated into Pt
crystallites upon &ollision with Pt‘crystallites.‘ Sintering
occurs when few or no trap sites are present, and redisper-
sion occurs if t;ép sites are present. The observed behav-

N ) . ' .

ior during the various treatments will be interpreted in
¢ : )

terms of this atomic.migration mechanism.
. ) N \\\

6.5.1 Treatments in Okxygen A
It has‘frequently been dsgorted that treatment of
chlorine-containing Pt/y-Al,0,; chéblyste in oxygen at tem-
perature <600°C results in increases in Pt dispétsion (i.e.

redispersion) (9). This. observation was\largely based on.
adsorption results. The H/Pt ratios for Runs GC1-3, GC1- 5 f/
(Table 4.2) are in agreement with th1srobservatlon 51gce
.H/Pt:ratios inCreaseé as a result of'pz treatments at 550°C.
Howevet, for Run GC1-7 treatment in O, at 550°C caused a de-
cn€§se fn the H/Pt ratio. The %t crystallite size distribu-
tfons,ghown_in Figure 6.1 and the fractions of Pt detectea,
reported in Table 6.1, offer .an explanation for this aﬁpar~

ent discrepancy.

Treatment at 550°C for all three runs resulted in

increases in the fraction of Pt detected by XRD nd in

" increase,ot averagefﬁf crystallite éize. It is usually



* "N . v
q}pectgd that increases in Pt crystallite sizes are )
acqompanied bé}decreasés {n dispersion (see Equation 6.2)

" even if the ffacEionvof Pt detected remains constant. .
However, the changes in the Pt crystallite size distribgtion
(see Section 6.4 and Figure 6.1) indicate bhat treatments in

0, at 550°C resulted in simultaneous sintefing and‘redisber-
Sigﬁ. Prior to the Oz.tr;atment, the undetecﬁed Pt was

present as ‘small (<2 pm) Pt particles with dispersions of ///
0.6 to 0.7 for Caialysts GC1-2 and GC1f4ﬂ(sgg last column of[
‘Table 6.5). Treatment in 0, at 550°C conyerted some of this

Pt into atomically dispersed Pt (i.e. Pt immobilized at

[

-trap sites) while some of the other Pt became incorporated
into Pt crystaliipes, This 'splitting' of the~s}ze.distri-
bution i?to a vafy Simo%zi distribution can reéult iﬁ
ipcgéaéeé in-average sizes of XRD detected crystallites and
increaseg in Pt dispersion. For treatments GC1-3 and GC1-5
. the redispersion (i.e. Eormation of atomically dispersed Pt)
dominated,‘while.for Run GC1-7 sintering (i.;i\\ncorporation
of migrating species into larger crystallites) dominated.
 The results’for O, treatment at 700°C demonsgrate the
sensitive balance between sintering and”redispépsion.
Treatments in Oi at 700°C of catalysts sinte;;d in He

resulted in a decrease in the fraction of detected Pt, an

increase/yi the average crystallite size of the XRD-detected

» ™

Pt, and relatively constant H/g} ratios. The crystallite
size distributions show that even at 700°C in O, redisper-

‘sion occurs, but sintering is more pronounced. Treadment in

s ! ’ -



"0, at B00°C only results in sintering. . o
, /

e

6.5.2 Trea%ment in Chlorine- Conta1n1ng Atmospheres

......... -

Chlorlne conta1n1ng compounds are usually used in the
‘9

regeneratlon o£;51ntered Pt/y-al 03 catalysts (57). The

“chlorxne has two effects:,one, 1t i creases the rate of

.

'r1des or Pt oxychlorldes)’
: ‘ . £
from the Pt crystallites, and two, it causes the}formatlon

dissociation of Pt species (Pt'ch

of trap sites. The results raporyed above show that theA

nature of the chlorlne compound and the concen#@at1on are -

N

"1mportant factors in the red1sper51on of 51ntered Pt/Al 03

g

»

catalysts. ‘The, least’ effectlve of the compounds studled
.’were CCla ‘and CzHCl3 (a subsequent Oz treatment, was requ1ned
ito 1ncrease Pt. d1spersloq) HCl was a relat1vely effect1Ve
”"redlsper51ng ag%nt ate hlgher concentrat1ons (0 4 mol %) . g
The most effectlve com ound for redlsper51on was: Clz. , R
Redlspers;on occurred ‘even in the absence of oxygen and at
temperatures as low as 450°C (see Ruris GC2- 13 GC3-8 and
iGC3-10"). _The rate,of-redrsperslon in Cl, wasidependent on
' the ClzbconcentrAtion-'increases in cl, concehtrations’f
\‘resulted in 1ncreased redlsper51on rates. ‘ i : ) -
. The treatments in tﬁe HC1 and chlorinated hydrocarbons
'dshowed behav1or simidar to that obtalned dur1ng'treatment in
ox&den;‘i e. both sgitering and redispergion?occurred simul;.
;taneouséy "~ The overall effect of a treatment, i.e.’ |
1ncreases or decrgkses in Pt dlsper51on, was dependent on'

L)

the,concentratlon of the—chlor;nefconta1n1ng\compound.

>
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W, r ‘ o .
. “ . , = . . : / ‘ ' o
Treatment in atmospheres containing Cl,, on the other haj?,

R = .
always resulted-in increases in Pt dispersionz/

é 5.3 Treatment in Hellum ) . FA

~ . i

1

Treatment 1n hellumualways resulted/ln sintering.

a

Slnter1ng in hellum was much slower thén 51nter1ng in oxygenh
. because the d1§soc15t10n of Pt atomsffrom Pt crystallltes is

‘much slower than the dlssoc1at10n é% Pt oxide specxes from .
/
Pt crysta&lltes.' No red15persxon’occurs in He 51nce the

‘migrating Pt * species "do not 1ntenact strongly with the sup-
dlport, i.e. there are no trap- 51tes for mlgratlng Pt atoms. -
lkThis'lack of trap sites results 1n.reLat1ve1y‘narrow Pt

crYstallites«sizeﬁd&strihutiods;‘ The behaviour during

‘treatment_ in Héiis typ;éal bf}that.reported'for'treatments‘

in reducing and inert/atmospheres‘g9).

/.
/

/o
-/

. . -
-~ A

~2.6.5. 4 Processes q curr1ng durlng the Reduct1on ‘Step
° All catalysts were reduced ip hydrogen at 500° C after
” each treatment/ ThbS reduct1on is requ1ned prlor to adsorp~

. tion” measurements since adsorptlon uptakes on unreduced cat-
‘!~

alysts do not correspond to-the-Ptfdlsper51on. The results ‘ﬁ ‘

N

for Runs GC3-2 and GC4-2 (5% Pt catalysts) showed that

sihterihg can occur .during reduction at 500°C. The 500°C

’

reductlon of samples GC3- 1 and GC4 1 resulted in increases

L
i)

in the fractlon of Pt detected w1thout s1gn1f1cant changes
\ii%n average Pt crystalllte 51zes and 51ze dlstr1but10ns, ife.

‘undetected Pt becomes 1ncorporated into larger it( S
. s ‘
i . L
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\ crystallites and new Pt crystallites areﬂformed by

nucleation of migrating Species. 'TheSe‘processes do not
K |
: -
occur to ‘a detectable extent "in 1% Pt catalysts due to the

B —— - e v P
lower concentratlon of small Pt Crystall1tes and

-

1nsuff1c1ent concentratlon of m1grat1ng spec1es for .

=~ nucleatlon of new Pt crystalfltes. ‘ g

- ‘ Reductfon of catalysts after treatment in oxygen or

chlorlne conta1n1ng atmospheres undoubtedly causes changest
in. the Pt dlsper51on. Pt complexes (ox1de and/or chlorlde)

w

. are reduced to elemental\Pt The reduct1on of Pt located at’

@ 1m1nates the strong Pt-support ”‘teraCtm” and

re that the resultlng Pt atoms mlgrate over the

* ¥ :7,,

‘3SUpp6 t fnucleate 1nto new crystallites or become

- {

_\M/incorp,ﬁtted 1nto existlng Pt crystallltes.: However no

studles were done on unreduced catalysts after oxygen and

chlorlne treatment It is recommended that XRD patterns be

T~

~’*———measered before and after reductlon 1n order to obtaln 1n-
formation’ on the effect of reductlon on Pt crystalllte size

vilstr1but1or1‘s. ? ' : S - S

6.5,5 Summary of Sintering and Redispersion Processes :
-, . Phe XRD results?haye added greatly to our underStanding'

of the sintering and redispersion processes. The most <

1mportant ‘conclusion from the XRD studies, which could not

have made, from chemlsorpt1on results alone, is }he s1multa—

L3N

neous s1nter1ng and redlspers1on whlch occurs durlng treat-

-~

ment of chlorlne conta1n1ng Pt/y- A1203 1n oxygen. The
# . K



- - S
T

formation of very bimodal Pt size distribution (i.e.
\ .

atomically dispersed Pt and large Pt crystallites) which ex-
ists during treatments in O, illustrates the delicate

balancé between sintering and redispersion processes.
The Pt crystallite size distributions can also be used

<

forvtesting the validity of proposed mechanistic models of
sintéring and redispersicn. -The XRD results presented in
vthis study show that Pt d&spersion alone is insufficient to

cxharacterlze supported Pt catalysts since the same Pt dis-

v

. persion can be obtalned for many dlfferent Pt crystalllte

7
size dlstributlons. ‘Hence, 51nterlgg modelsrwhlch ‘only use
. | : 7 .

. Tt ! P ’ | '_ . '
dispersion. or average Pt particle size,(6,7,58) as a measure

of the state of Pt cannot be used to'represent the sihfering

-

and redispersion of supported Pt catalysts.

v o .
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7. CONCLUSIONS AND RECOMMENDATIONS
The results presented in th1s.the51s have demonstrated
that wide- angle x-ray diffraction 1s ‘a very useful tool for
character121ng#supported metal catalysts, even for crystal—
-

11ne supports wh1ch causes interference with the metal

diffraction llnes. It 1s concluded that the metal crystal-

lite size information (average 51zes'and size distributions)

-

obtained from XRD measurements by the methods described in

- Chapter 5. (support subtraction; smoothing and gourier

L

analysis) are teliable beCause good agreement is obtained

kR

“with hydrogen chemlsorptlon ‘results. The sfze distributions

obtalned from XRD have aided in determlnlng the processes

which occur durlng sintering and redlsper51on. All’ the=re-
. ’ '

sults obtained can be interpreted in .terms of an atomic

migration mechanism for sintering and_redispersion: |

It is recomnended that detailed mathematical modelling
of sintering-and redispersion be~done using the infOrmation
on Pt crystalllte size d1str1but1on obtained during this

study It'is also recommended that 1mprovements be made,1n.

@

“the XRD data analys1s methods. Possible improvements in-

clude. one, development of ‘better methods ¥or. remov1ng the
‘support contrlbution from-the catalyst XRD\pattern w1th the
objectlve of e11m1nat1ng or reduc1ng ‘the need for basellneu
corrections; two, exam1natlon of alternate andobetter
procedures for obta1n1ng tHe second der1vat1ve of the

Fourier coeff1c1ents espec1ally in the 1ow Fourier number

range- and three, determlnatlon of more accurate 1n;egrated

o —_—

100 A w
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. areas for samples in which all the Pt is detected’by XRp'fn
order to 1ncrease the .accuracy. of the fract1on Qf Pt |

l

'detected by XRD Addltlonal ver1f1cat1on of absence of
strain for catalysts t:eated 1n various atmospheres is also
requiped. : , : , B
S y
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9. Apﬁendix A. Prbg;ams‘andzDocumeqtation

This appgndii contains listings of the computer
ﬁrograms and associated subtroutines used‘for the various
.calculations requiredlto obtain Pt cfys{aliiteﬂsizés and
size'distributiéns from XRD data. .The programs are wr:tten
in FSRTRAN for use on HP-1000 computers uhder the RTE6-VM
operating system. The 29—1000 cémpﬁtefs in thes®ACS Centre
of the Depgrtmént of Cﬁéﬁiﬁgl Engineering were used for all
the caltulations. Limited documentafion‘is also provided
for some bf the.programs;\ Additional documentation is given .
in the M.éq. thesis by Pick (2;.

The main programs and their functions are:?

Program XRMD, - used to subfraqt support XRD gattefns‘from
XRD pattern§ for supported cataiysts.
Program YXFIT -.used to fit subtracted XRD patterns with the
functionngiQen by Equation '5.3.
' Brogram YXPRO - used to compute the Fourier'coefficients for
' ) measuréd,'machin% aﬁa bure proffles. ‘
Progéam YXCOR - used to calcuylate the crystallite size dis
. triButions from £he Fourier coeficients.

. .
Program XPURE - used“to generate a'bure XRD profile from a

-

specified cry§tallite size distibutibn.

N

v . 106



FTN4

10

20
23

27

33

37

40

45

aO0nn

50

C

C
100
110

. ‘ ¢ 107

9.1 ﬁroqram XRMD

PRGRAM XRMD ¢

.PRERAM FOR CALCULATING THE X-RAY METAL DIFFRACTION .
INTEGER A,C,X ‘

DIMENSION IDCB1l(144), IDC82(144),IDCBJ(144) NAME1 (5) ,NAME2 (5)
DIMENSION NAME3(5)AIBUF(10) ISIZE(2)

DATA YSIZE/40,10/,C/0/,DJ0./,NAME]/2HXR, 2HAV, 2H00, 2HJU/
DATA NAME2/2HXR, 2HAV, 2H00, 2HJU/

DAT¢ NAHEJ/{HXP,2HTD,2H00,0,135/ -

. . ) »
_WRITE (1,10) ¢
~ FORMAT(/, 'ENTER THE FILENM FOR INPUT FILE 1') ;

READ(1,20) (NAMEl(J), J=1,3) ‘ .
"FORMAT (3A2) .

IF (OPEN (IDCB1, IERR,NAMEY, 0, NAMEL (4} , NAMEl(S)) LT.0) GO TO 888
WRITE(1,23)

FORMAT(/, 'ENTER THE SCALING FACTOR FOR FILE 1')

READ(1, *) SCAL1

WRITE(1,27)

FORMAT ( *ENTER THE INTEGER ANGLE SHIFT FOR FILE 1°,

& /,5X, 'DEGREES 2%THETA * 100') "

READ(1,+) IMV1

WRITE(1,30)

FORMAT(/, 'ENTER THE FILENM FOR INPUT FILE 2') - ¥

READ(1,20) (NAME2(J),J=1,3)
WRITE(1,33)

FORMAT (/, 'ENTER THE SCALING JFACTOR FOR FILE 2°')
READ(1,*) SCAL2

WRITE(1,37)

FORMAT ('ENTER THE ANGLE SHIFT FOR FILE 2') .
READ(1,*) IMV2

IF (OPEN(IDCB2, IERR,NAME2,0 NAMP‘(4) NAME2(5)) .LT.0) GO TO 888

.

WRITE(1,40) }

FORMAT(/, 'ENTER THE # FOR THE XPTD FILE')

READ(1,20) NAME3(3) ‘ :

WRITE(1,45)

FORMAT ('ENTER TWO POINTS FOR A LINEAR BASELINE AS. S
& /,5X,'IANG1,BASEl, IANG2,BASE2,") :
READ(I,')‘IANGI,BASEI,IANGZ,BASE2

BASEL=RK1*IANG +RK2

&
RK1=(BASE2-BASE1)/FLOAT (IANG3- IANG1) 4
RK2=BASE1-RK1*FLOAT (IANG1) -, )
WRITE(1, 50) ' N . ,

FORMAT ("ENTER "0" TO ZERO ALL NEGATIVE RESULTS') 2

READ(1,*) IZERO '
CALL CREAT(IDCB3,IERR,NAMEJ, ISIZE,3,NAME3 (4),NAME) (5
IF(IERR.LT.0) GO TO 888

IF(OPEN(IDCB] IERR, NAME3J, 0 NAME)(4),NAMPJ(J)) LT.0) GO TO BB8

DO 110 I=1,10 - -
IBUF(I)=2H ° N :

.
-
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C

C

20Q
210

610

620

777

888

CALL READF(IDCBLl,IERR,IBUF, 10, LEN)

"IF(IERR.LT.0) GO TO 888

IF(LEN.EQ.-1) GO TO 500
CALL CODE

READ(IBUF,*) A,B
A=A+IMV1

-IF(A.EQ.C) GO_TO 600

IF(A.LT.C) GO TO 100

DO 210 I=1,10
IBUF(I)=2H ‘ -

CALL READF (IDCB2,1ERR,IBUF, 10, LEN)

IF(IERR.LT.0) GO TO 888
IF(LEN.EQ.~1) GO TO 500 -
CALL CODE :
READ(IBUF, -) c,D -
C=C+IMV2 -
IF(C.EQ.A) GO TO 600 '

IF(C.LT.A) GO TO 200
GO TO 100

1END=1

X=A ’ .
BASEL=RK1#*X + RK2
Y=B*SCAL1-D*SCAL2 - BASEL -3
IF(IZERO.EQ.O.AND. Y.LT.0.0) Y=
DO 610 I=1,10,

IBUF(I)=2H

CALL CQDE
WRITE(IBUF,620) X,Y

FORMAT (15, 2X,F8.2)

CALL #hITF(IDcas 1ERR, IBUF, 10, LEN)
IF(IERR.LT.0) GO TO 888
IF(IEND.EQ.1) GO TO 777
GO \TO_ 100

IF(CLDSE(IDCBI,IERR).LT.O) GO TO
IF(CLOSE (IDCB2, IERR).LT.0) GO TG 8
IF(CLOSE(IDCB3, IERR).LT. O) GO TO 8
GO TO 999 -

WRITE(1,890) IERR

890 “ FORMAT(/5X,*TROUBLE IN FMP CALL.

999

'STOP
END

888
88
88

TERR=

'15)
i

108



FTH4
SFILES

NOONNNOO0aANNOA0ANN00

noooononn

10

15

20

N

‘&

9.2 ZI’roqr.\m YXFIT

0,1,
PROGRAM YXFIT(4,200).

PROGRAM USED TO g

-

l--- FIT THE RAW DATA TO THE MODIFIED*VOIGT PROFILE
2-~- DETERMINE:

PEAK YEIGHT
i - HALF WIDTH, IN RAD.
’ AREA OF THE PEAX STUDIED

3--- CALCULATE: %;.
A BETA(INT. BREADTH), IN RAD.
PHI (HALF WIDTH/]INT. BREADTH)
4~-—- STORE THE RESULTS TO 'OUT' IF DESIRED

e =

SUBSCRIPT(K) ~--REFERS TO THE ANGLE.OF TIME DOMATIHN
LOCATION

X(K){=ANGLE, DEG 2+*THETA
ANG“K)=ANGLE DEG 2#THETA*100
(1) =PARAMETERS FOR MODIFIED VOIGT PROFILF

]

DIMENSION IANG(500), RINT(500), RINTN(500)
DIMENSION PARA(16),PARMN(16) ~PARMX (16)
DIMENSION NAMEI(Q),IDCBI(144) IBUF(32)
COMMON X(500)

DATA NAMEl/2H ,2H ,2HJU,135/ ~
NPAR=8 ‘o .

IOUT1=1

IANGN=0

*e4x SPECYIFY INPUT #»wa=

2. PEAK LOCATION

1. NAME i
3. PEAK RANGE

WRITE(1,10)

FORMAT(/, 'ENTER THE FILE LOCATION OF THE RAW DATA')
READ(1,15) (NAME1l(I),I=1,3) —~
FORMAT (4A2) . i i

WRITE(I 20} -

T( ENTER THE APPROXIMATE PEAK LOCATION',
! THE FIT RANGE')

REA v +*) PMAX, PRANG

MINANA(¥IX((PMAX PRANG/2.) *100.)
MAXAN=TFIX ( (PMAX+PRANG/2.)*100.)

€ -
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ta

anAadhA0s’
. .

-70

75

noo

[oNeNe]

noo

nnoonhanno

0onn

999

60

.. STOP .
. END

s#*% DEFINE OUTPUT #ww#

1. DEVICE - o ot
2. ID CODE - -

3. ANGLE RANGE ‘ -

4. DATA POINTS o .

WRITE(1,60)

“FORMAT(/,'ENTER DATA OUTPUT DEVICE (1 TERMINAL 11=0UT) ')

\

OPEN(11,FILE='OUT::140') - o, -
READ(1,*) IdUT ' . * : :

WRITE (1,70) .
FORMAT ('ENTER THE CATALYST ‘IDENTIFICATION coos')

READ(1,15) “(NAME1(I),I=§,9) '
WRITE(1,75) Y

FORMAT (' ENTER THE REGENERATION WIDTH, _AND THE"',

& '(ODD) NUMBER. OF DATA POINTS IN OUTPUT;FTLE')

READ(1,*) WIDTH, IDIMR

NFOR=(IDIMR-1)/2 *

KCNTR=NFOR+1 -

T

###% READ INPUT PROFILE ####

, CALL NREAD(IDCB1, NAME1, MINAN, MAXAN IDEL, IDIg IANG; RINT)
CALL DIST(IANG, RINT IDIM)

B

ol ool ESTIMATE PAQ‘HETERS FOR BEST FIT falkdiodie

 CALL ESTB(RINT IANG, IDIM,NPAR, PARA PARMN PARMX) =

Ahh FITTING BY USING ROUTINE BSOLVE EEL

CALL FIT(IDIM NPAR Pﬁﬁ& PARMN, PARMX RINT IOUTl)

wksd GENERATE FIT?}NG PROFILE il
4 .

