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A computer program has been set up in Fortran language to calculate 
pore size distrabution using the Cranston-Inkley method of 
calculation, Nitrogen adsorption isotherms were determined on amosite 

i 43« 

4' 

5¢ 

and chrysotile asbestos at = 195°C. Size reduction had a 
major clfect on increasing pore volumes of both asbestos material:. 
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Introduction 

Ina recent study,! two of the authors made a 
series of 56 adsorption-desorption isotherms of 
argon and nittogen on amosite and chrysotile 
asbestos in three states of subdivision, This 
work showed the chrysotile to have a larger 
surface area and greater porosity than the 
amosite, and more hysteresis on desorption. A 
limited number of Cranston-Inkley? caleula- 
tions and Sing* plots confirmed this. In the 
present work, Cranston-Inkley calculations 
were made from nittogen isotherms obtained at 
=195°C 1o determine the effects of precon- 
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ditioning temperature and size reduction on 
pore size distribution and total porosity. 

Asbestos is a generic term applicd 1o cer- 
tain fibrous, inorganic minerals. Chrysotile is 
a serpentine mineral with an idealized empiri- 
cal formuia of 3 Mg0.2Si0,+2H.0. Chrysotile 
fibers are currently considered to be tubular 
with material of lower electron density than the 
fiber walls filling the tubes.t Anmiosite is a mem- 
ber of the amphibole group of minerals and is 
monoclinic in shape. Chemically, it is a mag- 
nesium iron silicate (Fe* + 5 :Mg, :81.0.:(OH).. 
Amosite fibers are made of laths which appear 
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Figure 1 Electron micrograph of amosite. 

to be made of layer upon layer of thin, sheet- 
like material.? 

Electron micrographs were mace of the 
individual fibers of both materials at total mag- 
nifications of approximately 65,000X. These 
are shown in Figures | and 2. “They confirm 
the tubular structure of chrysotile and show 
the amaosite fibers to be solid and consider- 
ably greater in diameter than the chrysotile. 

Materials and methods 

The amosite used was from the H. K. Porter 
CompanyTM operation in South Africa and was 
designated 202-901. The chrysotile consisted 
of loose fibers obtained from the Bell mines in 
Canada and was marked Grade 37T, 

Adsorption-desorption isotherms were 
made using the surface properties equipment 
described by Scheel. eral.” This system con- 
sists of a Cahin RH electrobalance for measur- 
ing weieht change of the sample during adsorp- 
tion, a Wallace and Ticrnan Maodel FA 145 
Bourdon gauge for measuning pressures from 
1o SO0 tore, and o Bendin G310 thermistor 

ganpee for measunmg pressuies from O to | 
torr, 
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Figure 2 Electron micrograph of chrysotile. 

Experiments were made with both asbas- 
tos sumples in three states of subdivision, 
namely, as reccived. mechanically dispersed, 
and impact milled at liquid nitrogen tempera- 
tare. The mechanically dispersed asbestos was 
prepared by mixing 5 grams of sample and 
1000 grams of distilled water in a Ver-Tis 
mixer for 20 minutes at 20,000 RPM, using 
atantalum impeller. This method has been 
used in the National Institute for Occupational 
Safety and Health laboratory for preparing 
asbestos samples for animal exposure tests. 
The impact milled material was prepared by 
grinding in a Spex mill cooled with a liquid 
nitrogen bath. “This effectively broke up the 
fibers so that their geometric mean sizes were 
O.8 g in length and 0.31 g in diametcy for 
amosite, and 0.61 g in length and 0.15 g in 
diameter for chrysotile. 

Nitrogen was obtained from the Air Re- 
duction Company. It contained 5.3 ppm argon, 
0.5 ppm hydrocarbons, and it had a dewpoint of 
- 18°C. 

A series of preconditioning experiments 
was e at 25, 150, 250, and 400°C 1o deter- 
mine the effect of temperature on surface area, 
Since there was no diflerence in surface area | 
at 25 and 150°C, no further tests were nmade 
at 1507C, Preconditioning was thus done at 
25, 250, and 400" C for a minimum time of 16 
hours while pumping toa final pressure of 
0.4-1.5 x 107 1011, 
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TADLE | 
Program for Determming Porosaty at Vanous Pore Sizes 

OIMERS 0% LA T i ) G100 o F CAS 35 oD 0450 oV E3n) oS ah0 sl 10 
IRFSCL2) aviating ) psny 20 

DATA L/ 0002 aenia 2T 2h0 250424002 104722047210470041%041M04) 1041600501 30 
1elbS001a0u) 40017001100 1004904/0 7000045005800 0425 /0slAlnal4PSD] 40 
24124107 PSDL 50 

OATA 171 0201 1,820 1 1,e Wl V020 10, 1701 0,081 2,10, 12, T6412,5%9012,45PS01 00 
Dol ul el 2a 120l la e 0e 1ol ol 1aS0al 1alhal 1oV l0 010,50 410,2049,800050) 10 
2 e TN TN R 1S T AN T 26 §ah ROMeH 42T 05,9029, 06006, M1OPSD] 4O 
LT § L PPTTTPI BT B B RS 7 PSDL &N 
DATA C/70000%0a52005% 00500, 5% 00 h00 6200850 0h0e s TlaaThe T, B60,A9, PSDL 100 
1ol a0 0l ubolaldolatolovnslabiol aRe?,0us2,000le00leS00loalhoeleelsdePSDL 110 
FET LU PRUTE PT R PLUEE P R P T2V kS01 M20 

