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FLUORIDE IN CATALYSTSAND : ‘ l»permlssxon of UmverSal Oil Products Com an
 ORGANIC COMPOUNDS BY = TR
SPECTROPHOTOMETRY -

UOP Method 667-86

SCOPE. E : _ ‘ ,
ThlS method is for determmmg ﬂuonde in- catalyst and organ compound

: ﬂuonde typically determined is 0.01 to 0.3%. Higher levels can, how “'er, be’ determmed Y. appro.
prxate rcducnon in sample size: and/or ahquotmg volumes. R

OUTLINE OF METHOD

Organic samplcs are fused with sodium peroxide in a peroxide bomb. The fusion productis. .
dissolved and an aliquot is subjected to the Willard-Winter steam distillation to isolate fluoride.
Catalyst samples are added directly to the distillation flask.-After distillation is complete, an ap- .
propriate sized aliquot of the distillate is treated with a buffered lanthanum-alizarin. complexon
reagent which forms a violet-colored complex with fluoride. The absorbance is measured by a spec
trophotometer against a reagent blank and the corresponding mlcrograms of fluotide are read froma . -
prevmusly prepared calibration curve. » o

APPARATUS
Balance, readability 0.1-mg

Beakers, 50- and 400-mL., Griffin, low form, double graduated, borosxhcate, Sargent-Welch :
Sc1ent1flc, Cat. Nos. §-4675-G and S- 4675-L., respectiv ely, or eqmvalent ‘ :

Cells, rectangular, type UV silica, path length 10-mm, matched w1th covers, Beckman Instru— :
ments Inc., Cat. No. 580012, or equivalent : '

Cylz‘nders, graduated, 10- and 100-mL, double graduated borosﬂlcate, Sa.rgent Welch o
Scientific, Cat. Nos. §-24663-B and S-24663-E, respectlvely, or equwalem s

Distillation apparatus, as shown in Figs. 1, 2,3 and 4, UOP Inc or equwalent

Flasks, volumetric, 25- and 200-mL, polycthylene stoppcr borosilicate, SargentﬂWelch Scxen—,.-':f"":
- tific, Cat. Nos. 5-34841-E and -J, respectively, or eqmvalent RSO '

Flasks, volumetric, 100-, 250-, 500- and 1000-mL, polypropylene, Nalgene, Sargent—Welch‘ o
‘Scientific, Cat. Nos. S- 34814—7OG J, K and L, respectively, or equivalent -

Funnel, analytical, 60°, fluted, short stem, borosilicate, Sargent-Welch Suentlfu., Cat. No.
S-34350-E, or equivalent

Heating mantle, for 500-mI round bottom flask, 270W- 115V Glas-Col Apparatus Co., Cat.
No. TM106, or equivalent

EFFECTIVE HEALTH AND SAFETY PRACTICES SHOULD BE FOLLOWED WHEN UTILIZING THIS PROCEDURE. FAILURE TO UTILIZE TH!S »
PROCEDURE IN THE MANNER PRESCRIBED HEREIN MAY BE HAZARDOUS.. IT IS THE USER'S RESPONSIBILITY TO ESTABLISH
APPROPRIATE PRECAUTIONARY PRACTICES AND TO DETERMINE THE APPLICABILITY OF REGULATORY LIMITATIONS PRIOR TO USE,
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Steam Delivery System

UOP METHOD 667



'PLATES FUSED
'DIRECTLY 10
= v-‘;-‘;GI-Ass

140

 STANDARD TAPER
3 24/40
‘l

/ .

9-mm OD

| _L
ey

~ ALL DIMENSIONS IN mm -

Figure 3
Condenser

UOP METHOD 667



'.Pipets, transfer. 1 2-,

667-86

‘Pestle, porcelam Sargen' VWelch Smentlﬁc, Cat No

or: equxvalent

pH Meter, equlpped with a combmatlon standard size epoxy: _body ﬂat bulk electrode and an ’4
ATC probe, Beckman Instruments Inc Model,pHI’lO or equwalent i i

- Nos. S- 69505»A

Pipets, transfer, specxal 25- and 50-mL Carefu!ly break or grmd apprommately 3-mm (1/8-, k
inch) off the lower end of the pipet so that the tip of the pipet is changed sufflclently to
allow very small pieces of carbon ‘to pass through without - pluggmg the plpet.'
Recalibrate the plpet : - .

Power controller, to fit above heatmg mantle, 600W 120V SA Glas-Col Apparatus Co Cat.
No. PL-~ 112 or equwalent : \ .