CALL NEWX(PARA IDIMR, WIDTH) .
CALL NEWPK(PARA NPAR, IDIMR RINTN IANG, RINT, IOUT)

~..

hhhi CALCUL.ATE Ahhh

1.,PEAK HEIGHT

2. HALF HEIGHT WIDTH

3.. INTEGRAL AREA

4. INTEGRAL WIDTH .

CALL RPORT (PARA, IDIMR, WIDTH, KCNTR, NFOR, RINTN, NAME1, TOUT) |

-
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c o 3 o
: FUNCTION FPRIM(B,X1)
DIMENSION B(8)
U=B(8) _
IF (X1.GT.B(3)) U=1l.
,DELX=X1-B (3) -
@jﬁ?l=8(l)*5(2)*5(4)/(1 +U*B(2)*DELX**2)**(B(4)+1 )
e 2-B(5)*B(6)*B(?)*(EXP(-U*B(G)'DELxﬁﬁz))**B(")
FPRIM=-2. #U¥DELX* (P1+P2)
RETURN o S C S N
END C - - *‘ B
Cmem e T o T T T e e e T e o e = i e o o e = e e o
e .
SUBROUTINE RPORT(B, IDIMR WIDTH, KCNTR, NFOR, RINTN, NAME1, IOUT)
COMMON X (500) ‘
DIMENSION RINTN(IDIMR) NAME1(9),B(8) >
RAD=0.01745329
HT=B (1) +B (%)
HO2=HT/2. _
c Co e . -
c ’ : . , ™
c : ‘ ‘
o NEWTON': MEZ+40D.TO DETERMINE XHLO AND XHHI o0
e . :
c ‘ _ '
XHLO=B(3) ~(B(1) "SQRT((2.#*#* (1. /8(4))-1-)/(8(8)*5(2)fr+
& B(5)*SQRT(-ALOG(O0.5%* (1, /B(7)))/(B(8)*B(6))))/HT
xxﬂt=a(3)+(a(1)*soar((2 **(1./B(4))-1.)/B(2))+ 2
& B(S5)*SQRT(-ALOG(0.5%*(1. /8(7)))/8(6)))/HT
DO 30 I=1,5 ’
XHLO=XHLO- (PK(B, XHLO)-HOZ)/FPRIM(B XHLO)
~ XHHI=XHHI-(PK(B, XHHI)-Hoz)/ngxn(B XHHI)
©'30  CONTINUE ‘ o
, WHAF=RAD* (XHHI-XHLO) .
c - y -
c : Y] -
CALL NALIN(PARA, IDIMR 'WIDTH, KCNTR NFOR, RINTN AREAl) :
AREA1=AREA1/100.," .
» BETA-RAD*AREAl/HT
' . PHI=WHAF/BETA _
WRITE(IQUT,60) (NAME1l(I), I=6,8) ;
60°  FORMAT(//,10X, 'REPORT FOR CATALYST: ',3A2)
WRITE(IOUT,65) (NAMEl(I),I=1,3)
65  FORMAT(/, 10X,'LOCATED IN FILE: ',3A2) ’
WRITE(IouT, 70) (I4B(I),I=1,8)
70

FORMAT (// ,10X, 'MODIFIED VOIGT PARAMETERS’,/ 14X,'I",7X,'B(I)"

'« /,8(/,10X,I5,5X%,F10.5))
" WRITE(IOUT,75)



75

80

85

90

95

FORMAT (/, 10X, '"MODIFIED RESULTS: '}
WRITE(IOUT,80) HT,WHAF .

‘& 2X, "RADIANS')

[

 FORMAT (/, 10X, 'REAK HEIGHT=" ,F10.5,/,10X, 'HALF WIDTH=',61PEl2.3,

WRITE‘( T,85) . R ,
'CALCULATED PARAMETERS: ')

FORMATYY, 10X,

)

WRITE(IOUT,90) ARER1,BETA

FORMAT (/, 10X, ' INT .AREA=',F10.5,/,10X, 'BETA=",1PE12.3,2X, 'RADIA}
WRITE (IOUT,95) PHI o

FORMAT (/, 10X, ' PH

RETURN
END -

I=(HALF WIDTH/BETA)=',1PE12.3)
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9.2.1 Documentatioq for YXFIT

This program is used\to fit subtracted XRD profiles to’ ‘a
Modified Voigt function with 8 adjudtable parameters (B(i))

The iﬁput'is:

/1.

ey

:i7;

. An

| REGENERATION WIDTH
the range of angle will output

. &

"(See Equation 5.3 for Voigt function)
.-

' o ’i- .
Fv =Y + 2 .
» ) ' T Zi
Y= B(l)/(l +B(8)*B(Z)*(X-B(J))**z)**P(4)
Z B(S)*(EXP( B(a)*a(s)*(x_3(3))*,2))**3(7)
L0

.

FILE LOCATION OF THE RAW DATA
subtracted XRD profile®

NUMBER OFfDATA POINTS

points = fit range / step
: ' 3 "

OUTPUT DEVICE g ;) ’

a temporary file ouT is used for‘storlng ou put data

APPROXIMATE PEAK LOCATION ) K. ‘
Bragg angle of the p,ea)% will be studied

FIT RANGE : S
angle range to be- sﬁudied . .

g\ l -

PARAMETER TO BE CHANGED
parameters fixed by user

example of the use follows:



{

N

:RU,YXFIT

5 ]

¢

ENTER THE FILE LOCATION OF THE RAW DATA '

TS208

- ENTER. THE REGENERATION WIDTH, AND THE (ODD)
'8.4,421

ENTER DATA OUTPUT DEVICE (lfTERMINAL, 11= OUT) ?

11

ENTER THE- CATALYST IDENTIFICATION CODE
TS208 .

ENTER THE APPROXIMATE PEAK LOCATION. AND THE FIT RANGE A

39.8,7.6

1

&

5 -

ENTER "l" TO APPLY ANGLE CORRECTION

"

R

oA

ENTER THE SCALING FACTOR FOR FILE TS208 ¢

DATA POINTS

14

0
INTTIAL GUESSES ARE:
GUESS .~ MIN - MAX
1. 8.51E+00 ~ 8.51E-02 4.26E+01
T2 2 R-01 1.00E-03 1.00E+03
3 3 CE+0Y 3.17E+01 4.76E+01
4 1.UVE+00 5.00E~01 . 2.00E+01
5 8.51E+00 8.51E-02 - - 4.26E+01
6 1.73E-01" 3.47E-03 - 8.66E+00
7 1.00E+00 " 5.00E-01 _.2.00E+01
8 1.00E+00 1.00E-01 1.50E+00
_ENTER THE PARAMETER TO BE CHANGED
0 o ,
1 " BSOLVE RE?RESSION ALGORITHM .
INITIAL GUESSES UPPER LIMITS LOWER LIMITS
-~  .851E+01 .426E+02 .851E~01
©.250H+00 .100E+04 .100E-02
.397E+02 <476E+02 .317E+02  °
" .100E+01 J .200E+02 . .S500E+00 -
.851E+01 . .426E+02 .851E-01
.173E+00 .866E+01 - .347E-02
~ .100E+01 .200E+02 . .500E+00
.100E+01 .150E+01° .100E+00
ICON = 8 ~ PH = .10960344E+04 ITERATION NO. = % :
: , . & ‘ .
"ICON = 8§ ° PH = .37020593E+03 ITERATION NO. = %
ICON = 8 = PH = ITERATION NO. = 3

$35206238E+03



ICON

ICON =
ICON =

ICON =

ICON =

ICON =

'ICON =

ONdAL B WN

ENTER "1

0

ICON =

ICON,

"“ICON

“

ICON =

ICON =
ICON =
ICON =
ICON =
Icon‘=

ICON -

3

D d N E N

8 PH =
8.  PH =
8  PH =,
8 PH =
8 PH =
8 PH =
8 PH =

3.85270360E+00
1.47134800E+00
3.96054310E+01

'1.66275070E+00

.34830737E+03
.3'7081303+03
.32874933E+03

«.32412946E+03

" +31918921E+03

.31420776E+03

.30974524E+03

1.22833160E+01

1.51525530E-01
8.76850250E-01
1.41629840E+00

" TO STOP ITERATIONS

8 PH =
8- PH=
8 PH =
8 PH =
8  PH =
7 . PH -
7 PH =
7 PH =
7 PH =.
7 PH’ =

3.23819400E+00
1.25901720E+00
3.96203230E+01
3.71274040E+00
1.31652910E+01
1.57846870E-01

N

-

.30651624E+03

-30481549E+03, .

.30417188E+03 .

+30392938E+03

.30380255E+03

.30371106E+03

.30365%882+03

.30357208E+03

.30351477E+03

 .30346246E+03

9.13295150E-01"

1.36125760E+00

ENTER win TO STOP ITERATIONS

Q

ITERATION
,
ITERATION
ITERATION
"ITERATION
ITERATION

ITERATION

. ITERATION

7-.

ITERATION
IT&RATION
ITERATION
ITERATION

ITERATION

. ITERATION

- ITERATION

ITERATION

- ITERATION

ITERATION

NO.

NO.

NO.
NO.
NO.

NO.

N?.
NO.

NO.

NO.

NO.
NoO.
NO.
NO.
NO.

NO.

=

11
12
13
14 -
15
16 ‘.
17
18
19.

20,



+.30337628E+03

30341656E+03

30333966E+03

30330554E+03
. L d X

.30327679E+03

.30325421E+03

.30323108E+03

.

.
"ICON = 7 PH =
y
ICON =. 7 PH =
ICON = 5 - PH =
ICON = 6 PH =
ICON = 6 .PH =
" ICON = 7 PH =
ICON = 7 PH =
ICON = 6  PH =
ICON= 7 ,PH =
ICON = 6 PH =
3.18058680E+00
7.24636550E501.
3.96194460E+01
5.87371440E+00

N E WN

1.31753520E+01
1.,57772990E-01
9.13019060E-01
1.36404560E+00

-0320795E+03

30318866E+03

.30317035E+03

ENTER "1" TO STOP ITERATIONS

./o

,ICON
ICON
ICON
ICON
ICON

«'ICON
 ICON

ICON

)

7 - PH
7 - PH
7 PH
6 PH
7 PH
6  PH
o .
2 PH
0 PH

~

30294135E+03

¢

30291229E+03

.30290Q27E+03 "

.30289050E+03

~ .30288104E+Q3
o
.30287933E+03

.30287915E+03

30287909E+03

%?ERATIOht

FJERATION
ITERATION
ITEﬁATIQN
ITEﬁATION

ITERATION

~ ITERATJION

ITERATION

ITERATION

ITERATION

ITERATION
ITERATION

ITERATION

ITERATION'

ITERATION
ITERATION

ITERATION

-ITERATION

NO.
NO.
NO.

No.’

No.

NO.

NO ..

NO.

No. .

NO.

NO.

NO.
NO.
NO.
NO.

NO.

No.

NO.

116

= 21
- 22
- ﬂzj
= 24
f? 25
= 26
= 27
= 28"0
= 29
= 30

= 31°

= 33

= ’34

= 35 #~
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SOLUTIONS OF THE EQUATIONS T ®

¥

@B( 1) = .31149602E+01

v . .J ."’ B - l.
B(-2) = .18781728E+00 CN
VB( 3) = .39618225E+02"®

. - ~
B( 4) = = -+ 19883560E+02 _

B( 5) = *{.13175747E+02

B 6)~= .15772307E+00 =~ ' -
i . . . l . N .
B( 7) = »91157734E+00
B( 8) =  .13680644E+01 C SN
THE LEAST SQUARES OBJECTIVE FUNCTION = .302879E+03
K-ALPHA BROADENING CORRECTED . . !

ENTER "1" TO LIST THE VOIGHT FIT PEAK ' '
1 .
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9.3 Program YXPRO : - .

v g \ . ‘_ 2 -
L - .
FTN4 \
$FILES 0,1 ' :
'PROGRAM. YXPRO(4,200) :
PROGRAM USED FOR:
N ’ v! .
1---FORM THE FOURIER COEFFICIENTS [HR,HI) FROM DATA
' OF AN OBSERVED PROFILE
2---FORM THE FOURIER COEFFICIENTS (GR,GI) FROM 8 RAPA.
OF AN INFINTELY' LARGE CRYSTALLITE PROFILE
3--+CALCULATE THE FOURIER COEFFICIENTS (FR,FI) OF PURE
. X-RAY DIFFRACTION- PROFILE
' 4---DETERMINE:
’ THE AREA WEIGHTED-SIZE DISTRIBUTION FUNCTION
¢, , THE VOLUME WEIGHTED SIZE DISTRIBUTION FUNCTION
C 5--~STORE ALDF AND VLDF IN 'OTPT'+IF REQUIRED
o ; S :
C -

aOnn

noo

(s B eEe]

" IoUT=1

~"" CALL FOR(RINT,IDIM,KCNTR,NFOR,fiR,HI,IOUT),

B(1)=180.00

DOUBLE PRECISION FR(125) FI(125),HR(125), HI(125) GR(125) 61(125)
DIMENSION IANG(500),RINT(500),RINTN(500)

DIMENSION IANGB(500),RINTB(S500),RINTNB(500) &

DIMENSION NAME1(5),IBUF(32)

DIMENSION B(12) : ’

DIMENSION VDF(150) ,ADF(150),PS(150),VDF1(150),ADF1(150), p31(150)
COMMON X(500) :
DATA NAMEl/2H ,2H ,2H , 2HJU/

RLAM=0.1542
RAD=3.141593/180.

##%* INITIAL SPECIFICATION ###»

B

CALL NINIT(NAMEI,MINAN,MAXAN,NPAR,PHAX,WIDTH) '
CALL'RBEAD(IQCB,NAHEI,MINAN,MAXAN,IDEL,IDIM,IANG,RINT) "
CALL CNTRD(NAMEl,IDIM, IANG,RINT,MINAN,MAXAN,CNTR, IOUT,AREAl) *
CALL:ALIGN(IANG,IDEL,CNTR,IDIM,KCNTR,NFORWIOUT)

CALL WIND1(RINT, KCNTR,NFOR, IDIM) ’

##%% GENERATE HR AND HI ww##w

hhkd MACHINE PROFILE PARAMETERS #*##%a

[A

B(2)=82.07 ~ . \
' B(3)=39.77 ‘ L _
"B(4)=0.84 : <
B(5)=220.00

B(6)=50.27

B(7)=1.43

B(8)=0.60
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1

noon

20

30

35

‘

40

OO'Q

50

‘ ] .A N

-

_#»++ PERFORM MACHINE PROFILE ##as =
v . M

CALL NEWX (B, IDIM,WIDTH)

CALL NEWPK(B,NPAR, IPIM,RINTNB, IANGB, RINTB, I0UT)

CALL ALINE(B, IDIM, IDTH KCNTR,NFOR, RINTNB, AREA2)

" &

DO 20 K=1,IDIM . ! . '
RINTNB(K)-RINTNB(K *AREA1/AREA2 - '
CONTINUE =

- [

#*a% GENERATE GR AND GI ##ww -

CALL FOR(RINTNB,IDIH,KCNTR,NFOR,GR,GI;IOUT)

#as® MODIFY GR AND GI #*anw

IDEL1=2 ' b

IDEL2pl

CALL NNURN(GR,G;,IDELl,IDEL2,NFORqIOUT) .
4

E(1,30) - #
FORMA@(/,'ENTER 1w o COUTINUE, "O" TO TEST PROGRAM')
READ(1,*) NNN : :
IFINNN.GT.0) GOTO 40

%4+ "DPROGRAM TESTING ####

DO 35 J=1, WFOR

- FR(J)=HR(7) . -
FI(J)=HI(J) '

,CONTINUE : /

CALL MACHP(FR,FI,GR,GI,NFOR, HR/HI)
CALL PFOF (HR,HI,GR,GI,FR,FI,NFOR, IOUT)

NADF=30

=30 § u s
gﬁ:LN-RAD*FfbAT(IANG(KCNTR-NFOR))/(100 *2.)
{AX=RAD*FLOAT ( IANG (KCNTR+NFOR) ) /{100. #2.) o0

A= (RLAM/2” )/(SIN(ANMAX) -SIN(ANMIN)) .
JP1LO=) )

'CALL MARAD(FR,NFOR,ADF1,PS1,NADF,AREALl, IOUT,A,JP1LO)
CARLL MVOLD(FR,NFOR,VDF1,PS1,NVDF,AREAL, IOUT,A,JP1LO)

. ) 3
GOTO 100 ; -

- : . /] \
'6** CALCULATE FR AND FI #ww» T
’ L) .

CALL PROF (HR,HI,GR,GI,FR,FI,NFOR, IOUT)

!

*####% SPECIFY OUTPUT DEVICE AND NOMBEK OF POINTS s#as

> A

+WRITE(1,50) ' . /
FORMAT(/, 'ENTER OUTRUT DEVICE (J=TERMINAL, 10=OTPT) ')
OPEN(10, FILE='OTPT::135').

READ(1,4) IOUTI

» 2

.3
PEFS “ ) -



h W

60

WRITE(1,60)
FORMAT (/, 'ENTER THE NO. OF POINT OF DISTRIBUTION FUNCTION')

READ(1,*%) NMUL - .

NADF=NMUL . . “

NVDF=NMUL

#aes CALCULATE ARF AND VDF #*##s

ANMIN=RAD* FLOAT ( IANG (KCNTR-NFOR) ) / (100, #2.)
ANMAX=RAD* FLOAT ( IANG (KCNTR+NFOR) ) / (100. *2.)
A= (RLAM/2.)/ (SIN(ANMAX)-SIN (ANMIN))
"JP1LO=3

3

CALL MARAD(FR,NFOR,ADFl,PS1,NADF, AREA], IOUT]1, A JPILO)

CALL MVOLD({FR,NFOR,VDF1,PS1, NVDF ARii;/IOUTl +A,JP1LO)
STOR

END

e e s e > . - —— —— = —— ———— " —— - > " . - . " ————

SUBROUTINE NNURN(GR,GI,IDEL1, IDELZ NFOR IOUT)

DOUBLE PRECTSION GR(NFOR), QI(NFOR) G
DIMENSION DUMR(125),DUMI(125)
IRATIO=IDEL1/IDEL2
- RAT10=FLOAT (IDEL1) /FLOAT (1DEL2)
IF(ABS(FLOAT(IRATIO)-RATIO) GT.0.05) db TO 90 N
:
DO 20 JPl-f*NFOR e
JeJP1-1

30

90
95

100

JPP1=J/IRATIO+1

FRAC=FLOAT (J) /RATIO. - J/IRATIO

DUMR (JP1) =GR (JPR1) +FRAC* (GR(JPP1+1) -GR(JPP1)) .
‘ DUMI(JPl)—GI(JPP1)+FRAC*(GI(JPP1+1) -GI(JPP1))
CONTINUE

DO 30 JPl-l,NFOR ;
J=JP1-1
GR(JP1) =DUMR (JP1) /RATIO
GI(JPl)-DUMI(JPl)/RATIO

CONTINUE

GO TO 100 =

WRITE(1,95) ~ '

FORMAT ( ' ERROR-IDEL1 IS NOT AN EVEN MULTIPLE OF IDEL2-"

& /,5X,'** DO NOT BELIEVE THE PURE PROFILE, FR, AND FI#*»')
RETURN '

END : -
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1

9.3.1 Documentation,for YXPRO

3

This program is used : v 4

A. To calculate the crystallite size broadening Féurier

coefficieptssF from an observed profile 'H and XRD machine
profile G.

F =—H/G ' 54

HQ/ | | | '
Fr = (Hr*Gr+Hi*Gi)/ (Gr**2+Gi**2)
Fi = (Hi*Gr+Hr*Gi)/ (Grw2+Gik+2)
N &

B. To determine the average cryst ite-size and size
distribution from Fourier coefficients Fr.

(SEE Equation 5.11 and 5.16) N
. ‘ .
/'—) ‘ . ‘

The input is:

1. FILE LOCATION OF THE RAW DATA .
fitted XRD data ‘. :

2. APPROXIMATE PEAK LOCATION
+Bragg angle - :

3. RANGE OF INTERESTING
angle range to be studied —

4. FOURIER' NUMBER . ,
the number of Fourier coefficients

5. OUTPUT DEVICE 7/
‘a termporary file OTPT is used for storing output fi.e

6; POINTS OF DISTRIBUTION FUNCTION
output data points

—_

An example of use follows:

:"
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:RU, YXPRO

ENTER THE FILE LOCATION OF THE RAW DATA*
TF208

ENTER THE APPROXIMATE PEAK LOCATION AND THE RANGE OF INTEREST
3.8,8.0

ENTER THE NUMBER OF PEAKS, NPEAK' . . ‘
1 ‘ (-

ENTER THE CATALYST IDENTIFICATION CODE (EG PI16)
TF208

ENTER THE SCALING FACTOR FOR FILE TF208
1 ) :

» h* FILE: TF208 #*x ~ »
THE PEAK AREA IS:- 58.582 C*DEG/S '
THE CENTROID IS AT: 39.823 DEG 2*THETA

N

]

e Y
THERE ARE 401 DATA POINTS
THE CLOSEST TO THE-CENTROID IS:
AT AM 'ANGLE OF: 39.83
120 FOURIER COEFFICIENTS WILL BE USED
THE PEAKS WILL BE STUDIED FROM: 37.43 TO
ENTER "1" TO APPLY THE MODIFIED HANNING WINDOW
Lo :
ENTER THE NO. OF TAPERED COEFS.
(TOTAL NO. OF POINTS= 241)

202 .
42.23

IN THE WINDOW, M2M -\
}

201
ENTER "1" TO LIST SPLIT COS. BELL WINDOW FITTED SERIES//
0 . . . .
_ FOURIER COEFFICIENTS
J : A(J) B(J) AMP (J)
0 1.277E+01 0.000E+00 1.277E+01
1 7.565E+00 -3.030E-01 7. 571E+00
2 1.357E+00 -3.650E-01 * 1.405E+00
3 3.223E-01 -2.554E<01 "4.112E~01 )
4 1.725E-01 -1.690E-01 2.415E-01
5 3.999E-02 -9.421E-02 1.023E-01
6 4.111E-03 . =-4.139E-02 s 4.159E-02
.7 -9.348E-03 "=1.413E-02 1.694E-02
8 -6.093E-03 -2.816E-03 6.713E-03
9 -4.660E-03 4.714E-04 ‘4.684E-03
10 ~-1.883E-03 1.389E-03 2.340E-03
11 -1.240E-03 1.095E-03 1.654E-03
12 -2.844E-04 8.473E-04 8.938E-04
13 -1.847E-05 6.837E-04 6.839E-04
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14 - 5.005E-04
15 3.617E-04
16 " 3.844E-04
17 3.026E-04
18 2.384E-04
19 ' =7.622E-05
20 ~1.286E~04
.21 -1.039E-05
22 2.456E~04
1.133E-04

24 9.000E-06f
25 2.233E-04
26 2.669E-04
27 1.094E-04
28 9.745E~05
29 . 1.075E-04
30 1.844E-~04
31 I.827E-04
32 1.148E-05
33 ~6.868E-05
34 2.018E~04
35 2.872E-04
36 2. 06504
37 2.241E-04
38 1.817E-04
39 3.999E-06
40 ~1.074E-04

TN

) R
4.582E-04 «
3.430E-04
3.166E-04
6.990E-05

-1.360E-04
2.696E-05
2.910E-04
1.997E-04

-4.938E-05

-1.834E-04

-1.898E-04

/' =2.398E-04

-2.829E-04
-5.529E-05

3.571E-04

4.132E-04

1.832E-04
-1.726E-05
-7.607E-05
-7.613E-05
-1.985E-04
-3.408E-04
-1.894E-04
-2.379E-05
-1.739E-04
-2.134E-04
-9.442E-05

ENTER "1" TO LIST THE CAUCHY FIT PEAK

FOURIER COEFFICIENTS

J o\ AW

0 2.396E+01
1 2.103

2 1,

3 1.

4 1.

5 1.209E+01
6 1.039E+01
7 8.835E+00
8 ~7.418E+00
9 6.135E+00 -
10 . 5.005E+00
11 4.010E+00
12 3.168E+00
13 2.450E+00
14 1.872E+00
15 1.393E+00
16 1.027E+00
17 " 7.3Y4E-01
18 5.210E-01:

N

B(J)

0.000E+00
~6.381E-01
~5.504E-01
~5.337E-01
-4.101E-01
-3.570E-01
-2.546E-01
-2.059E-01
-1.261E-01
~8.964E~02
-3.216E-02
-1.224E-02
'2.231E-02

2.409E-02

3.783E-02

2.440E-02

2.321E-02

9.860E-04
-7.433E-03

L}
—y——

6.785E-04
. 4.985E-04
4.980E-04
3.106E-04

. 2.745E-04
8.084E-05
3.18;2—8A

¢ 2.0QPE-04
2.505E-04

123

2.155E-04 g -

. 1.900E-04
3.277E-04
3.889E-04
1.226E-04
3.701E-04
4.270E-04
2.599E-04
1.836E-04
7.693E=05
1.025E-04
WBILE-04
ﬁsn—m
2.802E-04
2.254E-04
2.515E-04
2.134E-04
1.430E-04

AMP (J)

2.396E+01
2.104E+01
1.818E+01
1.596E+01
1.392E+01
1.209E+01
1.040E+01
8.838E+00
7.419E+00 .
6.135E+00
5.005E+00
4.010E+00
.169E+00
.451E+00 *
.872E+00
.393E+00
. 028E+00
.314E-01
.210E-01

N )W

-
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19
20
21

S22

23
24
25
26
27

3.514E-01"
2.421E-0}
1.508E~01

1§012E-01
.363E-02

3.575E-02

1.024E-02
7.641E-0D3

+=7.814E~-03

28

29

30

31
32

33

34

~3.737E-03
© .+ =1.506E=02

-8.305E-03

~1.809E-02

. =1.032E-02

35.

36
37

38

39
40

ENTER
1o‘-w

ENTER
ENTER

ENTER

-1.959E-02

'=1.146E-02

-2.058E-02

-1.232E-02

-2.145E-02
-1.317E-02

"=2.235E-02

OUTPUT "DEVICE (1=TERMINAL,

nyw TO LIST THE AREA WEIGHTBD DIST.

~

-=1.408E-02

¥ .

e

<

 =3.142E-02"

-4.035E-02
-6.098E-02

| -§.6¥4E-02

-8.149E-02

-8.232E-02
- =9,189E~02

-8.878E-02
-9,.420E-02
-8.854E~02
-9,.133E-02
-8.441E-02

-8.579E-02
~7.851E-02

-7.924E-02

-7.211E-02
-7.259E-02

-6.584E-02 -

~6.630E~DZ "\

-6.001E~-D2,

-6. 0532-0304‘
-5.474E-02

10=0TPT)

3J.528E-01

* 2.455E-01

1.627E-01
1.211E-01
9.756E-02

8.975E~02

9.246E-02
8.911E-<02 -

'9.453E-02

8.862E-02
9.257E-02
8.482E-02
8.768E-02
7.919E-02
8.162E-02

7.301E-02.

7.546E-02
6.699E-02

" 6.968E-02

6.144E-02
6.452E-02
5.652E~02

THE NO . OF POINT OF DISTRIBUTION FUNCTION

FUNCTION

"lﬂ-TOELIST THE - VOLUME WEIGHT;D DISTR. FUNCTION
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9.4 Program YXCOR ¢ ‘ ‘

" FTN4 . N : _ *
SFILES 0,2 = -
PROGRAM YXCOR(4,200)

THE PROGRAK USED FOR
1. CORRECTING DISTR. FUNCTION FOR DETECTABILITY
_2. CALCULATING MODIFIED DISPERSIONS
R~---=~CRYSTALLITE SIZE ’
P-----DISTRIBUTION FUNCTI
Y- CORRECTED DISTRIBUTION FUNCTION
y AR DISPERSION -
FACT2 IS THE DETECTABLE FACTOR ’

nONNAONNNOONaNNODN

-3

INTEGER. A(lOO) ,
DIMENSION R(100),P(100), 5(100)
DIMENSION Y (100),Z(100)

c
c *#%% READ INPUT PROFILE ####
ﬂ (NAME1) -
C '»
WRITE(1,50)
. 50 FORMAT('ENTER NUMBER OF DATA POINTS')
READ(1,*) ‘NN ~
- OPEN(10,FILE='NAMEl::135"')
DO 70.I=1,NN
READ(10, %) A(I),R(I),P(I)
IF (P(I).GT.0.) GOTO 20
P(I)=0.00
70 CONTINUE : : .
- CLOSE(10) o , .
c : : »
c aw#a%x SPECIFY OUTPUT DEVICE w###
C (NAME3)
c )

g OPEN(12,FILE='NAME3}::135"')

*nxas SUMMATION #aws

nno

WRITE(1,8§§
85 FORMAT(/,5X,'SIZE',7X, 5AREA')
S(1)=0.
DO" 100. I=2,NN gg
WRITE(1,95) R(I-1),S(I-1)
95 FORMAT(2X,F8.4,5X,F6.4)
» S(I)=S(I-1)+(P(I)+P(I-1))/2. '(R(I) -R(I- 1))
100 CONTINUE '
WRITE(1, 95) R(NN), S(NN)

‘a‘?."p

o
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» 444’ CORRECTION FOR DETECTABILITY ###w
. .
FACTl-l 0000/S (NN)

" WRITE(1,110)
FORMAT (' ENTER THE FRACTIO
READ{1,*) FACT2 e
DO 120 I=)1,N P
Y(I)-P(I)*F N *FACT2

{Pt |DETECTED’) T

—~—1—ze——eem*1uuz

c
C
c

130

— Co

- C
+135
C
c
c

140

150
l6€

c

999

R CALCULATfON. OF DISPERSION ##%%

W=0. |

DO 130 I=1,NN.
W=W+Y (1) . . ]
CONTINUE - - ; A y
FACT3=1.0000/W

Z(1)=0.
DO 135 I=2, NN '
Z(I)=Z(I-1)+FACT3*Y(I)/R(I)

L 2(I)=1.02#2(I)

CONTINUE

~ ###% PRINT OUT ###*

WRITE(12 140)

FORMAT (3X, 'CORRECTED DISTRIBUTION PROFILE'

& /,/.2X,'3", SIZE ',2X, 'DISTR.FUNC.'2X,'D.P.")
PO 160- I=1, NN

WRITE (12, 150) A(I),R(I),Y(I),Z(I) ' S
FORMAT(I3,2X,F8.3,2X,F9.7,2X,F8. 4) - :

. CONTINUE = -

24

srop
END
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9.5 Program §PURE

) S ’ !

FTN4 X ‘ -
. PROGRAM XPURE(4 200) '

DIMENSION IDCB(144), NAME(S),IBUF(IO) stzs(z)

DIMENSION DP(50),VFRAC(50)
: DATA NAME/2HXP,2HUR,2H ,2HJU, 135/ ISIZE/40 10/ . y
C DP(I)=LENGTH OF PARTICLE SIDE . e
c VFRAC (1) =VOLUME FRACTION OF pARTICLE§PSIzs DP(I) - ﬁ;
C . R
C - EPSILON IN 'RADIANS o? THETA . o
c . - .
c ASSUME RIAM=0.1542 NM

WRITE(1,3)

3 FORMAT('ENTER THE NUMBER OF PARTICLE SIZES IN THE PSDF!')
READ(1,*) NPS

WRITE(1, 4) . .o X

4 FORMAT('ENTER PROFILE STEP SIZE, DEG 2*THETA') - \
READ.(1,*) DELTH ' : :
WRITE(1,7).

7 FORMAT('ENTER CONTROL DIGIT, ICON:',/, ‘
& 5X,'1=USE GAUSSIAN ' (NORMAL). LENGTH DISTRIBUTION',/,
& 5X,'2=USE ONE SIZE SPHERICAL PARTICLES' YA . ~
& 5X,'3=LOG-NORMAL LGcﬁy DISTRIBUTION’,/, S . -
& 5X, 'AKUSER ‘ENTERED LENGTH DISTRIBUTION FUNCTION')-
READ(1,*) ICOUN _
IF(ICON.GT.3) GO TO 14
: N.GT.2) GO TO 12
IN.GT.1) GO TO 10
NLDF (DP, VFRAC NPS)

GO -19
10 CALL SLDF(DP, VFRAC NPS) .
GO TO 19 !
' 12 CALL LNLDF(DP, VFRAC NPS)
GO TO 19

14 CALL ULDF(DP, VFRAG NPS)
19 CALL LAVG(DP,VFRAC,NPS) :
WRITE (1, 20) - ‘ ~
20 FORMAT('ENTER THE "XPURNn" FILE NUMBER')
" READ(1,25) NAME(3)
25 - FORMAT (3A2)
WRITE{1,27)
27 FORMAT('ENTER "1" TO LIST THE: VOL WEIGHTED LENGTH DISTRI.') ’
READ(1,*) ILDF
: IF(ILDF.NE.1) GO TO 29
% CALL LDF(DP,VFRAC,NPS)
' 29 WRITE(1,30)
30 FORMAT('ENTER THE BRAGG ANGLE AND RANGE OF INTEREST, '
& 'DEG 2*THETA')
READ(1,*) ANG,WIDTH

’

PI=3.1415926
RAD=0.017453 ' : ’
RLAM=0.1542 ‘
THETB=RAD*ANG/2. ,

PS=RLAM/ (2.*SIN(THETB))
ILAST=IFIX(WIDTH/DELTH)+1

IANMN=IFIX ((ANG-WIDTH/2.)*100.)

»
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50
52
54
55
57

60

70

90
91

100

CALL CREAT (IDCB, IERR,NAME, ISIZE 3,NAME(4), NAME(S))

_IF(IERR.LT.0) GO TO 90

CALL OPEN(IDCB,IERR,NAME,O0,NAME(4),NAME(5))
IF(IERR.LT.0) GO ‘TO 90
. : 4 {

DO 70 K=1, ILAST

IANG-IANMN+IFIX(DELTH*IOO ) * (K=~1)
SUM=0. . . .
THETA=RAD*FLOAT (IANG) /200.
‘Sm2 . #*DS*SIN (THETA) /RLAM-1.
IF(ABS(S).LT.1.E-4) GO TO 52
RINT=1./(SIN(PI*S)*#*2)
DO 50 I=1,NPS’
ARG-PI*S*DP(I)/DS
SUM-SUM+SIN(ARG)*SIR(ARG)*VFRAC(I)/DP(I)
CONTINUE
RINT=RINT*SUM
GO TO 55
DO 54°I=1,NPS
SUM-SUM+((DP(I)/DS)'*2)*VFRAC(I)/DP(I)
RINT=SUM ‘ A »
DO 57 J=1,10 - 4
IBUF (J)=2H
CALL CODE ,
WRITE (IBUF,60) IANG,RINT
FORMAT(1X,I5,3X,F9.3)
CALL WRITF(IDCB, IERR, IBUF, 10)
IF(IERR.LT.0) GO TO 90
CONTINUE ' )
CALL CLOSE(IDCB IERR)
IF(IERR.LT.0) GO TO. 90
GO TO 100

iz

wﬁI'rE(l 91) IERR

FORMAT (/,2X, 'ERROR IN FMP CALL. IERR= ',I3)
STOP ﬁ

END
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SUBROUTINE ULDF (DP,VFRAC,NL)
DIMENSION DP(NL), VFRAC(NL)
DO. 20 J=1,NL

" WRITE(1,:0) J

10

20

30

FORMAT(/,5X, "ENTER THE PARTICLE SIZE, NM',/
_YAND THE MASS FRACTION" FOR SIZE NO.. ', I3)

READ(1,*) DP(J),VFRAC(J) -

CONTINUE

WRITE(1,30)

FORMAT( LENGTH DISTRIBUTION FUNCTION ./, 10X

,tDP"

, 10X,

'VFRAC')



DO '40 J=1,NL

WRITE(Y,35T DP(J),VFRAC(J)
35  FORMAT(2(5X,F10.5)) - B
40 CONTINUE oL

WRITE(1,50)

* 50 FORMAT('ENTER "1" TO RE- ENTER THE LDF‘)
READ(1,*) IREAD ’
IF(IREAD.EQ.1) GO TO 5
RETURN o
END . ) - :

SUBROUTINE NLDF (DP,VFRAC,NL)

DIMENSION DP(NL)’, VFRAC (NL)

WRITE(1,10) ‘
10 FORMAT('ENTER THE AVERAGE LENGTH, RLAV (NM)')

READ(1,*) RLAV .

SIGMAX=RLAV/2.71523

WRITE(1,20) SIGMAX

20 FORMAT('ENTER THE STD. DEV. OF LDF, MAX. REALISTIC=' F8.3)

READ(1,*) SIG . _ 7
XLO=RLAV-2.71523*SIG . , :
DELX=SIG*2,71523%2, /FLOAT(NL—l) - ° - a
SUM1=0. L o ’
SUM2=0. ) - : / ‘

DO 30 J=1,NL ( . ’

DP(J)-XLO + FLOAT(J- l)*DELX -

Z= (DP (J) ~RLAV) /SIG
VFRAC(J)=0.3989%EXP(~2*2/2.)
SUM1=SUM1+VFRAC (J) , 3
30 CONTINUE
" WRITE(1,40)
40 - FORMAT(/, 10X, 'NORMALIZED PARTICLE SIZE DIST. FUNCTION',/,
& 10X, 'DP', 10X, 'VFRAC')
DO 50 J=1,NL
~ VFRAC(J)-VFRAC(J)/SUMl
PV=VFRAC (J) /DELX
. - WRITE(1,45) DP(J),PV
45 FORMAT (2 (5X, F10.4))
50 CONTINUE
RETURN
END

SUBROUTINE SLDF (DP,VFRAC,NPS)
DIMENSION DP(NPS), VFRAC (NPS)
5 WRITE(1,10)

10 FORMAT('ENTER THE PARTICLE DIAMETER' ) -
READ (1, *) DIA '

RLAVG=0.75#DIA ~ v
WRITE(1,20)RLAVG ; ,
20 FORMAT(/,2X, '"WEIGHT AVERAGE LENGTH IS: *,F10.3,' NM',

& /,'ENTER "1" TO RE-ENTER')
READ(1,*) ICON. '
IF(ICON.EQ.1) GO TO S_
DELX-DIA/FLOAT(NPS)
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. N ‘.. @
SUM1%0. S ¢ ' :
DO 30 J=1,NPS ' :
DP(J)=DELX/2. + DELX*FLOAT(J-1) - d
VFRAC(J)=3.#% (DP(J)/DIA)*#2 -Q o
SUM]=SUM1+VFRAC(J) : ,
' 30 CONTINUE . .
C . ‘
‘WRITE(1,40)
40 FORMAT('NORMALIZED VOLUME WEIGHTED LENGTH DISTRIBUTION FUNC. '
& 10X, 'DP',10X, 'VFRAC') . g
DO 50 J=1,NPS - . -
VFRAC(J)-VFRAC(J)/SUﬁl
PV=VFRAC(J) /DELX _
WRITE(1,45) DP(J),PV
45 FORMAT (2 (5X,F10.4))
50 CONTINUE
RETURN
.END

SUBROUTINE LNLDF (DP,VFRAC,NL) ‘
DIMENSION DP(NL) ,VFRAC(NL) , "
5 WRITE(1,10) v '
10 FORMAT ('ENTER THE THREE PARAMETERS 'Ry T3 AND U')
. © READ(1,*)R,T,U
RK=R/ (T*U) : .
PVMAX-RK**(R/T)*EXP( U*RK) ‘ »
: XMAX=RK*#*(1./T) ; '
C ; Coe _ .
C ) \
\ L 8
XP=2.%XMAX - o
3 XUBXP
. DO 36 J=1,30 .
run-(xpaan)*zxp( —U* (XP**T)) - AVMAX/50.
DFUN=EXP (-U* (XP#**T) ) * (R*XP**(R-1.) - T'U'(XP'*(R+T 1. )))
XN=XP- FUN/DFUN
IF (ABS (XN-XP) .LT.1.E- 3) GO TO 40
© XP=XN N
30 CONTINUE a
40 DELX=XN/FLOAT (NL) *
SUM1=0. o
DO* 50 J=1,NL
DP(J)-DELX*(FLOAT(J) -0.5)
VFRAC (J) =DP (J) **R*EXP ( U*(DP(J)**T))
SUM1=SUM1+VFRAC (J)
50 CONTINUE

WRITE(1,60) R,T,U ‘ ‘ .
‘60  FORMAT(/,10X, 'NORMALIZED LENGTH DISTRIBUTION FUNCTION',//

45X, 'FOR LOG-NORMAL DISTRIBUTION: R= ',F8.4,' T= ',FB.4,

& //,10X, 'DP', 10X, "VFRAC') ' .

DO 80 J=1,NL
VFRAC (J) =VFRAC (J) /SUM1

PV=VFRAC (J) /DELX
WRITE(1,70) DP(J),PV o :
70 FORMAT (2(5X, F10.4)) : G
80 CONTINUE
.— RETURN

END



SUBROUTINE LAVG{DP,VFRAC,NPS}
DIMENSION DP(NHFS), VFRAC(NPS)
REAL NAVG

SUMV=0. . o
. SUMA=0. % ' 3
. .SUMN1=0. : \}_K
SUMN2=0. :

600’20‘3;1,Nps B :

' SUMV=SUMV+VFRAC (J) *DP (J) . /
_SUMA=SUMA+VFRAC (J) /DP(J). e
SUMN1=SUMN1+VFRAL (J) / (DP(J) *DP(J)), W
SUMN2=SUMN2+VERAC(J) / (BP (J) **3)

20 CONTINUE

VAVG=SUMV = . : -
AAVG=1./SUMA
NAVG=SUMN1/SUMN?2
VOA=VAVG/AAVG : .
WRITE(1,30) VAVG,AAVG,VOA,NAVG \
30 FORMAT(//,5X, 'THE VOLUME AVERAGE LENGTH IS: ',F6.2,' NM!',
& /,SX,'THE AREA AVERAGE LENGTH IS: - ',F6.2,' NM',
& £,5X,'THE RATIO <Lv>/<La> IS: ',F6.3, R
& /,5X, 'THEA%UMBER AVERAGE LENGTH IS: ',F6.2,' NM') ’
RETURN
END -
SUBROUTINE LDF(DP,VFRAC,NPS) . ° v//
s DIMENSION DP(NPS), VFRAC(NPS)
'DELD%sz(z) -DP(1) : T ’

WRITE(1,10)
10 FORMAT(2X,'ENTER LU FOR OUTPUT (TERMINAL=1): ')
- READ (1,%) LUW _
: k L -
DO 30 J=1,NPS ‘
VLDFJ=VFRAC (J) ) DELDP ‘
WRITE(LUW, 20) DP(J),VLDFJ

20 FORMAT (3X,F10.4,5X, F10. 4) ‘ : ‘
30 CONTINUE .

RETURN
END
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e 9.6 Subroutine ALIGN .
; l
FTN4
SUBROUTINE ALIGN(IANG, IDEL, CNTR IDIM,KCNTR, NFOR I0UT)
DIMENSION IANG(TDIM) \ .
TEST1=1.E6 {
TEST2=TEST1 N

DO 20 K=1,IDIM » . '
TESTI-ABS(FLDAT(IANG(K))/100 ~CNTR)

, IF(TESFl.LT,TEST2) KCNTR=K
TEST2=AMIN1 (TEST2,TEST1)

20 CONTINUE

*

132

c . .
IF(IDIM.GT.20) GO TO 40 - )
_ WRITE(1,30) !
30, ° FORMAT(/,10X,'#* ERROR #+# RANGE ((§§XAN MINAN/IDEL) IS TOO*,
& 'SMALL') |
GO TO 99 . C

40 NpUMiMINO((KCNTR—l),(IDIM-l—XCNTR)[
IF(NDUM.GT.10)NFOR=10" . '
IF(NDUM.GT.20)NFOR=20 ¥ ‘ ¢
IF(NDUM.GT.30)NEOR=30 , :
IF (NDUM.GT.40) NFOR=40 !
IF(NDUM.GT.60)NFOR=60 )
IF(NDUM.GT.80)NFOR=80 :
IF(NDUM.GT.100) NFOR=100
IF(NDUM.GT.120) NFOR=130
CANG=FLOAT ( IANG (KCNTR) ) /100.
WRITE(IOUT,50)IDIM,KCNTR,CANG NFOR - .