Spatula, double blade, spoon end, Sargent-Welch Sc1ent1ﬁc, Cat No S 75288 or equwalent y

Spectrometer, minimum of + 0.5% spectrophotometrxc accuracy, Beckman, Model 35 or
equwalent

Steam generator, see an 4. The following cmnponents, avaﬂable from Sargent-WeIch :
Scientific, or equwalent are requn‘ed : »

COrk ring, supportmg, 170-mm oD, 120-mm ID Cat No 5-23125D

Flask, round bottom, short ring neck, borosﬂlcate glass, 2-L, ‘Cat. No. 8- 33865K
Heater, lmmerswn, 1000W, Cat. No. S-40835-10E

Rubber stopper, black, size No. 10, Cat. No. S-73305P.

Tubing, borosilicate glass, standard wall, 6-mm OD, Cat No. 5-40125-E (i 2 m re-
quired)

Tubing, plastic, Tygon, medium wall, 9.5-mm OD >< 6.4-mm ID and 12.7-mm OD x
: 9.5-mm 1D, Cat. Nos. §-73650-D and F respectively

Transformer, variable, 120V, 10 A, Cat. No. 5-30940
Steam {rap, to remove condensed water from steam, see Fig. 4, comprised of the following:

Funnel, separatory, Squibb, stopper with Teflon plug, 250-mL, Sargem Welch
Scientific, Cat. No. S-35815-80D, or equivalent

“Rubber stopper, black, size No 4, Sargent-Welch Scientific, Cat. No. $-73305F, or
equivalent

Tube, connecting, glass 1”7, 6.4-mm OD, Sa.rgent-Welch Scientific, Cat. No. $-82725A,
or equivalent

Thermometer, digital, Omega Engineering, Inc., Digicator Model 402B, or equivalent
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Thermocouples, iron constantan, with 304 SS sheath, ungrounded Omega Engmeermg, lnc s
D1g1cator Modcl TJ 36-ICSS- 184-12 or equxvalent B

REAGENTS AND MATERIALS | ey G

All reagents shall conform to the specifications estabhshed by the Comrmttee on Analytical
Reagents of the American Chemical Socicty, when such specifications are available, unless othervuse
specified. References to water mean deionized or distilled water.

Acetic acid, glacial, '99.7% minimum punty, Sargent—Welch Scxentxflc, Cat. No SC10256
or equivalent :

Acetic acid, 6-M. Prepare by diluting 35 mL of glac1al acetic acid to 100 mL ina polypropylene :
volumetric flask. .

Acetone, 99.7% minimum purity, Sargent-Welch Scientific, Cat. No. SC1028O or equivalent

Alizarin complexone, 1,2-dihydroxy-3- -anthraquinonyl-methylamine-N,N- diacetic acid, Sar-
gent-Welch Scientific, Cat. No. EK8426, or equivalent

Ammonium acetate, 99.9% minimum purity, crystal, Sargent-Welch Scientific, Cat. No.
SC-10570, or equivalent. Prepare a 20 mass-% solution by weighing 20 + 0.01 g of
ammonium acetate into a 100-mL volumetric flask. Dilute to voiume with water,

Ammonium hydroxide, concentrated Sargerit- Wclch Scientific, Cat. No. SC-10592, or
equivalent
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* Filter paper, 12. S-c.m, Whatman No. 41 bargent—Welch Scxentlﬁc,

'Hydroch[onc acid 2-M, Sargent Welch Sc1cnt1f1c Cat No SCl270l '

- Lanthanum oxzde, 99 99% mlmmum purlty, Sargent-Welch Sc1ent1f1c, C:

4_.’6 -

Buffer solution, pH 7, Sargent-Welch SClCntlflC, Cat No 530141 15B or equ1valent

‘Capsule, gelatm, Parke Davxs and Co., Slze O, or eq\nvalent

-equivalent

equlvalent

monium acetate, together w;th 10to: 15 ml, of water :
Whatman No. 41 paper into a 200-mL volumetnc ﬂask contaumrx,g~
sodium acetate, 6.0 ml of glacial acetic acid and: sufficient water to. dlssolve the sohds.‘
Wash the paper W1th a small amount of water. Slowly add 100 mL of acetone whxle,'
swirling. : :

In a 50-mL beaker dxssolve 0. 0410 + 0.001 g of lanthanum oxide in 2 5 mL of 2 M

hydrochloric acid, warming gently to aid dissolution. Transfer this quantitatively to the -
200-mL flask containing the aqueous acetone solution. Dilute to almost 200 mL with.

water. Mix, cool to ambient temperature and adjust the volume to the mark’ thh,
water. Store in a refrlgerator Prcpare fresh reagent every two weeks