50  FORMAT(/, !THERE' ARE ', I5,' DATA POINTS ', \} .

& /,'THE CLOSEST TO THE CENTROID IS: *,I5,
& /,'AT AN ANGLE OF: ',F8.2,

"& /,I5," FOURIER COEFFICIENTS WILL BE USED')
ANGLO-FLOAT(;AuG(KCNTR NFOR) ) /100.
ANGHI=FLOAT{IANG (KCNTR+NFOR) ) /100.

WRITE (IOUT, 60) ANGLO, ANGHT

99 RETURN

60 FORMAT('THE‘PEAKS'WILL BE STUDIED. FROM: 'ZF8.2,' TO ',F8.2|

END

)
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50

60

END

9.7 Subroutine ALINE

< ‘ .
SUBROUTINE ALINE (B, IDIM,WIDTH,KONTR, NFOR, RINTN, AREAL, AREA2,AREAJ,
1 . CHOICE) .
DIMENSION B(8) ,RINTN(IDIM)
INTEGER CHOICE
COMMON X(500)
RAD=0.0Q174533; ’
W2sWIDTH/Z.
WA=0. 5565556 -
WB=0.888889 : 1 {
T1=0.774597
IDMM2=IDIM-2
AREA1=0. ‘ ‘ .
AREA2=0 . : :
AREA3=0, '

SIMPSON'S RULE TO DETERMINE AREA UNDER PEAK, AREAl

DO 20 K=1,IDMM2,2

\AREA1=AREAl + 2.*RINTN(K) + 4. *RINTN(K+1)
CONTINUE

AREA1=(AREAl—RINTN(l)+‘;NTN(IDIM))*(X(2)-X(l))/J.
3 .

@

IF(CHOICE .EQ. 1 .OR. CHAOICE .EQ. 0) GO .TO 70 LS
GAUSSIAN QUADRATURE TO DETERMINE THE AREA FROM MEASURED
ENDS OF THE PEAK (AT S=-0.5, S=0.5) ‘

HTFRC=100.*PK(B, X (KCNTR) -W2) / (B(1)+B(5)) - |

A=1./SIN(X(KCNTR) *RAD/2.) . \

TO THE

VXLO 2.*ATAN(1./SQRT(4*A*A~-1.))/RAD

X1=( (X (1) ~XLO) *(=T1) + X(1) + XLO)/2. .
X2=(X(1)+XLO) /2. . 1
X3=((X(1)-XLO)*T1 + X(1) + XILO)/2. -

AREA2= (WA* (PK (B, X1)+PK(B,X3)) +WB%PK(B,X2))*(X(1)-XL0O)/2.

v

" IF(CHOICE .EQ. 2) GO TO 70 - ’ -

XHI=2.*ATAN (SQRT (4.*A*A-9.))/RAD »
X1= ( (X (IDIM) -XHI) *(~T1) +X (IDIM) +XHI) /2.
X273 (X (IDIM)+XHI) /2. . ..
X3=( (XHI- X(IDIM))'T1+x(IDIM)+XHI)/2

- AREAJ= (WA (PK(B, X1) +PK(B,X3) ) +WB*PK(B, X2) ) * (XHI - X(IDIM))/'

)

ARFRC=AREA1/(AR£A1+AREA2+AREA3)

HITE=B(1)+B(5) .
WRITE(1,50) HITE,HTFRC o "
FORMAT (2X, 'THE MAX. PEAK HT. IS: ',F8.2, - S

&/,2X, 'THE EDGE IS AT: ',FB8.2,' % OF THE PEAK MAX HT')’ -
WRITE(1,60) AREAl, ARFRC T

FORMAT (2X, '"THE AREA STUDIED: 'FB.J,: DEG 2THETA*C/S',
&/,2X,'WHICH-IS:E'F8.2,' $ OF THE TOTAL AREA')

RETURN

T
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9.8 Subroutine CNTRD

4

FTN4 4 .

SUBROUTINE CNTRD(NAME, IDIM,IANG,RINT, MINAN,MAXAN,CNTR, IOUT, AREA)
DIMENSION IANG(1000),RINT%P000),NAME(S) ‘

IDEL=IANG (3) -IANG(2) .

 PELAN=FLOAT (IDEL)/100. . ¢
SUM1=0", - ‘

'SUM270.

SET NPONT (THE NUMBER OF INTEGRATING POINTS) TO AN ODD NUMBER

noo

NPONT=IDIM

TEST1=FLOAT (NPONT/2)

TEST2=FLOAT (NPONT) /2.
IF((TEST2-TEST1).LT.0.1) NPONT=NPONT-1

DO 20 I=1,NPONT,2
XFI=RINT (I) *FLOAT (IANG(I))
XFIP1=RINT (I+1) *FLOAT (IANG(I+1))
SUM1=SUM1 + XFI*2. + XFIP1l%4. )

: SUM2=SUM2 * RINT(I)*2. + RINT(I+1)+4.

20  CONTINUE o g -

XF1=RINT (1) *FLOAT (IANG (1)) \

XFN=RINT (NPONT) *FLOAT ( IANG (NPONT) ) : .

SUM1=SUM1-XF1-XFN r :

SUM2=SUM2~RINT (1) -RINT (NPONT)

AREA=DELAN#*SUM2/3. J

CNTR=SUM1/ (SUM2%100.") o

ITE (IOUT,25) (NAME(I),I=1,3)

T(/,10X,'#** FILE: ',3A2,' #»')

TE (IOUT,30) AREA,CNTR ' -

30  FORMAT('THE PEAK AREA IS:',F8.3,' C*DEG/S', \ L’W

& /,'THE CENTROID IS AT: ',F8.3,' DEG 2*THETA')
,RETURN _ .
END : -

s . .
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2 ' 9,9 Subroutine DIST

/£TN4

SUBRPUTINE DIST (IANG, RINT, IDIM)

CHANGE ANGLE TO INTERPLANAR DISTANCE BY:

X=1/D=2+SIN(THETA) /LAMBDA - -
LAMBDA=1.5418 ANGSTROM ‘
IANG=100#*2*THETA

-THIS ROUTINE ALSO PERFORMS APPROXIHATE ANGULAR CORRECTLONS
ON THE INTENSITY OF SUBTR);TED PROFILES

[eNeEeRe!

LET APPARENT INTENSITY=PQRE INTENSITY'K(THETA)
WHERE K(THETA)=LORENZ- POLARIZATION *TEMP *SCATTERING FACTORS

L3

X (K)=ANGLE (in Degrees 2*Theta)

- 0NN 0O000

DIMENSION IANG(IDIM) RINT(IDIM)
COMMON X (500)
RLAM=1.5418
RINMX=0.0 :
XINMX=0.0 I S

¥ XHAF=0.0
WRITE(1,10)

10 -EORMAT ( 'BNTER "1" TO APPLY ANGLE CORRECTION' )
READ(1,*) ICOR *
IF(ICOR.NE.1) GO TO 75

" CORRECR INTENSITY - ' o \)
; N {

“CALCULATE THE TEMPERATURE FACTOR CONSTANTS

ASSUMING CUBIC CRYSTALS OF PT-IR ALLOY .
VALUES OF PHI FROM LIN%AR APPROXIMATION ‘OF

Cullity, Appendix 15.

. . 1
ITEMP=0 = S & i@:f) : .
TDEBY=257.5 o o ‘

TEMP=293. !
X1=TDEBY/TEMP '
IF(X1.LT.0.7.0R.X1.GT.1.0) GO TO 15

PHI=0.839-(X1-0.7)*%0.203

.
w
» " .

KN NeXe)

A=77.5 T
RM1= .15£4*TEHP/(TDEBY*TDEBY'A)*(PHI+X1/4 )
GO Zo 20

15 WRYTE(1,16)

16 FORMAT ('#**ERROR- TEMPERATURE EXCEEDS RANGE FOR TEMPERATURE''
1l ,' FACTOR. INTERPOLATION-- TEMP FACTOR SET=1.0')

ITEMP=1 ,
RM1=0. - e . :
20 DO 50 K=1, IDIM SN '

TWOTH=(3.141592/480.) *FLOAT (IANG(K))/100.
THETA=TWOTH/2. ' N

c ' N

c 'CALCJLATE THE RECIPROCAL INTERPLANAR DISTANCES,X

C ’ .

X(K)=2.%SIN(THETA)/RLAM ,
. <
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75& 80°K=1, IDIM :
. HETA=(3.141592/180. )*FLOAT(IANG(K))/(IOO *2.)

" \ 136

&
L )
" CALCULATE THE LORENZ-POLARIZATION FACTOR

r

RLPF= (1. O+(COS(TWOTH))'*2)/(SIN(THETA)'SIN(THETA)'COS(THETA))

CALCULATE THE TEMPERATURE FACTOR

TF3EXP (-2 . *RM1# (X (K) /2. ) #*2] : (7 o
IF{ITEMP.EQ.1) TF=1.0 :
RINT (K) =RINT (K) / (RLPFATF)

CALCULATE THE SCATTERING FACTOR i

Fg77.01-34. B*X(K) ' ’ :
IF(X(K).GE.0.38.AND.X(K).LE.1.0) GO TO 40
WRITE(1,31)

31 FORMAT('**WARNING- RECIPROCAL LATTICE SPACING OouT OF'!
1 ,' RANGE-')

40 RINT (K)=RINT(K)/(F*F) ®
RESCALE THE PFAK (ARBITRARILY BY 50000%)
. . \ . " :
RINT (K) =RINT(K) *5.E4 N
RINMX=AMAX1 (RINMX, RINT (K))
IF(RINMX.EQ.RINT(K)) XINMX=X(K)
RIHAF=RINMX/2.
IF(RINT(K) .LE. RIHAF AND.RINT(K-1) .GE.RIHAF)
1 XHAF-X(&L
X (K) =FLON (IANd(K))/loo
50 CONTINUE ¢
LIST THE CORRECTED PEAK IF DESIRED
WRITE (1, 60) (7

60 FORMAT('ENTER "1" FOR A LIST OF THE CORRECTED PEAK')
READ(1,*) ILIST ° -
« IF(ILIST.NE.1) GO TO 81 ¥
DO 70 K=1,IDIM ‘ }
_ WRITE(1,65) IANG(K), RINT(K)
65 FORMAT(2X,IS5,2X,F8.4) \\\ : :

70 CONTINUE
GO TO 81

GENERATE THE RECIPROCAL SPACINGS IF NO CORRECTION IS REQUESTED

. X(K)=2.#*SIN(THETA) /RLAM '
X (K) =FLOAT (IANG (K) ) /100. :
RINMX=AMAX1 (RINMX, RINT (K)) . ’
IF(RINMX.EQ.RINT(K)) XINMX-X(K)
RIHAF=RINMX/2.

IF(RINT(K) .LE.RIHAF.AND. RINT(K 1) .GE.RIHAF)
1} XHAF=X(K)
80 CONTINUE

81 CONTINUE !

ppa————
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81 IF(XHAF,GT.1.E~6) GO TO 82
XHAF= (X (1) +XINMX) /2.

82 WRITE(1,83) ‘RINMX, XINMX, XHAF

83 FORMAT(2X,'THE MAXIMUM PEAK HEIGHT 1IS:
1 /,'AT RECIPROCAL SPACING:
2 /,'THE HALF HEIGHT OF THE PEAK OCCURS ' AT: ',F8.4)

foo RETURN -

END

'/F8.4,' ANGSTROM##-)"'
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9.10 Subroutine ESTB

SUBROUTINE ESTB(RINT IANG ID{” NPAR, PARA, PARMN PARMX)
ESTIMATE THE PARAMETERS FOR THE BEST FIT CAUCHY CURVE

DIMENSION PARA(NPAR), PkRMN(NPAR) PARMX(NPAR)
DIMENSION RINT(1),IANG(1)

DIMENSION IPAR(2)

COMMON X (500)

‘Estimate the parameters for the best fit Modified Cauchy
«F =-F1 + F2
‘where 7 - . ‘ ,
' F1=PARA(1)/(1 + PARA(2)*U*(ANG-PARA (3) ) **2) **PARA (4)
_ F2=PARA(5) *EXP(-PARA(6) *U* (ANG- PARA(3))**2)**PARA(7)
U=1.0 L1f X<PARA(3) .
U=PARA(8) if X>PARA(3)

ASSUME:s
PARA(1)= PARA(S)—(PEAK HT) /2. . - a
PKRA(4)=pARA(7) =PARA(8)=1.0 . . i
: N | ] f
IANHF=0. y o . S,

.IANMX=0 a : \ ' - K

"2l0

20

22

30
© 35

NPEAK=NPAR/8 , _ : :
DO 10 ‘I=1;NPAR , : R '
PARA(I)=1. ' S
CONTINUE
IF(NPAR.GT.8) GO TO 30
DO 20 K=1,IDIM
pARA(l)-AMAXl(ﬁARA(l) RINT(K))
IF (PARA¢L) .EQ.RINT(K)) IANMX=IANG(K)
RIHAF=~PARA (1) /2. ‘ S
IF (RINT(X) . LE.RIHAF . AND. RINT (K-1) . GE RIHAFR’IANHF IANG(K)
CONTINUE L N ; .
IF{IANHF.GT.0) GO TO 22 ;o 2 R AT 2
IANHF=( IANG (1) +IANMX) /2 U , L o
PARA (1) =PARA (1) /2. . : ol : ' o
PARA (2) =ABS ( (FLOAT (IANMX- IANHF))/IOO )**(-2)
PARA (3) =FLOAT (IANMX) /100.
PARA (5) =PARA (1) e

PARA (6) %0, 31/(FLOAT(IANHF IANMX)/J;_.
GO TO -110
WRITE(1,35) NPEAK ¥ : o : e
FORMAT (/, 2X, 'THE PROGRAM, WILL ATTEMPT TO FIND ' , 15, ' PEAKS',

& /,5X, 'ENTER THE INITIAL GUESSES FOR BEAK LOCATION" ~

&€ /,10X,'l - The (111) Peaks of Pt and;E

& /,10X,'2 - The (200) Peaks of Pt an,_

& /,10X,'3 - Enter the irfitial guesses
READ(1, #) IGESS »

. IF(IGESS. LT %&Ess GT. 3) 6o TO 30 -
IF(IGESS.G : co TO 50
IF(IGESS.GT.1) GO TO. 40
PARA(3)=39.79 L . AT A : '
PARA(11)=40.71 , S L 1 -
IF(NPEAK LT.3) GO TO 60 : : S :

‘e

A
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PARA (11)=40.25
GO TO 60
40 PARA(3)=46.27
PARA (11)=47.36
. GO TO 60
. 50 READ(1, *) (PARA(I),I=3,NPAR,8)

60 DO 80 I=1,NPEAK
IPAR(I)=IFIX (PARA(3+8 (1-1))*100.)
DO 70 K=1,IDIM 2
IF(IPAR(I).GE.IANG(K). AND IPAR(I) .LE. IANG(K+1))
& PARA (1+8* (I~-1)) RINT(K)/2. ‘
70  CONTINUE .
PARA (5+8%(I-1))= PARA(1+8*(I 1)) : ’ .
80 CONTINUE _ o .
o . -
110 DO 120 I=1,NPAR,8
PARMN (I)=PARA(I)/100.
PARMX (I)=PARA(I)*5.0
PARMN (I+1)=0.001 -
PARMX{I+1)=1000.

PARMN(I+2)-PARA(I+2)*O 8 ¢ b
PARMX (I+2)=PARA (I+2) *1.2 - : . y
PARMN (I+3)=0.5 , << o

PARMX (I+3)=20.0 -

PARMN (I+4)=PARMN(I)
PARMX (I+4)=PARMX (1)
PARMN (I+5)=PARA (I+5
pARMX(I+5)-PARA(1+5)*5 :

PARMN (1+6)=0.5 | (,,// . ' &
PARMX (I+6)=20. ™ '

PARM¥<x+7) =0.1 .

PARMX (I+7)=1. 5

120 CONTINUE

ls

200 WRITE(l 220)

220 ~ FORMAT('INITIAL GUESSES/ARE: '/ 12X, 'GUESS', 10X, 'MIN'Jlox,tMAx')
DO 240 I=1,NPAR ‘
WRITE(1, 230) I,PARA(I), PARMN(I) PARMX (1)
230 . FORMAT(3X,I4, 3(5x 1PE10.2))
240 = CONTINUE -
245 WRITE(1,250) '
250 FORMAT('ENTER THE PARAMETER TO BE CHANGED )
READ(1,*) JPAR
IF(JPAR.LT.1) GO TO 999 -
WRITE(1,260) JPAR ‘
260 FORMAT('ENTER.THE NEW PARAMETER MIN AND MAX FOR NO. ',I5)
READ(1,*) PARA(JPAR) PARMN (JPAR) , PARMX(JPAR)
. .GO TO 200 . :
999 RETURN
END

P
. 2>}
2y
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9.11 Subroutine FIT

"o

SUBROUTINE,FIT(IDIM,NPAR,B,BMIN,BMAX,Y,IOUT)l
MAIN LINE PROGRAM FOR SUBROUTINE BSOLVE
WRITTEN BY W.BALL MODIFIED FOR XPROF BY W.C.S8. PICK

s
=3
=z .
FS

DESCRIPTION OF USER’ PARAMETERS

NN = NUMBER OF DATA POINTS OR NUMBER OF EQUATIONS

KK = NUMBER OF. UNKNOWN COEFFICIENTS .
B = VECTOR OF UNKNOWN ' COEFFICIENTS ‘ f/)
BMIN = VECTOR OF MINIMUM VALUES OF B
BMAX = VECTOR OF MAXIMUM VALUES OF B R
X = VECTOR OF THE INDEPENDENT VARIABLE DATA POINTS(1l)
Y = VECTOR OF DEPENDENT VARIABLE
PH = LEAST SQUARES OBJECTIVE FUNCTION
Z = COMPUTED VALUES OF DEPENDENT VARIABLE
BV = CODE VECTOR: 1.0¢FOR NUHERICAL DERIVITAVES

(1) THIS PROGRAM IS CURRENTLY SET UP FOR ONE INDEPENDENT VARIABLE

DESCRIPTION OF OUTPUT PARAMETERS ,

ICON = THE NUMBER OF COEFFICIENTS NOT SATISFYING THE
CRITERION

B = THE FINAL VALUE OF THE REGRESSION. COEFFICIEN

YCAL .= THE VALUE OF THE DEPENDENT CALCULATED FRQ)

| COEFFICIENTS N

dOOOOOOOO‘OOOGOOOO;OOOO()OO00.

DIMENSION P(2000), A(16 18) ,AC(16,18), FV(16) D
- DIMENSION B(16),Z(250),Y(IDIM),BV(16),BMIN(16) ,BM
COMMON X (500) : ‘ -
C  EXTERNAL FUNC

¢ NI = 1 . Ty
NO = 1

€ READ IN NUMBER OF DATA POINTS, UNKNOWNS.

c READ (NI,*) NN, KK _ o
© NN=IDIM :

© .~ KK=NPAR

COl1l . FORMAT (8110)

READ IN INITIAL GUESSES.

READ (NI, *) (B(J), J=1 KK)

12 =~ FORMAT(BE10.3) ‘ B
. READ IN LIMITS ON VARIABLES : :
- READ (NI,#*) (BMIN(J), J=1,KK) -

READ (NI, *) (BMAX(J), J=1l,KK)
READ IN INDEPENDENT VARIABLES.
READ IN DEPENDENT VARIABLES. .
READ (NI, *) (X(I), I=1,NN) : ’
READ(NI, *) (Y(I),I=1,NN) :
847 FORMAT(IOFB 6)
851~FORMAT(1GF8 4)
) 0.0
¥ 0.0 . .
" TAUZ0.0 « \ e

NDnNODOONOOOO0O~
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EPS=0.0 .
PHMIN=0.0 A : ‘
140 - 2 ,
KD=KK v v -
FV(1)=0.0 : v
‘ DO 100 J=1,KK _ : ‘ '
. BV(J)=1 - _ ' ' : : "
100 CONTINUE . :
ICON=KK
ITER = 0 ,
WRITE (IOUT,015)
015 FORMAT (1H1,10X,27HBSOLVE REGRESSION ALGORITHM )
c WRITE (NO, 018) . _
Cl8  FORMAT(' ',//,' RAW DATA ',//,12X,'X',14X,' Y ')
c DO 701 J=1,NN
C701  WRITE(NO,017)X(J),Y(J)
| WRITE (NO, 016) . _
016 FORMAT(' ',//,' . INITIAL GUESSES = UPPER LIMITS LOWER
1) , » :
- DO 700 J=1,KK o :
700  WRITE(NO,017)}BtH , BMAX (J), BMIN(J)
017  FORMAT (3E17.3)
1050 DO 1099 ICONT=1,10

200 CALL BSOLVE(KK,'B,NN, Z,;'  FNU, FLA, TAU, EPS, PHMIN, I, ICON, FV, DV, BV,
1BMIN, BMAX,P,DERIV,KD,A, AMM)
ITER=ITER+1 .

WRITE (NO,001) ICON PH, ITER : . .
<~ 001 FORMAT (/, 2X 6HICON = ,13,4X, SHPH = ,E15.8,4X, 16HITERATION

1 ,13)
IF (ICON) 10, 300, 1099
10 IF (ICON+1) 20, 60, 1099 7
20 ° LF . (ICON+2) 30, 70, 1099 -

30 IF (ICON+3) 40, 80, 1099

40 IF (ICON¥4) 50, 90, 1099 Ghe _ '

50, GO TO: 95 : e R

1099 CONTINUE o
DO 1100 J=1,KK . S ‘ -

1100 WRITE(1, 018)J B(J) :

018 TFORMAT(2X,I5,1PE1S5. e)

- - WRITE(1,1110)

1110 . FORMAT('ENTER "1" TO STOP ITERATIONS') , '
READ(1,*) ISTOP ‘ ' : , ' ¢
.IF(ISTQP.EQ.1) GO TO 1000 ’

GO TO 1050

60 , WRITE (NO,004)

004  FORMAT (//,2X,32HNO FUNCTION IMPROVEMENT POSSIBLE ) A

. GO TO 300 Y
70  WRITE (NO,005) : ' - :
005 = FORMAT (//,2X, 28HMORE UNKNOWNS THAN FUNCTIONS)
GO TO 300 : : . :

80 © WRITE (NO,006) . 0 :
006 FORMAT (//,2X, 24HTOTAL VARIABLES ARE.ZERO)
GO TO 300 . C v
90 . WRITE ( :
007 FORMAT // 2X, 79HCORRECTIONS SATISFY: convzncsucs REQUIREMFNTJ
- 1LAMDA FACTOR (FLA) STILL LARGE) R .
. GO, TO_300 - “
95 WRITE (NO,008) : g
008 FORMAT (//,2X, 20HTHIS IS NOT POSSIBLE)

-



-300
002.

003~
400

Cé65

C66
63

- 67
1000

‘GO.TO 300 R S ‘ o ,

-

WRITE (IOUT,002)
FORMAT (//,2X, 26HSOLUTIONS OF THE EQUATIONS)
DO 400 J=1,KK

WRITE (IOUT, 003) J, B(J)

FORMAT (/,2X, 2HB(,12,4H) = ,E16.8)
CONTINUE .
WRITE (NO, 65) 4
FORMAT(//,9X, ' X Y "YCAL'/)
SUM2=0.0

DO 63 IE=1,NN i

SUM2=SUM2+ (Y (1E) - Z(1E))**2

WRITE (NO, 66) IE,X(IE),Y(IE),Z(IE)

FORMAT (5X,12,3E12.4)
CONTINUE

WRITE (NO, 67.) SUM2

"FORMAT (//, 'THE LEAST. EQUARES OBJECTIVE FUNCTION =

RETURN
END

142
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9.12 Subroutine FOR . - : . -

FTN4 - e
SUBROUTINE FOR(Y,IDIM,KCNTR,NFQR,A,B,IOUT)
DIMENSION Y (IDIM)
DOUBLE. PRECISION A (NFOR),B(NFOR)
DOUBLE PRECISION ARG, PI, ASUM BSUM
© PI=3.1415926535898
N=2*NFOR+1
NM1=N-1
DO 50 JPl=1l,NFOR
J=JP1-1"
ASUM=0. .
BSUM=0.
DO 25 KPNT=1,N
K=KPNT-1-NFOR
KINDX=KCNTR+K
ARG=2. *PI*FLOAT(J*K)/FLOAT(NMI)
ASUM=ASUM + Y (KINDX)*DCOS (ARG)
: BSUM=BSUM + Y(KINDX)*DSIN(ARG)
25 CONTINUE
A(JP1l)=2.*ASUM/FLOAT (NM1)
B(JPl)=2.%BSUM/ (PLOAT (NM1))
50 CONTINUE
WRITE (IOUT, 70)
70 FORMAT(/, 12x ' FOURIER COEFFICIENTS',/ 5X,'J
& 'B(J)*,8X,'AMP(J)"',//)
NFORO=AﬁINO(41,NFOR)
DO 90 JPl=1,NFORO
J=JP1-1 _ *
AMP= (A (JP1) *A(JP1) + B(JP1)*B(JPl))**0.5
WRITE (IOUT,80) J,A(JPl),B(JP1l),AMP Y
80 FORMAT (3X,I3,3(5X,1PE10.3)) = .
90 CONTINUE '
.~ RETURN
" END

*,9X, 'A(J) ", 9X
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9.1‘5\ Subrgutine MACHP -

SUBROUTINE MACHP(FR, FI,GR,GI, NFOR ,HR,HI) o

ROUTINE. TO FOLD TWO PEAKS TOGETHER,

. H-= F*G

DOUBLE PRECISION FR(NFOR),FI(NFOR),GR(NFOR),GI (NFOR)
DOUBLE PRECISION HR(NFOR),HI (NFOR)

DO 30 JPl=1,NFOR

HR (JP1)= (FR (JP1) *GR(JP1) -FI (JP1) *GI (JP1) ) JGR(¥)

HI (JP1)=¢FR(JP1) *GI (GP1)+FI (JPl)*GR(JPl))/GR(l)
CONTINUE

RETURN ‘ i |
END
]
N
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- 9.14 . Subroutine MARAD

SUBROUTINE MARAD(FR,NFOR,ADF, PS,NADF,AREAl, IOUP A JPILO)
DOUBLE PRECISION FR(NFOR) SUM1,SUM2
DIMENSION "ADF (400) ,PS(400)

- ROUTINE TO DETERMINE THE AREA Wé/iHTED LéNGTH DISTRIBUTION

A

~C-—-- FUNCTION FROM THE REAL FOURIER COEFFICIENTS FR(JP1)

AanN00NO000

39

KEY VARIABLES:
~ A=The Fourier distance, nm
\PS(JPl)- A length given by: PS(JPl)=(JPl-1. 5)-A
ADF(JPI)- The area welghted distribution function
- normalized to sum(ADF)-l 0

WRITE(1,10)

10 FORMAT('ENTER "1" TO LIST THE AREA: WEIGHTED DIST. FUNCTION')

READ(1,*) ILIST
IF(ILIST.NE.1) GO TO 100 o - . -

RLAM=0.1542
RAD=3.1415926/180.
WRITE (IOUT, 20)
20 FORMAT(/,5X, 'AREA WEIGHTED DISTRIBUTION FUNCTION'/,2X,
& 'FOURIER FREQUENCY LENGTH. DISTRIBUTION FUNCTION',/,
& ‘ (NM) )

SUM1=0.
SUM2=0.

DO 30 I=1,NADF , -
PS(I)=0. o
ADF(I)=0.
30 CONTINUE
DO 35 JP1=2,JP1LO
PS(JPl)-(FLOAT(JPl 1)-0. 5)*A
35 CONTINUE

DO 38 JP1=JP1LO,JP1LO+2
J=JP1-1
PS(JP1)=(FLOAT(J)~0.5) *A
ADF (JPl) =(FR(JP1-2) -FR(JP1-1) - FR(JP1)+FR(JP1+1))/2
IF(ADF(JPY).GT.0.0) GOTO 39
ADF (JP1)=0.0
SUHl-SUH1+PS(JPl)*ADF(JPl)
. SUM2=SUM2+ADF (JP1)

.cozafnus ‘ '
»’ :
DO WO JP1=JP1LO+2,NADF- . . ’

J=JP1-1 v

PS(JP1)=(FLOAT(J)-0.5) *A ‘
ADF(JP1)=(FR(JP1-2) -FR(JP1-1) - FR(JP1)+FR(JP1+U)/2
SUM1=SUM1+PS (JP1)*ADF (JP1)

SUM2=SUM2+ADF (JP1)

40 CONTINUE 5



50
60
65
70
100

-
PSAV=SUM1/SUM2

DO 60 JPl=1l , NADF )
J=JPl-1 \1
2*A)

ADF (JP1) =ADF (JP1)/ (SUM2#A
WRITE (IOUT,50) J,PS(JP1),ADF(JP1)
FORMAT(5X,15,10X,F10.3,5X,F10.7)
CONTINUE -
WRITE (IOUT,70) JPSAV

FORMAT(//,2X, "THE AREA AVERAGE LENGTH IS:

RETURN
END

',F10.2,' NM')
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&
9.15 Subroutine MVOLD -

~

FTN4
' . SUBROUTINE MVOLD(FR, NF R VDF PS5, NVDF, AREAl, IOUT, A, JPILO)
DOUBLE PRECISION FR(N R) SUM1,SUM2
DIMENSION VDF(400),PS(400) s
c

£ . v
WRITE(1,10)

, . \
10 FORMAT ( 'ENTER "1" TO LIST THE VOLUME WEIGHTED DISTR. FUNCTION')
READ(1,*) ILIST -

IF(ILIST.NE.1) GO TO 100

c
RLAM=0.1542
RAD=3.1415926/180.
¢
WRITE (IOUT,20)
20 FORMAT (/, 5X, ' VOLUME WEIGHTED DISTRIBUTION FUNCTION' /,2x
& 'FOURI\BJEBEQUENCY LENGTH DISTRIBUTION FUNCTION',/,2X
& R (NM) ) '
C ’ -
SUM1=0. .
SUM2=0.

DQ 30 I=1, NVDF
PS(1)=0.
VDF (I)=0.
30 CONTINUE
DO 35 JP1=2,JP1LO
v PS(JPl)—(FLOAT(JPl 1) =0.5) %A
35 CONTINUE v

(2]

DO 38 JP1=JP1LO,JP1LO+2
J=JP1-1 '
FACT=(FLOAT(J)-0.5)
PS(JP1l)=(FLOAT(J)-0.5) *A ‘
VDF(JP1l)=(FR(JP1-2)-FR(JP1~ 1)—FR(J91)+FR(JP1+;)1~FACT/2

IF (VDF (JP1).GT.0.0) GOTO 39
VDF (JP1)=0.0

39  SUM1=SUM1+PS (JP1)*VDF(JP1)
SUM2=SUM2+VDF (JP1l)

38.. CONTINUE

o

DO 40 JP1=JP1LO+2,NVDF
J=JP1-1
- FACT=(FLOAT(J)-0.5)
PS(JP1)=(FLOAT(J)-0.5 ) %A
VDF(Jpl)g(FR(Jpl-z)-FR(Jpl—l)-Fgljpl)+rR(Jpl+1))~FACT/2.
SUM1=SUM1+PS (JP1) *VDF (JP1) .

SUM2=SUM2+VDF (JP1) ‘ '
40 CONTINUE . : o
C : '

PSAV=SUM1 /SUM2
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DO 60 JPl=1,NVDF
¢ J=JP1-1 _
VDF(JP1)=VDF (JP1)/ (SUM2*A) g
: WRITE(IOUT,S0) J,PS(JPl),VDF{(JP1)
50 FORMAT (5X,I15,10X,F10.3,5X,F10.7)
60 CONTINUE
65  WRITE(IOUT,70) PSAV ‘
70 "FORMAT(//,2X, 'THE AVERAGE PARATICLE SIZE IS: ',Fl0.
100  RETURN -
‘ END !
L]
§
»
-y

> &
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* 9.16 Subroutife NEWPK ',-
]

FTN4 o
SUBROUTINE NEWPK (B,NPAR, IDIMR,RINTN, IANG, RINT, IOUT)
DIMENSION B(12); RIﬁ#ﬁ(IDxﬂn) IANG (IDIMR) | RINT (IDIMR)
COMMON X(500)

CALL FUNG (NPAR, B, IDIMR, RINYW, FV) PR
c
WRITE(1,40) . ?
40 FORMAT ('ENTER "1" TO LIST THE VOIGT FIT PEAK')
READ (1, *) ILIST
IF(ILIST.NE.1) GO TO 100
WRITE(IOUT,50) ,
50 FORMAT(//,'PEAK COMPARISON'/,5X, 'ANGLE',3X, 'OLD PEAK'
s - & 3X,'NEW ANGLE',3X,'NEW PEAK')
DO 70 K=1,IDIM .
ANG=FLOAT ( IANG (K) ) /100.
WRITE (IOUT, 60) ANG,RINT(K),X(K), RINTN(K)
60 FORMAT (3X,4(5X,F8.2))
70 CONTINUE
100 RETUEN

END

149
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N »
9,17 s»%;routine NEWX
"ﬂ‘ .

&

f

SUBROUTINE NEWX(B,IDIM,WIDTH)
DIMENSION B(6)

"COMMON X (500)

X(1)=B(3)-WIDTH/2.
XDEL=WIDTH/ FLOAT (IDIM-1)

DO 20 K=2,IDIM
X(K)=X(K-1)+XDEL

CONTINUE

RETURN _ . .
END

150
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9.18 Subroutine NINIT

FTN4 o

SUBROUTINE NINIT(NAMEI MINAN, MAXAN, NPEAK PMAX, PRANG)
DIMENSION NAMEL (5) ,CATID(2)

WRITE(1,10)
10  FORMAT(/, 'ENTER THE FILE LOCATION OF THE RAW DATA °)
READ(1,15) (NAMEl(J),I=1,3)
15  FORMAT (3A2)

WRITE(1,40)
40 FORMAT (/, 'ENTER THE APPROXIMATE PEAK LOCATION AND THE RANGE',
& ' OF INTEREST')
READ (1, *) PMAX, PRANG v
MINAN=IFIX ((PMAX-PRANG/2.)*100.)
MAXAN=IFIX ( (PMAX+PRANG/2.)%100.)
WRITE(1,50) .
‘50 FORMAT(/,' ENTER THE NUMBER OF PEAKS, NPEAK')
READ(1,*) NPEAK
WRITE(1,70)

70 FORMAT('ENTER THE CATALYST IDENTIFICATIOH CODE (EG PIl6)')
READ(1,%5) (CATID(I),I=1,2)
WRITE(IOUT,80) (CATID(I),I=1,2)

B0 FORMAT(//,10X, 'FOURIER ANALYSIS
RETURN ‘

END ! ¥

AKS IN CATALYST: ',7X2)
‘ \ .

" ' . i



LA

9.19 Subroutine NNNPK v
N, M .

FTN4 » R oo ‘ : - ' -
SUBROUTINE "NP)&(B NPAR, IDIMR,RINTN, IANG,RINT, IOUT) .

e DIMENSION B(12),nINTN(IDIMR),IANG(IDIHR) RINT (IDIMR)

- . COMMON X(SOO/ L .

- CALL. FUNC(NPAR B, IDIMR RINTN FV) :

WRITE(1, 403 : ' ‘
40 FORMAT('ENTER "1" TO LIST THE VOIGT FIT ?54 ")
"~ 'READ(1,*) ILIST
IF(ILIST.NE.1) GQ TO 100
DO 70 K=1,IDIMR °* L : .
X(K)"IFIX(X(K)*lo_O-) ' : )
WRITE(IOUT,60) X(K),RINTN(K) '
|60 FORMAT(4X,I5,4%,F8.3) . . : - A
- 70 CONTINUE ' SRR R,
100 RETURN
. END . ) B .

o
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9.20 Sgbroutine NREAD

. TON NAME(S), IDCB(ldd) IBUF(lO) IANG(lOOO) RINT (1000)
AEL OPEN (IDCB,IERR,NAME,O,NAME(4), NAME(S))
IF(IERR.LT.0) GO TO 100 -
- KK=0 ‘
WRITE(I 5) (NAME(I) I=1,3)
5. FORMAT(/,'ENTER THE 'SCALING FACTOR FOR FILE ', 3A2)
_READ(1,*) SCALl
DO 50 K=1,10000 -
DO 10 I=1,10 .
:IBUF(I)=2H _ - h
10  CONTINUE
KK=KK+1 . :
CALL READF (IDCB, IERR, IBUF,10, LEN) ' ‘ -
IF(IERR.LT.0) GO TO 80
IF(LEN.EQ.-1) GO TO 100
CALL CODE '
REAP (IBUF, *) IANG (KK), RINT(KK)
RINT (KK) =RINT (KK) *SCAL1
IF/(IANG(KK) .GT.MAXAN) GO TO 55°
IF (IANG(KK) .LT. MINAR) ‘KK=0 ’
50 CONTINUE
55 CONTINUE
IDEL=2* (IANG (3) -IANG(2)),6 _ B

<

" : . v

N IDIM=(KK-1)/2+1 S

77

DO 77 I=1,IDIM S .o
IXI=I*2~-1 . , . ot
IANG(I)=IANG(II) . ‘

RINT(I)=RINT(II)
CONTINUE - . ‘
GO TO 10Q. N e _ o
80" WRITE(l 90) IERR e ‘ A ‘ ~
90 FORMAT(/,5X, 'TROUBLE. IN FMP CALL, ROUTINE RREAD. IERR= ', I5)

- 100 RETURN

END _ o . K
. L
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: f9.21ﬂ5ubroutine PROF

‘,l:',w?" A ‘
FTN4 . Rl

SUBROUTINE PROF(HR,HI,GR,GI,FR,Fi}NFOR,IOUT) L
DOUBLE PRECISION HR(NFOR);HI(NFOR),GR(NFQR),G;(NEOR)

DOUBLE PRECISION DEN,FR(NFOR),FI(NFOR) - (—
c . ' : . . ' .
FO=H0/GO - ; - €'l
c . | v
DO 20 JPl=1,NFOR
. DEN=GR(JP1)*GR(JP1) + GI(JPL)+GI(JP1) , .
FR(JP1)=(HR(JP1) *GR(JP1) +HI(JP1)*GI(JP1)) /DEN - R
FI(JP1)=(HI(JP1)*GR(JP1) - HR(JPl)*GI(JPl)%/DEN e
20 ° CONTINUE e . , < f**\
c : :

WRITE (IOUT,30) : .
30 . FORMAT(/,20X,'** PURE PROFILE FOURIER COEFFICIENTS *on
& /,10X,'J',8X; 'FR',8X,'FI',7X, 'AMP',/)
R po! 50 JP1=1,NFOR '
J=JP1-1 . ‘ '
AMP=(FR(JP1) *FR(JP1) + FI(JP1)*FI(JP1))**0.5
WRITE (IOUT,40) J,ER(JP1),FI(JP1),AMP

’

,.p-

40 FORMAT (6X, 15,3 (2X,F8.3))

50 CONTINUE
- RETURN * _ v
END n : @
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10

50
55

80
90
100

9.22 Subroutine RREAD

SUBROUTINE RREAD(IDCB NAME, MINAN, MAXAN, IDEL, IDIM; I'ANG, RINR)
DIMENSION NAME(S5),IDCB(144),IBUF(10), IANG(IOOO) RINT(IOOON

CALL OPEN (IDCB,IERR,NAME;O,NAME(4), NAME (5)) ‘ v
*IF (IERR.LT.0) GO TO 100 - 2
KK=0 - . .
WRITE(1,S) (NAME(I) I=1,3) ' : 5
FORMAT(/, 'ENTER THE SCALING FACTOR FOR FILE ',63A2) Co T

READ(1,*) SCAL1 . o
DO 50 K=1,10000 _ : - .
DO 10 1-1,10 . . ¢ '
IBUF(I)=2H
CONTINUE
. KK=KK+1 ' " ' ' 4
CALL READF (IDCB, IERR, IBUF, 10, LEN) ‘ s
" IF(IERR.LT.0) GO TO 80 ‘ -
IF(LEN.EQ.-1) GO TO 100 : o gl
CALL CODE ' : o
"READ (IBUF, *) IANG(KK) RINT(KK) ‘ ' 2
RINT(KK)=RINT(KX)*SCAL1 . oo
IF (IANG.(KK) .GT.MAXAN) GO TO 55 S .
IF (IANG (KK) .LT. MINAN) KK=0 ' E

EONTINUE . L NEE

CONTINUE - - T : ~ . m
IDEL=IANG(3)-IANG(2) - : .
IDIM=KK -

GO TO 100

WRITE(1,90) IERR . -
FORMAT(/,5X, 'TROUBLE IN FMP CALL, ROUTINE RREAD. IERR= ',I5) |
RETURN

END
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9.23 Subroutine WIND1

FTN4 ’ : .
SUBROUTINE WINDI(RINT KCNTR NFOR, IDIM) : v .
DIMENSION RINT(IDIM) »
COMMON X(500) ' \
N=NFOR*2+1 ' .
PI=3.1415926535
WRITE(1,10)
10  FORMAT('ENTER "1" TO APPLY THE MODIFIED HANNING WINDOW®),
READ(1, *) IWIN,
IF(IWIN.NE.1) GO TO 100
WRITE(1,20) N
20 ° FORMAT ('ENTER THE NO. OF TAPERED COEFS. IN THE WINDOW, M2M',

&' /,5X, ' (TOTAL NO. OF POINTS=',I4,')') b b
READ(1,*)M2M S :
M=M2M/2 e ' )
DO 60 K=1,N ' ' RO '

'KENDX=KCNTR-NFOR-1+K
IF(K.GT.M) GO TO 30
ARG=PI* (FLOAT(K)-1.5) /FLOAT (M)
WIN=0.5%(1. -COS(ARG))
GO TO S50
30 IF(K.GT.N-M) GO TO 40
© WIN=1. ‘
GO TO 50 ,
40 _ ARG=PI* (FLOAT(N-K)+0.5)/FLOAT (M)
- WIN=0.5%(1.~COS (ARG) )- \
50  RINT(KINDX)=RINT (KINDX)*WIN ’
60 CONTINUE .