Lens paper, optical, Sargent~Welch SCIEﬂtlflC, Cat. No. S 44313, or equxvalcnt

Sitver sulfate, powder, 99, 9“’0 minimum purity, Sargent-Welch %cxentxflc, Cat. No. SC14678
or equlvalent e :

Sodium acetate, anhydrous, powder, 99. 9% minimum pumy, Sar gent-Welch Suentlﬁc, Cat
‘No. SC14711, or equwalent :

Sodmm fluoride, powder; 99.9% minimum punty, Sargent-Welch Smcnuﬁc Cat No
SC14815, or equivalent :

Sodium fluoride. Standard stock solution containing 1 mg F/mL. Dissolve 1.015 & 0.001 g of
oven-dried (175 C for 16 hours) sodium fluoride in 100 mL of water. contammg 2mlL of
0.05-M sodium hydroxide, and dilute to 500 mL ina polypropylene volumetric flask ’
and store in this comdmer

Sodium ﬂuorzde Workmg standard containing 10 ug F/mL W1th a pxpet transfer 5. O mL of
the standard stock solution into a 500-mL polypropylene volumetric flask. Add 2 mL
of 0.05-M sodium hydroxide and dilute to the mark with water and store in the flask.

Sodium hydruxide, 0.05-M, Sargent-Welch Scientific, Cat. No. SC14867, or equivalent

Sodium peroxide, 93% minimum purity, Sargent-Welch Scientific, Cat. No. SC14915 or
equivalent

Sucrose, crystal, 99.9% minimum purity, Sargent-Welch Scxentmc Cat. No, SC15095, or
equivalent

Sulfunc acid, 95 to 98%, in safety bottle, Sargent Welch Scientific, Cat. No. SC15130, or
equivalent

Sulfuric acid-silver sulfute solution. Add 600 mL of concentrated sulfuric acid to 400 mL of

water and add 5.0 + 0.01 g of silver sulfate; mix until dissolved. Store in a one-hter
volumetric flask.



| Orgamc Samples

Orgamc sampios must be :fused before dlstluatlon Thoroughly clean the peroxlde bomb by,]

boﬂmg it in water for 1:1/2 hours and then air: dry ‘When the organic materxal is a solid, grmd the - - =
‘sample i m a mortar and Welgh a ground portion not greater than 0.7 g to the nearest 0.I'mgintothe " " °

- fusion cup. Altematwely, when thie sample is a liquid, weigh' not more than 0.7 g into a ;,elatm cap-

sule and mtroduce the capsule and conternts into the fusion cup. Inboth cases add « one $COOP, approx--: 5
imately 15 g, ‘of sochum peroxide and 0.510°0.6 g of - sucrose.“ Mix the cup contents with a spatula REREIES

- Wipe the spatula : ,pxeceof fxlter paper _and add{ the f}lter aper to the contents of the cup,. takmg :

s :Igléc':ei.tli ; 1e_bomb assembly, mstall the ‘bomb closure and fxre electncally,‘i :

“followi ing all the precaunons specxfled by the manufacturer. Disasserble the bomb when cool.’Add -+ :
the fusion cup and bomb head to a 400-mL beaker and add sufficient water to just cover both the cup”
‘and the bomb head. Dissolve the melt in water, warming slightly to hasten solution. Transfer the = -

solutlon toa ZOQ-mL.polypropylene vol_umetrlc flask. Do not filter even though it may be turbid.

Catalyst Samples

The sample size to be taken is governed by several factors but should never be g,reator than 1.5
¢ ince aluminum ions, if present, have a retarding effect on the volatlh:ratlon of fluoride in the
Willard-Winter steam distillation. Under Color Development it is stated that the maximum ahquot of
distillate that can be uscd for color development is 15 mL. The optimum amount of fluoride in the
aliquot for the color development is 5 to 20 pg. Therefore, the sample weight, total volume of
distillate, ‘and the distillate aliquote volume all must be ad]usted to secure the optimum amount of -
fluoride de51red for color development .

Weigh thc appropriate amount of the ground sample to the nearest 0.1'mg into a gelatin cap-
sule. If the analytical result is to be calculated on a volatile free basis, determine the volatile matter on
a separate ground sample m accordance with the UOP method prescnbed for the type of catalyst in-.
volved,

Distillation of Orgamc and Catalyst Samples

Assemble the distillation apparatus as shown in Fig. 4. Place 100 mL of sulfuric ac1d s:lver
sulfate solution into the distillation flask. Then add either the capsule containing the catalyst sample -
or an aliquot, not to exceed 50 mL, from the fusion volumetric flask, with the special pipet. Place a
500-mL polypropylene volumetric flask contanung 5 -mL of 0 OSmM sodium_hydroxide under the
delivery tube of the condenser as a receiver.