) e

PEd

o "
X WRITE(1,70)
70 - FORMAT('ENTER "1" TOA$IST SPLIT COS BELL WINDOW FITTED SERIES')
. READ(1,*) ILIST W 3
IF(ILIST.NE.1) GO To.loo
DO 90 K=1,N
KINDX=KCNTR=NFOR-1+K ®
i WRITE(1,80) X(KINDX), RINT(KINDX) :
80 FORMAT (2 (5X; F10. 2))
"90 CONTINUE : -
100 -RETURN ' ' _ .

END



10. Appendix B. Tabulation of R¥sults . ,
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cated in this

Data sheets for each of the runs are .

'appendix. The names &f the x-ray difﬁ;ac£i§ﬁ;ﬁile§ fEJthe -
HP-1000 computer andothe,pafameters u;ed in gbt;inigg~tﬁe
subtracteaadﬁffraétiop patterné are.presented;' The parame-
tersAin the’functiqp used to fit the subtractgd pattergs

(Eq. 5.3), the fraction of Pt detected, and the various av-

‘erage Pt crystallite sizes are also presented for each run.

-

e
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\DATA‘AND RESULTS SHEET FOR XRD PATTERNS .

4‘{.-‘\ -

XRD Data Files: T T
Catalyst: XRYU1S5 . Supporf: XRYUO4

Catalyst Identxf1cat10n° GC1-1 ?‘
Platinum Loading: 1.05 wt%

‘
)

Parameters for Subtraction of Support Pattern

Scaling Factor for Catalyst = 1.0
Scaling Factor for Support = 0.95
Baseline Correction Parameters:
 +  angle ( ° 26 ) 36.0, 44.0
: magnitude(c/s) 13.0, 2.0

Results of Fitting Subtracted Pattern

‘Centre of Fit = 39.694 .°26
Range of Angle Fit = #4 °26 .
.Fraction of Pt Detected by XRD = 0.21

Parameter_Values in F1tt1ng Eunction:
- B1=8.110 B2=128.434 B3=39.694 B4=0.500
. B5=6.036 B6=4.205 B7=1,034 B8=0.559

o Number of Iterations = 173; Fit Converged: Yes
' Residual Sum of Errors Squared = 138 (c/s)?
Maximum Intensity of Fitted Peak = 14.15 .c/s
Integrated Area = 13.25 (c/s * °260)
Width at Half-height = 0.0107 radians ,
" Integral Width = 0.0163 radians ' o

Calculated Pt Crystallite«Sizes'

»~  "Dijz (Based on Half-w1dth) =,13 82 nm
D, (Based onglnt. width) = 10.Q04 nm
LT <Da> (Fourier .26 Am -
- .7 <Dv> (Fourjer S98shm TE
e



DATA AND RESULTS SHEET FOR XRD PATTERNS

XRD Data Files:
Catalyst: XRYU16 ‘ Support: XRYUO4

Catalyst Identification: GC1-2
Platinum Loading: 1.05 wt%

Parameters for Subtraction of Suppdrt Pattern

‘Scaling Factor for Catalyst = 1.0

Scaling Factor for Support =.0.95

Baseline Correction Parameters:
angle ( ° 26 ) 36.0, 44.0
magnitude{(c/s) 10.0, -1.0

Results of Fitting Subtracted Pattern

lzdentre‘of Fit = 39.69 °26
Range of Angle Fit = +4 °26
Fraction of Pt Detected by XRD = 0.42

Parameter Values in Fitting Function:
B1=18.602 B2=92.052 B3=39.692 B4=0.500
B5=11.135 B6=8.33J'B7=0.928 B8=0.608

159

Number of Iterations = 286; Fit Converged: Yes

Residual Sum of Errors Squared = 152 (c/s)?
Maximum Intensity of Fitted Peak = 29.74 c¢/s

" Integrated Area = 26.68 (c/s x°26)
Width at Half-height = 0.00932 radians
Integral Width = 0.0157 radians L

Calculate? Pt Crystallite Sizes

D12 (Based on Half-width) 15.84 nm

D; (Based on Int. width) 10.45 nm
<Da> (Fourier Analysis) = 7.80 nm

-—<Dv> (Fourier Analysis) = 11.37 '-nm

/
S
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DATA AND RESULTS SHEET FOR XRD PATTERNS

)

XRD Data Files:
Catalyst: XRYU17 Support: XRYUO4

Catalyst Identification: GC1-3
Platinum Loading: 1.05 wt¥%

Parameters for Subtraction of Support Pattern

Scaling Factor for Catalyst = 1.0

Scaling Factor for Support = 0.95

Baseline Correction Paraggkters:
angle ( ° 24.) 36.0, %E.O 7 : ,
magnitude(c/s) 11.0, .0 §

Results of Fitting Subtracted Pattern

Centre of Fit = 39,69 °2¢
Range of Angle Fit = %4 °26 o
Fraction of Pt Detected by XRD = 0.59

Parameter Values in Fitting Function:
B1=27.913 B2=75,302 B3=39.694 B4=0,572
B5=17.937 B6=75.910 B7=1.263 B8 =0.557

Number of Iterafjens = 19; Fit Converged: Yes
Residual Sum of® Errerd Squared = 142 (c/s)?
Maximum Intensity of Fitted Peak = 45.85 c/s

Integrated Area = 37.15 (c/s *°26)
Width at Half-height = 0.00896 radians
Integral Width = 0.01414 radians

: D -

Caltula;ﬁ&é?t>Crystallite‘sizes
D,@wf’(Basea on Half-width) = 16.47 nm
D, ¥ . (Based on Int. width) = 11.66 nm

®Da> (Fourier Analysis) = 9.35 nm
4<<Dv> (Fourier Analysis) 12.50 nm

k3

W
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DATA AND RESULTS SHEET FOR XRD PATTERNS

XRD Data Files:
Catalyst: XRY26 ‘ ' Support: XRYUO4

Catalyst Identification: GC1-4
Platinum -Loading: 1.05 wt%

-
L A

Parameters for Subtraction of Support Pattern

Scaling Factor for Catalyst = 1.0

Scaling Factor for Support = 0.95

Baseline Correction Parameters:
angle ( ° 26 ) 36.0, 44.0
magnitude(c/s) 11.0, -1.0

Results of Fitting Subtracted Pattern

Centre of Fit = 39.685 °26
Range of Angle Fit = +4 °26
- Fraction of Pt Detected by XRD = 0. 40

Parameter Values in Fitting Function;:
B1=16.860 B2=93.434 B3=39.685 B4=0.567
B5=20,258 B6=6.119 B7=1.552 BB=0.836

Number of Iterations = 23; Fit Converged: Yes
Residual Sum of Errors Squared = 69 (c/s)?
Maximum Intensity of Fitted Peak = 37.12 c/s

Integrated Area = 25.07 (c/s *°26)
Width at Half-height = 0.00832 radians
Integral Width = 0.01179 radians

Calculated Pt Crystallite Sizes

D2 (Based on Half-width) = 17,74 nm
D,  (Based on Int. width) = 13.91 nm
<Da> (Fourier Analysis) 10.14 nm
<Dv> (Fourier Analysis) 13.48 nm
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DATA AND RESULTS SHE£¥'FOR XRD PATTERNS

XRD Data Files:
Catalyst: XRYUBO Support:*XRYUO4

Catalyst Identification: GC1-5
Platinum Loading: 1.05 wt%

Parameters for_SuBtraction of Support Patfern

Scaling Factor for Catalyst = 1.0

Scaling Factor for Support = 0.95°

Baseline Correction Parameters:
angle ( ° 26 ) 36.0, 44.0
magnitude(c/s) 10.0, -2.0

Results of Fitting Subtracted’ Pattern

Centre of Fit = 39,77 °26
- Range of Angle Fit = *4 °24 :
Fraction of Pt Detected by XRD = 0.48

Parameter Values in Fitting Function:
B1=18.064 B2=85.234 B3=39.772 B4=0.867.
B5=18.271 B6=50.023 B7=34.020 B8=0.682

> Number of Iterations = 234; Fit Converged: no
Residual Sum of Errors Squared = 305 (c/g)?
Maximum Intensity of Fitted Peak = 46.63 c/s

Integrated Area = 30.46 (c/s %°26)
Width at Half-height = 0.00834 radians
Integral Width = 0.0114 radians

Calculated Pt Crystallite Sizes

D,,, (Based on Half-width) = 17.69 nm
D, - (Based on Int. width) = 14.36 om
<Da> (Fourier Analysis) = 10.57 nm
<Dv> (Fourier Analysis) = 13.59 nm



DATA AND RESULTS SHEET FOR XRD PATTERNS
d

C XRD Data Files:
Catalyst: XRYU31 Support: XRYUO4

Catalyst Identification: GC1-6
Platinum Loading: 1.05 wt¥%

Parameters for Subtraction of Suppor%;Pattern

Scaling Factor for Catalyst = 1.0
< Scaling Factor for Support = 0.95
Baseline Correction Parameters:
angle ( ° 26 ) 36.0, 44.0
magnitude(c/s) 10.0, -3.0

Results of Fitting Subtracted Pattern

Centre of Fit = 39.687 °26
Range of Angle Fit = #4 °26
Fraction of Pt Detected by XRD = 0.69

Parameter Values in'Fitting Function:
B1=46.501 B2=27.924 B3=39.687 B8=0.839
B5=12.140 B6=11.989 B7=0.981 B850.653

Number of Iterations = 19; Fit Converged: Yes
Residual Sum of Errors Squared = 178 (c¢/s)?
‘Maximum Intensity of Fitted Peak = 58.64 c/s

Intpgrated Area = 43.89 (c/s * °20)
Width at Half-height = 0,00866 radians
Integral Width = 0.0130 radians

(4

Calculated Pt Crystallite Sizes

- D2 ®Based on Half-width) 17.04 nm
e o "D, (Based on Int. width) = 12.56 nm
S <Da> (Fourier Analysis) = 8.28 nm
<Dv> (Fourier Analysis) = 12.17 nm

LT

A TS
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DATA AND RESULTg“ SHEET FOR XRD PATTERNS

XRD Data Files:
Catalyst: XRYU32 ~ Support: XRYUO04

Catalyst Identification: GC1-7
Platinum Loading: 1%05 wt%

Parameters for Subtraction of Support Pattern

Scaling Factor for Catalyst = 1.0

Scaling Factor for Support = 0.95

Baseline Correction Parameters:
angle ( ° 26 ) 36.0, 44.0
magnitude(c/s) 11.0, -2.0

Results of Fitting Subtracted Pattern ‘ ';,_ &

Centre of Fit = 39.694 °26 ’ o ;
Range. of Angle Fit = %4 °2¢ ' oow Lt
Fraction of Pt Detected by XRD = 0.75 . U

Parameter Values in Fitting Function: °~ ™ e
B1=65.51 B2=13.303 B3s39.694 B4=1.377 . S
B5=0.353 B6=3.676 B7=0.746 B8=0.697 S

Number of Iterations = 13; Fit Converged: Yes;. . ' "~ .
Residual Sum of Errors Squared = 119 (c/s)? PRI
Maximum Intensity of Fitted Peak = 64.86 ¢/s-. -~ =% =~

Integrated Area = 42.32 (c/s * °26) ';‘ R
Width at Half-height = 0.00854 radians Co
Integral Width = 0.0114 radians _ -

Calculated Pt Crystallite Sizes

Dy, (Based on Half-width) = 17.34 nm
D, (Based on Int. width) = 14.40 nm
<Da> (Fourier Analysis) = 8.80 nm

<Dv> (Fourier Analysis) 12.52 nm.
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DATA AND RESULTS SHEET FOR XRD PATTERNS

L]

" XRD Data Files:
Catalyst: . XRYU33 Support: XRYUO4
’
Catalyst Identification: GC1:8
Platinum Loadings 1.05 wt%

Parameters for Subtraction of Support Pattern

Scaling Factor for Catalyst = 1.0
Scaling Factor for Supgert = 0.95 .
Baseline Correction Pa?gmeters:

angle ( ° 260 ) 36.0, 44.0

magnitude(c/s) 9.0; -3.0

\ “
Results of Fitting Subtracted Pattern:

Centre of Fit = 39.687 %26
Range of Angle Fit = x4 °26
Fraction of Pt Detected by XRD = 0.72

B1=63.135 B2=12.:798+83239,687 B4=1.285
B5=3.530 B6=15,581 B7=2.355 B8=0.704

Parameter Values in g&uting Function:

Number of Iterations = 67; Fit Converged: Yes
Residual Sum of Errors Squared = 161 (c/s)?
Maximum Intensity of Fitted Peak = 66.60 c/s

Integrated Area = 4%.65 (c/s ¥ °26)
Width at Half-height = 0.00871 radians
Integral Width = 0.012p radians

Calculated Pt Crystallite Sizes’ﬁg

D,,» (Based on Half-width) = 16.88 n S
D, (Based on Int. widthﬁ? 13.66 nm .
<Da> (Fourier Analysis) 9.06 nm
12.40 nm

<Dv> (Fourier Analysis)

non
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DATA AND RESULTS.SHEET'FOR XRD PATTERNS

"

‘,d" ' L
- _ ; XRD Data F11es'

" Catalyst: XRY130 Support. XRYU04

S Catalyst Ident1f1cat10n' GC1 9
° 3 Platlnum Load1ng. 1.05 wt%

-Pagameters for 5qbtraction of SUpport Pattern

Scaling Factor for Catalyst = 1.0
_Scaling Factor for Support = 0.95
"Baseline Correctiop Parameters: . o
"~ angle (*+° 29 ) 36.0, 44.0 PR 'S
, magnitude(c/s) 3.0, 3.0 : B

<

Results of Eitt{ng Subtracted Pattern

Centre of F1t = *39.659 ©29
‘Range of Angle Fit = ¢ °26
Fract1on of Pt Detected by XRD = 0. 46

.1Earameter Values‘ln Flttlng Functioni
. B1=36.801'B2=47.932 B3=39.659 B4=0,971
'B5=12.511 B6=0.491 B7=14,377 B8=0.587

"Ndmber ef itefations =,31;‘Eit Convergedi Yeeé_
- Residual ¢ of Errors Squared = 210 (c/s)? -
o Maximum qity of Fitted Peak = 49.31}c/s

. Integrated Area = 29. 06‘(c/s * °26) .
» Wrdth at "‘Half- helght = 0,0073 radlans

'Integral Wldth = 0.0103 radians
’

m B

Calenlated'Pt_CryStallite‘Siaes R

e T ' - ¥ . :
D1/z. (Based on Half-width) = 20.25 nm, &
D, - "-fBased on Int. width) = 16.94 nm '
,<Da> (Fourier Afalysis) 10.79 nm. :
"14.40 nm

<Dv> (Fourler -Analysis)

. ",;ll

!
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DATA AND. RESULTS SHEET FOR XRD PATTERNS

- XRD Data Filgs:

Catalyst: xny134' : Support: XRYUO4

‘ Catalyst Identlflcatlo + GC1-10 "
o l"’Plat1ﬁ:m”hoauim<;{. : 5 wt% '

Parameters féz iﬁh;rac;ﬁgn of Support Pattern"‘r

Scaling Factor for Catalyst = 1.6 e
Scaling Factor for Support = 0.95 _ ] -
Baseline Correction Parameters: = \\w

angle ( ° 26 ) 36.0, 44.0 ‘ :
" * magnitudef(c/s) 5.0, ‘74.0

L

RéSults qf’Fitting_Subtracfed Pattern

39.670 °29
Fit = #4 °20.

. Fractlon t Detected by XRD = 0.26
. S el § oL \ ‘
; ‘a‘w’Pardmeter ValJ!s in Fitting Function:

B1=24.876 B2=18, 824 B3=39.670 B4=2. 138
»B5 5, 273 B6=7. 873 B7 0. 549 B8=0.454

: e
Number of Iteratlons = 35 Fit Converged: Yes
Residual Sum of.ErrorSquuared = 292 (c/s)?
Maximumklntensity of Fitted Peak = 30.15 c/s
@ X oo ! ,)
Integraéed Area = 16.22 (c/s * °26) &\
Width at Half-height = 0.00711 radian
Inﬁi\ral Wwidth = 0.00939 radlans

. /'
/

Calculat%g Pt Crysta111te S1zes

o
W

' VD,/r‘ (Bas on Half w1dt ) 20. 76 nm .
. Dy - . (Baged on'Int. wi ) = 17.46 nm
"+ <Da> (Fourigk &ﬁaﬁ&ﬁ%s) “11:64 nm .

<pv> (Fogrl ' 1;5) ﬂ4 81 nm

3

||"&{; .

- R i~ ; v
\ - R et e R Lo
) L g M .. .
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DATA AND RESULTS SHEET FOR XRD PATTERNS

" \ J
XRD Data Files:

. Catalyst: XRYU46 & Support: XRYU67
Catalyst Identification: GC2-1°
Platinum Loading: 1.12 wt¥%

Parameters. for Subtraction of Support Pattern

Scaling Factor for Catalyst = 1.0

Scallng Factor for Support = 0.95

Baseline Correct1on Parameter5°
“angle ( ° 26 ) 38.0, 42.0
magnitude(c/s) 4.0, 7.0

.'Results of Fittina~5ubtracteq'?attern

‘ggentre offFit = 39. 890»920
;Range of Angle Fit = 4 °26
;Fraction of Pt Detected by - XRD = 0,15

‘Parameter Values in F1tt1ng~Function:
'B,1=1.980-B2=0.005 B3=39.891 B4=20.000
B5=0:032 B6=3.653 B7=20.00 B8=1.500

+

Number of Iterations ='310; Fit Converged: Yes

Residual Sum of Errors quar = 152 (c/s)?"
Maximum Inten51ty of Fltte Pbeak = 2.01ac/s-

Integrated Area = 9.74 (C/ x °26) oo

Width at Half-height =.0.0974 radlans
,Int/gral Wldth =,0.0847 radlans

*

Caubulatedgpt Crystallite Sizes

viD1/z \uased on HalT width) = 1. 52'nm
D,  (Based on Int. width) ="1,94 nm
<Qp> (Fourier Analysis) < 2.00:Am

> <Dv> (Eourler Analy51s) < 2, OO'nm -

@ e s om B .
4 e R : 4
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DATA AND RESULTS SHEET FOR XRD PATTERNS

6 Bl

A}

.  XRD Data Files:
.Catalyst: XRY106 ~ Support: XRYU87
Catalyst Identiflcation' ‘GC2-2
Platlnum Loadlng t2 wt%

Parameters for Subtract1on ‘of Support Pattern

Scallng Factor for Catalyst E 1.0 -

Scaling Factor for Support = 0.95

Baseline Correction Parameters:\
angle ( ° 28% 36.0, 44.0
magn1tude(c/s) 1.0, 74.0

Results of F1tt1ng Subtracted Pattern A

Centie of Fit = 39.752 °26 S

Range of le Fit = +4 °26 : :
Fracti &of Detected by XRD = 0.90
® T

s Parameter Values in Fitting Function:
i ‘B1=7.869 B2=0.#M00 B3=39,752 B4=2,412
B5=12.438 B6=0\§ 39 B7=0.853 B8=1, 242

Number of Iterafigns = 100; Fit Convergéd:-Yes
‘Residual Sum of ¥rrors Squared =.210 (c/s)?
Maximum Intensity of Fitted Peak = 20 p1 c/s
Integrated prea = 56 94 (c/s * °26)
Width at Half-height = 0. 0445 radians
Integral Wldth = 0.0489 " erlans

I

Calculated Pt Crystdil1te Sizes

4

}v Df/z' (Based on Half- w1dth) = 3.32 nm
D, (Based on Int. width) = 3.35 .nm .
<Da> (Fourier Analysis) = 4.99 nm! ,

~ <Dv> (Fourier Analy51s)"3 37 nm

L s ’\‘\
.o i
"B
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)‘DATA’AND RESULTS SHEET FOR XRD PATTERNS

: XRD Data Fxles'a

P Catalyst' x,RY107 1 Support° XRYUS7
Catalyst Ident'ification: GG2-3 |
‘Platinum Loading: 1.12 wt%

[‘nl?arameters.for Subtraction of Support Pattern
i ’ - . e ' , v 4 . .
Scaling Factor for Catalyst = 1.0
Scaling Factor for Support = 0.95
. Baseline Correctlon Parameters: @

angle ( %426 )$36.0, 44.0 S .
magnltudﬁc‘{s) 1. 0 2,0. -
0 ~ * X
t‘ Results of F1tt1ng Subtracted l{attern ':
L ] .; N . . .

T Cenus e of Fit = 39,752 20 . g
-~ Rang®.of Angle Fitm= x4 °26
Fraction of t Detected DY ﬁﬂb“@- 0. 69
: r
... parameber Values in F1tt1ng F‘unctlon.
B1=4.819 B2=0.1%1 B3=39%752 B4=3.894 .
B5=9. 953 B6= 0.412 B7=0, 932 BB 0.959 - .

Number of Iteratlons 2‘@ Fit Conver ed"'Y‘es _
Residual Sum of Errors Squared = 210 (c/s)? ¢
Maximum Intensity of Fitted Peak = 14.77 c/s.

2 .
5

" Integrated Area . = 43.84 (c/s % °26) : -
Width atygalf helgh‘t = 0.0478 radians ‘
Integral idth = 0.0518 radians - B

)

Calc'ul‘ated Pt Crystall—xte Sizes -

oy -

Dy, (Based on Half- w1dth) 3, 09 m
(Based on Int. width) % 3.17 ngh\ SRR
“<Da> (Fourier Analysis) = 4 94 nm - o
N <Dv> (Fourler Analysis), =5 03 nm 7 AR
L 1. y ‘“V.:" o . ‘
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DATA AND RESULT%gSHEET FOR XRD PATTERNS .
| Y -

VI

I xwta Files: »
Catalyst: XRY109 L ]

Support: XRYU87 |

atalyst-Identification' GC2-4
Platinum Loading' .12 wgéh

i»callng Factor for Catalyst = 1.0

Scaling Factor for Support = 0.95,

‘Baseline ,Correction Parameters: g ‘ o
angle ( ° 26 ) 36.0, 44.0 .. ' - )

magnitude(c/s) 4.0; 3.0 . : '

"Results of Fitting Subtracted Pattern
Centre of Fit = 39.667 °26 )
'Range of Angle Fit = 4 °26 v
Fractlon of Pt Detected by XRD = 0.26

Parameter Values in F1tt1ng F ctiom:
..,B1=2.204. B2=0.017.B3=39.667 B&11..188
B5=2, 238 B6=0 112 B7=1.:403 B8=1,500

Number of Iterations = 61; Fit Cunverged: Yes
# Residual Sum of Errors Squared = 180 (c/s)?
Max imum Intensity of Fitfed Peak = 4.26 c/s

Integrated Area = 16. 49 (c/s * °208) " .
¢ wWidth at Half-height = 0.0639 radians .
 Integral Width =-0.0675 radians .

ﬁ{CelcuIateq Pt ngstailite Sizes

Dy, (Based on Half-width) = 2.31 nm
D (Based on Int. width) = 2.43 nm’ . )
.~ <Ba> (Fourier Analysis) = 4.39 -mm’ ,r,f, TR
- <Dv> (Four1er Analys1s) 4.74 nm AL -

2

] II



DATA AND RESULTS SHEET FOR XRD PATTERNS

KRD Data@Flﬂes' e @

Catalyst° xmms ﬁsupport'; XRYUB‘Z -

LI

' 1 :
Catalyst I.:S‘entlflcatlomi dﬁf.S' o ‘
Platlnum Loading: 1. 12 wt% ‘ fmbf »~3t,;gy

Paraméters for Subtraction of Suﬁport Pat%;vq

4

A Scallng Factor for Catalyst = 1.0
-Scaling Factor for Support = 0.95

, Baseline Correction Parameters: .

@ ~angle ( ° 26°) 36.0, 44.0 " : T
: magnitude(c/s) 4.0, 3 0 : Lo

L . Q-

Results “of ?itting Shbtracted Pattern P
L, cent of Fit'= 39.854 °26
Y Range of Angle Fit = 24 °26 _— »
‘Fractlon of Pt Detected by XRD =§O.15

Parameter Values in. F1tt1ng Functlon' ¥
B1=0.715 B2=12,776 B3=39.854 B4=0.759

© B5=3, O%BG 0.395 B7 1.128 BWB* "

Number 8? Iterations = 31; Fit Converged: Yes .
‘Rgsidual Sum,of ErrorslSqua:ed = 290 (c/s)?
Maximum Intensity of Fitted Peak = 3.7 c/s

by : Integrated Area = 9 29 dc/s ’I=-°2€34!1h’iﬁ
-~ Width at.Half-height = 0395 radi
_ Integral Width = 0 p429 fadi‘«an.%fi

; - '
Calculated Pt Crystallxte a1zes
,/ Dj/z (Based on: Half~w1dth) = 3.74 nm
D, .. (Based-on Int. width) = 3,82 nm

ﬁ%a> (Fourier Analysis) 4,49 nm

<Dv> (Fourier Analysis) = 4.57 nm

! S
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* DATA AND RESULTS SHEET FOR XRD.PATTERNS

1

XRD Data Files:
. Catalyst: XRY142°

v Catalyst Identification:”GC2-6
‘ Platinum Loading: 1.12 wt% ..

Pagpmeters for Subtract1on of Support Pattern e gﬁﬂgwﬁ?

R
Scé&lng Fieter for‘%atalyé% g b»O e
Scal1nq Factor for Support = 0.95
« Baseline Correction Parameters: -
angle ( ° 26 ) 38.0, 42.0
magnitude(c/s) 1.0, 1.0

Results of Fitting Subtracted Pattern

Centre of Fit = 39.719 °26
Range of Angle Fit = t4 °26 ,
Fraction of Pt Detected by XRD = 1.00

///‘ '~ Parameter Values in }1tt1ng Function:

B1=29.801 B2=5,381 B3=39,719 B4=0.903
'aoB5—15 016 B6=1.831 B7=1,00% B8= 0 862

«

{

| Support: XRYU87

'Y

B

173

Number of Iterations = 33; Fit Convenged Yes s

Residual Sum of Errors Squared = 90 (c/s)?
“Maximum Intensity of Fltted Peak = 44.82-c/s

‘e '

Integrated Area = 63.48 (c/s * °26)
 Width at Half-height = 0.0188 Ead}ans
Integral Wldth = 0.0247 rad1ans

o~

Calculated Pt Crysfaliite~sizas

D:,, {(Based on Half-width) = 7.85 nm
D, (Based on” Int. width) = 6.64 nm
<Da> (Fourier Analysis) = 6.29 nm-

= 7.57.nm

<Dyv> (Fourier Analysis)

[
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'DATA AND RESULTS SHEET FOR Q PATTERNS

o)

. = XRD Data Files:

Catalyst: XRY146 ‘ Support: XRYUB7>
Catalystﬁdent1f1cat1on- GC2- ?&u

Platinum Loadin 12 we% ¢

. ,5(5"‘

of Suppogg ,Pattern

,Parameters for‘SUbtracti

]

Scal1ng Factor for Catalyst = 1, 0

Scaling Factor for Support.= 0.9%
Baseline Correction Parameters:
angle ( ° 26 ) 38.0, 42.0
magnitude{(c/s) 5.0, -1.0 ~™*

Results of Fitting Subtracted'Patterﬁi
Centre of Fit .= 39.688 °26
Range of Angle Fit = 4 °26
, Fract1on of Pt Detected by. XRD = 0.68

Parameter Values in F1tt1ng Functions
B1=32.888 .B2=3.822 B3= 3% .688 B4=1,975
B5—10 917 B6=2.547 .B7=0. 500 B8=1.065

“Number of Itarations = 26; Fit‘Converged: Yes
‘Residual Sum of Errors Squared = 140 (c/s)? .
Maximum Intensity of Fitted Peak = 43.81 c/s -

e Intégrated Area = 43.14 (c/5 % °20) K
Width at Half-Height = 0.0136 radians
Integral width £ 0.0172 radians .

. .
Calculated Pt Crystalllte Sizes v -
D,/z (Based on Half- w1dth) = 10 87 nm
! (Based on Int. w1dth) = 9.53 nm
' <Da> (Fourietr Analysis) = 7.87 nm
<D‘g {Fourier Analy51s) 9.02 nm

1 II

]
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DATA AND RESULTS SHEET FOR XRD PATTERNS

o XRD Data Files:
5" L ~
¢ Catalyst: XRYT48 Support: XRYU87

Catalyst Identificationm: GC2-8
- Platinum Loading: 1.12 wt%

Parameters for Subtraction of Support Pattern-
Scaling Factor for Catalyst = 1.0 oo
Scaling Factor for Support = 0.95 = ,
Baseline Correction Parameters- g

.angle ( ° 26 ) 36.0, 44.0- )
magnitude(c/s) 5.0; —3MQ%

-

Results of F1tt1ng Subtracted Pattggn
~Centre of F1t = 39 688 °2&§§ »
Range’ ‘of Angle Fit = 4 °2§ ﬁ’k
Fraction of Pt Detected by XRD = 0.68

Parameter VealUes in'Fitting'Function: o ) .
B1=24.563 B2=2.£19 B3=39,688 B4=1,231 N
B5ﬁ12 382 BB=7,112 B7=1.363 B8=0.928

-

Number of Iterations = 119 Fit anverged Yes
Residual Sum of Errors Squared = 158 (c/s)
Maximum Intensity of Fitted Peak = 36.945 c/s

ﬁ’ L

—

'Integrated Area = 43.46 (c/s * °26)
Width at Half-height = 0.0143 radians - '
Integral Width = 0.0205 radians

Calculated Pt Crystallite Wgze¥ - ’

Dy, - (Based on Half-width) = 10.32 nm
D,” (Based on Int. width) = 8.00 nm
<Da> (Fourier Analysis) 5.96 nm

<pv> (Fourier Analysis) 7.87 nm
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DATA AND RESULTS SHEET FOR XRD ‘PATTERNS

¥

XRD Data Files:

»
\

Catalyst: XRY151 4 Support: XRYU87

Catalyst Identification: GC2-9
- Platinum Loading: 1.12 wt¥%

Parameters for Subtraction of Support Pattern

Scaling Factor" for Catalyst = 1,0
Scaling Factor for Support = 0.95
Baseline Correction Parameters:

ngle ( ° 26 ) 36.0, 44.0
'gnitude(c/s) 3.0, -2.0 ' .
. : 7. ' -~ .

Results of Fitting Subkracted Pattern
. .
Centre of [Fit = 39.441 °20 : -
Range of Angle Fit = +4 ¥3¢ \
‘Fraction of ‘Pt Detected by XRD = 0.00

Parameter Values ‘in F1tt1ng Function: .
no Pt detected - no f1tt;ng p0551ble BERN

Number'of Iterations = 80; F1t Converged: No
) | ‘ e :
Integrated Area = 0.00 ‘
Width at Half-height = *%%%*% radians
Integral Width = *%**%* radians
L 4

Calculated Pt Crystallite Sizes

Dy, (Baseé on Half-width) < 2.00 nm )
D; - (Based on Int. width) < 2,00 nm

<Da> (Fourier Analysis) < 2.0¢ nm »
<Dv> (Fourier Analysis) < 2.00 nm
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DATA AND RESULTS SHEEY FOR XRD PATTERNS

>

XRD Data Files: o *

-
»

Cataiyst: XRY 153 " < Support: XRYU87

~Catalyst Identification: GC2-10
Platinum Loading: 1.12 wt%

Parameters for Subtraction of Support Pattern

Scaling Factor for Catalyst = 1.0
Scaling Factor for Support = 0.95 SR
Baseline Correction Parameters:, g
angle( ° 26 ) 36.0, 44.0» .
magnitude(c/s) 3.0, -3.0 :

«

-

Results of Fitting Subtracted Pattern "™
v \ —
Centre of Fit = 39.695 °26 | s
Range of .Angle Fit = t4 °26
Fraction of Pt Detected by XRD = 1.00

Parameter Values in Fitting Function:.
7/ §1=16.798 B2=8.560 B3=39.695 B4=0.630
B5=19.476 B6=1.121 B7=0.868 B8=0.982
. L S S
*Number of Iterations = 47; Fit Converged: Yes
Residual Sum of Errors Squared = 180 (c/s)?
Maximum Intensity of Fitted Peak = 36.27 c/s

7 /"
4

Integrateg Area = 63.60 (c/s * °20) h
‘Width at Half-height = 0.0244 radians
Integral width =0.0306 radians PN

" ’ < A -
N . . . . PR ) o .
. - - ;b L st e

.Calculated}Pt;C:yﬁ":}

U el
D12 (Based- &
D, (Baseds oh."T ol

<Da> (Fouridf Analysis
<Dv> (Fourter Analysis

¢

-
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DATA AND RESULTY{ FOR XRD PATTERNS

v

a File®: T

Catalyst: XRY1 Support: XRYU87

Catalyst Identlflqgtlon. GC2-11
Platinum Loading:. \1.12 wt%

~

Parameters for Subtraction of Support Pattern
Scaling Fa¢tor for Catalyst = 1,0 - B
Scaling Factor for Support = 0.95
Baseline Correction Parameters:

angle ( ° 26 ) 36.0, 44.0

magnitude(c/s) 6.0, -4.0 o

: X | .
Results o?nFitting Subtracted Pattern o

"Centre of Fit = .671 .°26  ° :
Range of Angle Fit = x4 926 _ ~
Fractlon of Pt Detected by XRD = 0.80 :

Parameter Values in Fitting Function:
* B1=39.954 B2=41.135 B3=39.671 B4=0.644
B5=14.883 B6=0. 791 B7=2,488 BB8=1, 180

Number of Iteratloqs = 2\1; Fit Converged Yes
Residual Sum of Errors Suared = 211 (c/s)?
‘Maximum Intensity of Fittled Peak = 54.83 c/s

.

7. &n egfgued Area = 51,20 (c/s 20)
Width at Half~ helght = 0.0099TYradians
Integral Width = O163,radians »

‘l

Calﬂulated»?ﬁ‘nystallitg Slzes

D, 2 (Based on Half width) = 14.90 nm : —
- D;  (Based on Int. width) = 10.06 nm" '
<Da> (Fourier Analysis) = 8. 07 nm
<Dv> (Fourier Analysis) = 10.31 nm °
' \



Caltulated’Pt Crystallite Sizes.

.
ro

DATA AND RESULTS SHEET FOR XRD PATTERNS' ;

XRD Data Files:
Catalyst: XRY157

Catalyst Identification: GC2-12
Platinum Loading: 1,12 wt%

)

Support: XRYUB7

4

Parameters for Subtraction of Suppert Pattern

Scaling Factor for Catalyst = 1.0

Scaling Factor for Support = 0.95

Baseline Correction Parameters:
angle ( ° 26 ) 36.0, 44.0
magnitude(c/s) 4.0, -6.0

Results of Fitting Subtracted. Pattern

Centre of Fit = 39.678 °26
" Range of Angle Fit = #4 °26 ,
Fraction of Pt Detected by XRD = 1.00

Parameter Values in Fitting Function:
B1=155.862 B2=96.732 B3=39.678 B4=0.859
B5=6.328-B6=16.447 B7f0.500 B8=1.009

e

Number of Itérétions = 17; Fit Coﬁvefged: Yes
Residual Sum of Errors Squared = 208 (c/s)?
Maximum Intensity of Fitted Peak = 162.19 c¢/s

-

Ihteérated‘Areagf 63.66 (c/s * °26)
' Width &4t Half-height = 0.00668 radians
Integral Width 30.006_85 radians :

v

Dy, (Based'on Half-widthy = 22.09 nm

D; (Based on Int. width) = 23.94 nm
<Da> (Fourier Analysis) = 13.00 nm
<Dv> (Fourier Analysis) = 20.28 nm

Y

*

179



T A | , © .80 -

\ . ' - . : . [N
. . R } - .

g \ N .\ s ,h'

. ot . <

Ne

~ DATK AND RESULTS SHEET FOR XRD PATTERNS.
' S ) BN . ] /./‘ . v o
o " XRD Data Files: o

-

~ .

' . .

Catalyst. XRY165. - Support?'XRYUB7
SN ;" Catalyst Identlflcatlon* Gc2-13
tooo \ilatlnum Leading: 1.12 ye%

. l . _
or Subtfgct1pn of %uppogt Pattern

Scallng Factor for Catalyst 1.0 . ¥
Scaling ‘Factor for SggPort = 0.95

Parameters

v

e

Baseline.Correctlon- rameters:
anglb ( 26 ) 36 44,0, _
‘magnxtude(c/s5 6.0, T 0 '.T\ L

Results of Fitting Subtracted_Patggrn, R 3

~ Centre of Fit = 39, s94_°2e'. -
Range of Angle Fit = %4 °26 ST

B F%act1on of Pt Deteife by XRD = 0.20

‘Parameter Values in Flttlng_Functlon' }
B1=8.389.B2=1£48,308 B3=39,694 B4=0.509
B5 33. 520 B6 91 483 B7 1.733 BB 0. 523

-~

Numbkr of Iterat10ﬂs = 330; Fit Converged Yes
Residual Sum of Errors. Squared (c/s)?
+Maximum Intenslty of Fitted Peak = 41. 91 c/s

Idtegrated'Area<='12.46 (c/s *-°20) o
. 'Width at Half-height = 0.00499 radians
Integral Width = 0.00519 radians

Calculatéd PtJCfYStallite Sizes = = ' - . C
Lo : - 3 - )
D,,; (Based on Half-width) = 29.56 nm
'D;  (Based on Int. width) = 31.59 nm

- <Da> (Fourier Analysis) = 11.84 nm 2
<Dv> : (Fourler Ana1y51s) = 24,19 nm
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'DATA AND RESULTS SHEET FOR XRD PATTERNS - =

i

XRD Data Files:

Catalyst' XRY211

Catalyst Identlflcatlon. GC3-1
Platlnum Loading: 5. 06 wt%

Scaking Factor for Catalyst = 1.0
S8caling Factor fot Support = 0. 90
Baseline Correction’ Parameters —
angle (- ° 26 ) 36.0, 4% »
- magnitude(c/s) -2.0, 0

'+ Results of Fittihg Subtracted Pattern

Centre of Flt = 39.697 °26
Range of Angle Fit = 14 °26 )
Fractlon of Pt Detected by XRD =(0.37

Al

~

Pardmeter Values 1n'F1tt1ng Function:

B1=23.087 B2=0,123 B3=39.682 B4=1.670 .

B5=20.013 B6=3,214.B7=1;1%7f§8=0.921

Number of Iterations ='50; Fit Converged

Support. XRY196

Parameters forISubtract’bn of Support Pattern

.4

Residual Sum of Errors Squared = 340 (c/s)?

Maximum Inten51ty of Fltted Peak = 43, 10 c/s -

Integrated Area =118, 30 (c/s *° 29)

width at Half-height = 0.0503 radians ;
Integral width = 0. 00582 rad1an& .

'. Calculated PthCrystallfte sizes

Di/z' ﬂBased on Half-width) = 2.93 nm

D, {Based on Int. width) = 3.42 nm
<Da> (Fourier Analysis) = 4.44 nm %
= 4,81 nm

<Dv> (Fourler Analysis)

5
[P

-

L}

’;\.

Yes,



"Calculated Pt Crystallite‘stzes

DATA AND RESULTS SHEET FOR XRD PATTERNS '

N 0

S
' .. XRD Data F11e5° ."

»

5
Catalyst. XRY204

. I
. Catalyst Identlflcatlon- GC3-2 .,
v Platinum Loading: 5.06. wt%

Scallng Factor for Catalyst = 1.0

Scaling Faotor for Support = 0.90

Baseline Correction Parameters :
angle ( ° 26 ') 36.0, 44.0

" magnitude(c/s) 3.0, 4.0

Results of Fitting Subtracted Pattern
antre of Fit'='39.%643 °26

Range of Angle Fit = #4726

Fraction of Pt Detected by XRD = 0.63

(9

Parameter Values in Fitting Function:

" 'B1=6.506 B2=0.079 B3=39.643 B4=2.,970

B5=54.689 B6=0.361 B7=0.866 B8=1.187

Support' XRbeG

Parameteis for Subtrad&1on of Support Pattern

- , \ : PR
Number of Iterations = 60; Fit Converged i No .

Residual Sum of Errors Squared = 300 (c/s)*
Maximum_Intehsity of ‘Fitted Peak = 61.

Integrated Are "'3200 83 (c/s *°26)-
Wwidth at Half-H®ght = 0:0508 radians
Integral Width = 0. 0573 radians

~

D2 (Based on Half-width) =:2.91 nm
- D, (Based.on Int. width)> = 2,86 nm
‘<Da> (Fourier Analysis): .99 nm ;
<Dv> (Four1er Analysis) 5+ 40

’ '_';

f T

non
>

19 c/s ¢

S

-
R
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BATA AND{#ESULTS‘S?EETiFOﬁ XRD PATERNS .

A

. , .
- s . r o

s . N o

ERD Da;E F11es; T
’ : Y
Catalyst. XRY207 . . Suppoft: XRY 196
7 <o
Catalyst Identlflcatlon' GC3-3
Platinum Loading: 5 06 wt% -

Parameters for Subt%actiqq,of 8upport Pattern

Scalind Factdr for Catalyst = 1.0

Scaling Factor for Support = 0.90 .

Baseline Correction Parametgrs :
arigle ( ° Zﬂf) 36. 4440
magnltude c/s) -2.0

Results of F1tt1ng Subtracted Pattern

. Centre of Flt‘= 39.724 °26
Range of Angle Fit = x4 ©°26 . \
Fraction of Pt Detected by XRD 3¥¥;00‘

Par&meter values in Flttl@g Function:
B1=58.462 B2=0.286 B3=39.723 B4=3.055
B5=178.503 B6=3.133 B7=1.207 B8=0.986

K Number of Iterations = 54; Fit Converged

L)

No
Residual Sum of Errors Sguared = 111 (c/s)? .