Start the distillation without heating the distillation flask using only a slow flow of steam at
the beginning. Apply heat only after the initial temperature rise has halted. Then increase the heat
and the steam rate to maintain a temperature of 140 to 145 C, and a distillation rate of 4 to 5 mL per
minute throughout the distillation. Keep the distillation rate below 5 mI. per minute to avoid possible

“carry-over of interfering ions.

Discontinue the distillation after about 475 ml. of distillate has been collected. Dilute the
distillate in the 500-mL volumetric flask to the mark with water and mix well.

667-86
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“Color. Development

Plpet a 15 mL or’ less ahquot contammg from 5 to 20 e of ﬂuonde from the ’500 mL of;v
distillate: Place this in a 25-mL volumetric flask. Add 0.40 mL of 6 M acetic acid and 8.00.mL of the
‘lanthanum-alizarin complexone reagent. Dilute to the mark with water, mix well and allow the color
to-develop for 10 minutes. Fill the cells with the sample and blank solutions. Read the: absorbance'f
within 6 hours, using a reagent blank as a reference, with covers on the cells to avoid evaporauon of ;

. the acetone, at a wavelcngth of 625 nm. Convert the absorbance to mxcrograms of fluo' id from th :
. 'cahbranon curve.. v i : . :

Preparatlon of the Ca!ibrahon Curve &

Plpet exactly 0.25-, 0. 50-;0.75-, 1 OO- I 50-, 2. 00--and 2 50-ml portxons, respectwe y, of th
; workmg standard sodium ﬂuonde solution into each of seven 25-mL volumetric flasks.” Addo. 40 mL
of 6 M acetic acid to each flask and also to an eighth 25-mL ‘volumetric: flask for a reagent. blank.
Then, using a 10-mL. Mohr.pipet, add 8.00 mL of lanthanum-alizarin complexone reagent to all 8
flasks. Dilute each to the mark with water, mix well and allow the color to develop for 10 minutes.
The color is stable for up to 6 hours. Fill the cells and cover. Read the absorbance of the samples, * -
using the reagent blank as the reference, with covers on the cells, at a wavelength of 625 nm. Con- -
struct a calibration curve to show micrograms of fluoride in the 25-mL volumetric flasks versus the..
respecuve absorbances. The curve will be a qtralght line, ideally passmg through the origin.

CALCULATIONS o , o

Calculate the mass- % fluonde in the as received sample using the followmg cquatlon
'Fluonde as received, mass-% AB
, Ay e opr
: : ! 10* WG
where:
A = mass of fluoride from calibration curve, ug
B = volume of the distillate, mL
.G .= aliquot taken for color development, mL
W == mass-of sample, g
10* = converts ug to percent

Calculate the mass-% fluoride in the catalyst sample on a volatile free (VF) basis as follows:
T AB
(100~ D)
100

Fluoride, VF, mass-% =
10 WC
where:

D = volatile matter in sample, mass-%o
A, B, C, W and 10* are as previously defined
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PRECISION : : : . :
Based on 6 rephcatc dc“ rmxnanons, the estimated standard derwatxon (esd) was calenlated
for flucride in tweo samples 2 shown i the following table. Dupli.ate results by th: sam: * oprator
should not dxffer by = 1ore than the a. Aowable d1fference show.: (95% probabllxty B
' T el ~ Allowable
A - Level, esd, D:ffe,rence,
_ Sample © mass-% mass-% mass-%
'c:'atar;}st ©L 0013 0002 0008

i Vacuum gas oil _f S0t 0 012 0044
TIME FOR ANALYSIS i

The elapsed time for one analyms of an organic sample requzrmg fusion i is 4 hours. The labor -
requirement is.0. 4 hour.

‘The elapsed time fo: one analysis of a catalyst £ ample is 2 hours. The labc - requirement is 0.3
'hour D

SUPPLIERS

‘Beckman Instrumems Inc 2500 Harbor Blvd., Fullerton, CA 92634-3100
Glas-Col Apparatus Co., 711 Hulman St., Terre Haute, IN 47802

Omega Engineering Inc., P,O. Box 4047, Stamford, CT 06907-0047

Parr Instrument Co., 211 Fifty-third St., Moline, IL 61265

Sargent-Welch Sc1ent1f1c 7300 N. Lmder Ave., P.O. Box 1026, Skokie, IL 60077
Parke Davis and ‘Co., 1350 Estes, Elk Grove, IL 60007

UOP In¢.; Box 5017, Des Plaines, 1L 60017

667-86