Max1mum Inten51ty of F1tted Peak = 305.39 c/s

Integrated Area = 293 69 (c/s * 29)
' "Width at Half-height = 0.0173 radians’
’ Integral width = 0“68 radians '

Calculated Pt Crysta111te Sizes

" Dy, z,f(Based on Half- W1dth) = 9,48 nm-
Di - (Based on Int. width) = 9.77 nm
<Da> (Fourier Analysis) = 9.07 nm
<Dv> (Fourier: Analysis) = 10.35 nm
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DATA AND RESULTS SHEET FOR XRD PATTERNS -

. = | I \

'XRD Data Filés:

Catalyst.§XRY217 ~ " " support: Xky196 .

Catalyst Ident1f1cat10n° GC3-4-
Platinum’ Loading: 5.06 wt% -

hParameters<£or=Subtraction df'support‘Patterh

Scaling Factor for Catalyst = 1.0 T

Scaling Factor for Support = 0.90 .

\Baseline Correctlonwparameters s , |
angle ( ° 26°) 36.0, 44.0 g
magnitudeé(c/s) -2.0, -7.0 :

ReSults 6f Fitting Subtracted Pattern
. 4 . . ¢ R . . .
- Centre of Fit = 39,716 °26
Range of Angle Eit = +4 °26 -
Fraction of Pt Petected by XRD = (.89

 Parameter Values in Fltt;pg Fuﬁctlon' :

B1=65.470°B2=1.001 B3=39.717 B4=1.684 ]

) B52238,287 B6=5.224 B7=1.263 B8=0.994 ‘

-

~ Number of Iterations'=’24 Fit'Converged Yes

- Residual Sum of Errors Squared 320 (c/s)?

-*Maximum ‘Intensity of Fitted Peak = 303.75 c/s

..1 . . ‘ 5 .

Intégrated Area = 281.04 (c/s *°28)
Width at Half-height = 0.0128 radians.
Intégral Width = 0.0162 radlans ’

-

I - . . o

Calculated Pt CrystalliteCSizes

D,,, (Based on Half-width) = 11.53 nm -
D, . (Based on Int. width) = 10.16 nm .° -
<Da> (Fourier Analysis) = 8.79 nm

<Dv> (Fourier Analy51s) = 10.14 nm .
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DATA- AND nEsULrs SHEET FOR;XRDLPATTERNS-

T

’
&
.,

_ XRD Data Flles' o,

\

Support' XRY196 S

»

~flflcatmn. GC3 5

. . .0 '

Scaling Factor for' SuppoNt = 0 90 )
Baseline Correctian Paramdters : '

angle ( ° 26 ) 36,0, 44\0

-magnitude(c/s) 1.0, -&50

- hd

Results of Fitting Subtracted Pattern . = -

Centre of Fit = 39,732 °20 - t
Range of Angle Fit = t% °26 - N ,
Fract1on of Pt, Detected bf’KRD = 0,70

P

{
Parameter Values in F;ttlng Fupction:
B1=73.791 B2=5.779 B3=39.716 B¥%0.826
" B5=177.174 B6=8.421 B7=0.937 B8=0. 972
zNumber of Iterat1ons-— 17~ FBit Converged : Yes
"‘Residual Sum of Errors Squared = 290 (c/s)* , <
‘ Max1mum Inten51ty of Fltted Peak' = 251.06 c/s. .

Integra;ed Area =»223.25 (c/s *°29)
Width at Half-height = Q.00115 radians
Integral Width = 0,00155 radians

L 4

°

_Calculated Pt Crysféllite-sizes-‘
Di/z° (Based on Half- w1dth) = 12.81 nm ~ ;
D, (Based on Int. width) = 10.58 nm

<Da> (Fourier Analys1s) 9.43 nm

- ‘<Dv> (Foéurier Analysis) 11.04 .nm 7

B ]
Y N

o . ~
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) : XRD Data Files: N
A o o : : 2 v .
Catalyst: XRY234 . .Support: XRY196

. Caéélyst'ldénﬁification: GC3-6
- Platinum Loading: 5.06 wt%

Parameters for Subtraction of Support Pattern

. Scallng Factor for Catalyst = 1.0
+ 'Scaling Factor for Support = 0.90
Baseline Correctfon Parameters :
angle. ( > 26 ) 36.0, 44.0
magnitude(c/s) 4.0, -6.0

Ty R : ' .
‘V \ .
Results of Fitting Subtracted Pattern N
roo o : .
Centre of Fit = 39,732 °26 ‘ -

- Range of Angle Fit = t4 °26 v
Fraction of Pt Detected by XRD = 0.64 .,

Parameter Values'in Fitting Function:

* . B1=33.228 B2=0.772 B3=39.732 B4=1.625
B5=272.507 B6=0.500 B7=1,206 B8=0.877 *
Nyumber of Iterations = 17; Fit Converged : Yes
Residual Sum of Errors Squared' 410 (c/s)*
 Maximum Intensity of Fltted Peak = 245.736 c/s

Integrated Area = 204.164 (c/s %°26)
wWidth at ~height = 0.0113 radians
Integral Width ™= 0,0145 radigpé

o . s

‘Calculated Pt Crystallite Sizes ' :

b,/z (Based om Half-width) = 13200 nm -
D, (Based on Int. width) = 11.31 nm
<Da> .(Fqurier Analysis).#°9,76 nm

<Dv> (Fourler Analy51s),= 11.29 nm
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DATA AND RES&%TB SHEET FOR_XRD .PATTERNS \
——— : —— .
A 7 S

. XRD Data F11es'

4

xny237 , Support- XRY196

fﬁrametefs for Subtféctian of Support' Pattern

" Scaling Factor for .Catalyst = 1.0°
Scaling Factor for:Support = 0; 90 “,
Baseline Correction Parameters : .

angle’ ( ° 26 ) 36.0, 44,0 . T
magnitude(c/s) 4.0, -3.0 ‘ _

'Results of Fitting Subtracted Pattern
\dgnt;e of Fit = 39.742 °2¢ | ,
Range of Angle Fit = 4 °26 ' .

Fraction of Pt Detected by XRD = 0.59‘\

. Parameter- Values in F1tt1ng Function:
'B1=30.'967 B2=0.615 B3=39.741 B4=1, 521"
'B5=187.124 B6=7.808 B7=1.176 B8=0.939

: ; B ’

Number of Iterations = 21:;-Fit Converged

' 187

. Yes

Residual Sum' of Errors Squared = 360 (¢&/s)?

Maximum Intensity of Fitted Peak = 218.:0Q8
Integrated Area = 186.876 (c¥s %°26)
Wwidth at Half-height = 0.0107 radians
Integral Width = 0.0.149 radians

A

Calculated Pt Crystallite Sizes '_

»

Dijz ® (Based on Half-width) = 13.79 hm ,

D, (Based on Int. width) = 10.97 nm
<Da> (Fourier ‘Analysis) = 9,71 nm

<Dv> (Four1er Analysis) 11.65 nm

iL

c/s
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DATA.AND RESULTS SHEET FOR XRD PATTERNS
s ’ l “ !

" XRD Data Files:
& Catalyst:. XRY208 " Support: XRY196

Catalyst Identification: GC3-8
;4' ‘ Pla#&inum Loading: 5.06 %wt

Parameters for Subtraction of Sﬁpport Pattern

Scaling Factor' for Catalyst = 1.0
Scaling Factor for Support = 0,90
» Baseline  Correction Parameters : .’
angle ( ° 26 ) 36.0, 44.0 y y
magnitudeﬁc/s) 16.0.7.0

. ’

Results of Fitting Subtracted Pattern

Centre of Fit = 39.665 °26
Range of Angle Fit = %4 °26 ,
Fraction of Pt Detected by XRD = 0.19

\

Parameter Values in Fitting Function:

. B1=6,.782 B2=5,019.B3=39.664 B4=0.500
B5=9.610 B6=0.189 B7=0.690 B8=1.142 ,
Number of Itemations = 23; Fit"Converged : Ygs
Residual Sum of Errors Squared = 170 (c/s)?’
Maximum Intensity of Fitted Peak = 16.392 ¢/s

Integfatqd'éfea = 61.13 (c/s *°26)
Width at Half-height = 0.0584 gadians

Integral. Width = 0.0GQJ radian% £
. , \ . */ -
. Calculated Pt Crystallite Sizes
: 3 .7 ¢ ’
D,,, (Based on Half-width) = 2.53 nm
D, (Based on Int. width) = 2.52 nm

<Da> (Fourier Analysis).
<Dv> (Fourier Analysis)

4.69 nm
5.30 nm
- N
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DATA AND RESULTS SHEET FOR XRS PATTERNS

L JIKY

. S .
. T XRD Data Files: -

4 oy

: 'J'_C’a»ta*xi": XRY210 .. Support: XRY 196 -

Catalyst Ident1f1cat10n. GC3 9
Platinum Lpad1ng ‘5.06 %

W Y

Parametefs fgﬁyﬁubtractxon of Support Pattern

Scal1ng Factor ‘for Catalyst = 1.0
Scaling Factor  for Support = 0.90 )
Baseline Corregf§ion Parameters :

angle ( ° 28 ) 36.0, 44.0 - //ﬂj>ﬁ

magnitude(c/s)(&.c, 6.0

Results of Fitting .Subfracted Pattern
» .
Centre of Fit = 39.691 °26
Rangé of Angle Fit = +4 °20,
Fraction qf Pt Detected by XRD = 1,00

Parémeter Values:- ianittihg Function:
54.040 B2=35.743 B3=39. 691 B4=0.729
' B5 72. 356 B6=7. 132 B7=0, 928 B8=0.962

Number ol Iterat1ons = 17; Fit Converged : Yes
Residual Sum of Errors Squared = 210 ((c/s)?
Maximum Intensity of Fitted Peak = 426.396 c/s

Integrated Area = 316.965 (c/s %°26) 4

Width at Half-height = 0.00919 radians
~Integral Width = 0.0129 radlans

Caiculated Pt Crystallite Sizes
. .
D,,, (Based on Half-width) = 16.04 nm
D, (Based on Int. width) = 12,7) nm
<Da> (Fourier Analysis) = 10.02 nm
<Dv> (Fourier Analysys) = 12.59 nm

-
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DATA AND RESULTS SHEET FOR XRD PAT'I;ERNS'

. ~ XRD Data Filaséﬂ’

v
L]

" Catalyst: XRY213 A \/SﬁbboEt: XRY 196
Catalyst Identification:-GC3-10
- -, Platinum Loading: 5.06 %wt
‘ . v /S
Parameters for Subsractiqgn of Support Pattern
T ~
Scaling Factor for Catalyst = 0,322
Scaling Factor faok Support = 0.9Q
Baseline-Correctiorl Parametfers ;
angle ( ° 26 ) 36.0, 44.0 :
magnitude(c/s) 8.0, 8.0 . -

Results of Fitting Subtracted Pattern - -

Centre of Fit = 39.688 °26 -
Range of Angle Fit = #4 °26 : .
" Fraction of Pt Detected by XRD = 0.32 : L.

‘Parameter Values in Fitting Function:
'B1=35,928 B2=1.046 B3=39.688 B4=0.988
- B5=13,383 B6=21.384_B7=0.670 B8=0.983

Number of Iterations = 43;‘Fit Converged : Yes
Residual Sum of Errors Squared = 213 ((c/s)?
Maximum Intensity of Fitted Peak = 49.312 c/s
' , \

InxegrateéAArea = 100.971 (c/s #°26)
Width at Half-height = 0.0233 radians
Integral Width = 0.0357 radians '

Calculated Pt Crystallite Sizes T

D,,; (Based on Half-width) = 6:31 nm
D, (Based on Int. width) = 4.59 nm-
<Da> (Fourier Analysis) = 5.80 nm
<Dv> (Fourier Analysis) 7.00 nm

n
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DmAND RESULTS SHEET FOR XRD PATTERNS.
2 o : oy

- XRD Data Files: .

» ‘ v A .

Catalyst: XRY212 ° “Bupport: XRY196 .

[ . '

‘ Catalyst Identification: GC4-1
Platinum Loading: 5.06 wt%

Paramejers*tor Subtraction §£ Support Pattern
’ : ? - .

Scaling Factdr. for Catalyst = 1.0 .
Scaling Factor for Support = 0,90 -
'~ +Baseline Correction Pgrametersg
angle ( ° 26°) 36.p, 44.0 .
magnitude{c/s) 1

Results of Fitting Subtrac Pattern

Centre of Fit = 39.709 °2¢
Range of Angle Fit = +4 °26 . S
Fraction of Pt Detected by XRD = 0,32

Parameter Values in®Fitting Function:
B1=38.424 B2=2.514 B3=39.709 B4=0.652
BS=4. 604 B6=26.538 B7=0.500 B8=1.112

., s

. Number of Iterations = 80; Fit Converged: Yes
Residual Sum of Errors Squared = 190 (¢/s)?
Maximum Inten51ty of Fitted Peak = 43.03 c/s

¢
»

Integrated Area = 100.28 (c/s %°28)
Width at-g9lf helght = 0.0257 radians
Integral dtp .0406 radians ' -~

Calculated Pt Crystallite Sizes .

Di,. (Based on Half-width) = 5.74 nm
D, (Based on Int. width) = 4.04 nm .
" <Da> (Fourier Analysis) = 5.81 nm ‘

<Dv> (Fourier Analysis) = 6.61 nm

J N . . : . . :
. . _: . - ‘ P 3 (\
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DATA- AND RESULTS SHEE? FOR XRD PATTERNS

XRD Data Files:

~ Catalyst: XRY206 - Supporf: XRY 196
Catalyst Identification: GC4=2
- Platinum Load1ng 5.06 wt%
, o

Parameters for Subtraction of Support Pattern

Scallng Factor for Catalyst = 1.0

Scaling Factor for Support = 0.90

Baseline Correction Parameters:
angle ( ° 26 ) 36.0, 44.0
magnitude(c/s) 1.0, 4.0  «

©

Results of Fitting 5ubtraétedvpattern

Centre of Fit ¥ 39.671 °26 o
Range of An9167 it = +4 °26 o2
Fraction Qf .Pt Deteécted by XRD = 0.50

Parameter Values in Fitting Function:
4,798 B2=1,779 B3=39.671 B4=1.690
9.032 B6=0.314 B5=0.604 BB8=1.109

Number of Iteratlons = 37; Fit Converged: Yes
. Residual Sum of Errors Squered = 240 (c/s)?
« Maximum Intensity of Fitted Peak = 63.834 c/s

Integrat&d Area = 159.369 (c/s x°26)~
Width at Half-height = 0.0316 radians
Integral Width = 0.0436 radians

Calculated Pt Crystallite Sizes,

b,/z (Based on"Half—width) 4.67 nm D
. D, (Bpeed on Int. width) = 3.76 nm ‘
<Da> (Fourier Analysis) = 5.40.nm
<Dv> (Fourier Analysis) = 6.81 nm



’ ~C;'alculated' Pt C‘ryv’stall'i-teilzes

3

DATA' AND RESULTS - SHEET. FOR XRD PATTERNS

‘b} 2 (Based thHalf :
TD. - (Based on Int. w1dth) = 7.67 nm’

X

B XRH&Data Flles' |
. é-s T

. Catalyst' XRY221 i-u‘f”: Support- XRY2T9_

Catalyst Ident1f1catlon- GC4-3 .
Platlnum Loading: 5.06 wt% . L

Parameters jszubtraction ot'Support Pattern

Scaling Factor .[for Catalyst = 1.0 . .

Scaling Factor for Support = 0.90 .

Baseline Correctlon Parameter :
-~angle (°°.26.) 36.0,.44.0 '
"ﬁagqitude(c/s) =10.0, -1.0

aS

;Results of F1tt1ng Subtraeted Pattern-~'“

Centre of Fit = 39 722, °28 -
Rahge of Angle Fit = +4 °26 . — :

_Fractlon of Pt ﬁetected by XRD.=.0.92

7Parame£eJ¢Values in'Eittinngunction:

B1=58.462 B2=0.286 B3=39.722 B4=3,055 .
B5=128,504' B6=3.132 B7=1.207 B8=0.986

"Number of. Iterat1ons = 54; Fit Converged Yes

Residual Sum ef<Errors Squared 210 (c/s)"

. Maximum Intens1t)\of Fltted Peak = 236.97 c/s‘

""Integrated Area é 290 42 (c/s *226)
- Width at Half-height = 0. 5173 radians
Integral W1dth = 0,0214 radlans

~

¢
-width) = 8.53 nm

<ba> (Foyrier Analysis) = 7.40 nm
<Dv>E§Fou:1er ﬁnaly51s) =8.12 nm °

4
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DATA AND ‘RESULTS SHEET FOR,XRg/PATTERNS

/

» . N N /“
/ //
. XRD Data Filest =
% i R B / o
Catalyst: XRY224 o /Support: XRY 196
e N ,
Catalyst Identlflpatlon- GC4-4
PIatlnum Loadlpg 5 06 wt%

.Parameters foﬁ SubtractAon of Support Pattern
LA S
*Scaling Factor for Catalyst = 1,0
® Scaling Factor for Support = 0,90’
" Baseline Correctlon Parameters:
angle ( ° 26 ) 36r0 44,0
% ’ magnltude(c/s) ,‘—‘1.0

~

A

Results of.FiEﬁ{ng Sﬁbttaqted.Pattetn S R

- ‘Fit =.39,746 °26 ‘;. : PR
Range o ‘Angle Fit = +4 °26 -
Fract1‘n of Pt Detected by XRD = 0«87

Para eter Values-in F1tt1ng Function: .
20.651 B2=2.241 B3=39,746° B4=1.302
.B571Q7 934 BG 3. 876 B7=1.003 B8=0, 995

: Némber of Iteratlons = 7; F1t Converged: Yes
,ée51dual Sum of Errors Squared-= 271 (c/s)?
/Max1mum Inten51ty of Fltted Peak = 228.59 .¢c/s

P
v

vIntegrated.Anga_: 276.75 (¢/s *°29; o e
Width at Half-height. = 0.0167 radians
Integral Width =.0.0211 radians . L ’

- Galculated Pt Crystallite Sizes L

Dy, (Based on Half-width) = 8.84 nm
D, (Based on Int. width) = 7.77 nm_
<pa> (Fourier Analysis) = 7.46 nm
<Dv> (Fourler Analy51s) 8.21 nm.

Pl
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DATA AND RESULTS SHEET FOR XRD PATTERNS

A
/

. XRD Data Files:
| s
Catalyst' XRY231 - Support: XRY205

Catalyst Identlflcat10n°“GC445
. 'Platlnum Load1ng 5.06 wt%

3

Parameteps for Subtract1on of Support Pattern

Scai;ng Factor for Catalyst = 1.0
Scalxng Factor for Support = 0.90
Baseglne Correctlon Parameters :
..hgloi( £29). 36 0 44.0
'magnltude(c/s) 0, 10.0

”‘Resul s‘qf F1tt1ng Subtracted Pattern

“gCenfre of Fit = 39.763 °26 ' | L i,
;RanEe of Angle Fit = #4 °26 _ Y -
b Fract1on of Pt Detected by XRD = 0.70

Parameter values-in Fitting Function:
B1=38.015-B2=0.644 B3=39.763 'B4=1.348
B5=147,299 B6=9.088 B7=0.505 B8=0.995

.A

Number of ﬂ;ératlons = .17} Fit Converged : Yes
Residua® Sum of Errors Squared 280 (c/s)? :
_ Maxlmum-Intens1ty of 'Fitted Peak = 185, 314 c/s‘

Integrated Area = 220.423 (c/s *°26) :
‘Width at Half-height = 0.0154 radians |,
Integral/W1dth = 0.0208 radiang

>
!

Calculated Pt Crystallite Sizes

D2, (Based on Half-width) = 9.57 nm
D; (Based on Int. width) = 7.90 nm
<Da> (Fourier Analysis) = 7.83 nm

<Dv> (Fourier Analysis) = 8.78 nm
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DATA AND RESULTS SHEET FOR XRD- PATTERNS

L]

XRD Data Files:°,

Catalyst Identification: GC4-6
Platinum Loading: 5.06 wt%

'Parameters for Subtraction\of Supbor¥ Pattern

Scaling Factor for Catalyat = 1.0
Scaling Factor for Support = 0,90 -.

s Base11ne Correction Parameters ¢ ' /
angle' ( ° 260 ) 36.0, 44.0 R

!
!

magnltude(c/s) -1. 0 0.0 S

Results of Fitting Sﬁbtracted Pattern

@ Centre of Fit = 39.748°°26 |
Range of Angle Fit = 14 *2¥ - .
Fractlon of Pt Detected by XRD = 0.59.

I~

Parameter Values in F1tt1ng Function:
__B1=75.387 B2=7.576 B3=39,748 B4=0.713
"B5=106.461 B6=5.903 B7=1.156 BB=1.110 \\

Number of Iteratlons = 15; Fit Converged

Y Residual Sum of Errors Squared 270 (c/s)?
Max1mum Intensity of: Fitted Pgab”>\181.851t/s

lhtegraied Area = 188.32 (c/s %°920)
a, Width at Half-height = 0.0124 radians
.Integral;Wich = 0;0181 radians

El
. E

%1.
Calculated Pt Crysta111te Slzes

F Lm0
N *

D1/2' (Based on Half-width) = 11.87 nm
D, (Based on Int. width) = 9.08 nm
<Da> (Fourier Analysis) = 8.66 nm

<Dv> (Fourier Analysis) = 10.19 nmlj

4

Catalyst: XRY236 | Support: XRY205

-

o~ -
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