00 30 1=)edn PSDL 130 
J= Jed PSD1 140 
IF (1.fus 6o 10 20 PSD1 150 
Tl Tehhettn LEUI I L1 
K=z |- PS01 170 
00 10 H=].x PsSnl 180 

10 FUxan) = (O =TT N/ () e PSN1 190 
20 Oz (Lthret () /2, PSD1 200 
30 HEl)s (DU ZEDIT)I=2,9T(J)))ee? PSp1 210 

C ®oe WEAD tvsE D OF ANDSORPTION 1S)THENM DATA SETS eveceeevcsovveesessveops)) 220 

READ Leteanin PSNI 230 
DO 90 156 T=1NvUN PSD1 2.0 

C ®®e WEAD SAMPLE ® IDESCHAIPTION, STEP VOLUMES A R.E.T, SPFCIFIC SURFACEPSDI 250 
HEAD 1omsEToaDbSCotWNTE T al=ledT)asAET PSDL 260 

) FORMAT(2€el Vel Xe12AG710FH.3/Z10FB.3/10FB.3/77F1,3/FALD) PSDI 270 
CuMys= 0. PSD1 2K0 
CuMS= 0. PSD1 290 
DO 60 1=1436 PsSN1 309 
Stm= 0, PSPl 310 
IF (1.F0,11G0 TO 50 PSD1 320 
K= =1 PSD1 330 
NO 40 N=l.K P301 30 

40 SUME SUMeF (K N)OVIN) PSD1 350 
S0 VII)= RO oVHIRIT)I =VNTR(Te]l)=CT)oSUM) PSDI 360 

1F (VUL .LTan, 60 TO 70 PSD1 370 
CuMys CuMvevil) PSDL Js0 
StIr= 61.360viN /0L PSD1 390 

60 CUMS= CUMS+SI(T) . PSD1 400 
K= | PSD1 10 

70 PRINT 2+NSETWDFSC PSDL 420 
2 FORMAT LIML/Z25% PORE SIZ2F NISTAIAUTION==/94 SAMPLE #413+2H :e1244//PSD1 630 

15X594 LAYER EST. PORE AF AN SURFACE PENCENT CUMULATIVE/PSU]l «é0 
2S5XSTHDIANE TFR VOLUME DIAMETER AREA OF TOTAL WPERCENT/H2PSD] 450 
M N Ay (ML=NTP/G) (A) (MOM/G) ARFALR) AREA (%) 762PSD] 460 
4N == ecccces P— ————— cmmane ccmcen mmeme=) P50] 470 

CPCT= 0, PSD) 480 
DO AN Hzlem PSD1 4v0 
PCT= 100,°25(N)/CUMS PSD1 Svo 
CPCT= CPCTePCT PSDY 510 

89 PRINT Ve'lal (4) L (Ne 1) o VINI DN oS IN) JPTTHCRCT PSD1 520 
3 FOUMAT (T a2 ol delm=o 1 3eF10,34F10.14F10,342F10.2) PSO1 %30 

PRINT “alat tl)altlel)avi) PSD1 540 
& FORMAT (224 LAST VALFE seecccceeen/]3420e13elt=0el34F10.,371Xe5111In=)IPSD] 550 

PCTVE 100, @ (CIMV=YNTIP (L)) ZUNTR (D) PSOL Sh0 
PCTS= 100, (0 IMG=SHE T) /548 T PSDL S70 
AVGDE AV WSy 750 T PSOL Sur 

GO PHINT SaCtmay o CUM W T L) oS4 TPLTVPCISeAVGD PSDL Sv0 
& FORMAT () TOTALS UAETTE P P R L Se=eFT7.377 PSDL 600 

1 150 PORESCI00AT VEaFTate 13 BoFaT,t S240FT7.3// PSDL 610 
2 164 10O IV =VIZVERF S, 1o lBME 10015 =51 752 4FS, ) elMb// PSD) 620 
3 Gert AVERAGE PORE O1AMETERE 41,001544V/5)1%1000024F0.243% ALIPSD]L 630 
N0 PSSO 640 
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TARLE W 
Summary of Reaults from Cranston Inkley Calentations 

TOTAL POk, 
PriCOmmMcnteG 01 St act AVG PORE 1AM, voLume 

SAMPLE " “".' navoN, o, ARLA S G } A ML Iq. 
Amoite, 2 13 SR Y 00019 Ay Necowed ?2%0 22 Gre Q ooy 400 28 051 0,0019 
Amaosits, 2% 59 6h O 00100 Mech 240 6 61.0 00109 Disprersed 400 10 MR} 0009% 
Amaoaite, 

tpact 2% 1ne 857 00255 Milled 

Cheysotile, 2 153 564 0216 As Hocowed 2% 172 6«9 079 100 221 619 03142 
Cheyratie, 24 06 "l 04598 Mech 240 a5 4.1 0574 isporsed 400 363 [1X) 0602 
Chrysotile, 

Impact 2% LLE) 806 0975 Milled 

Pore size distribution was caleulated using 
~ . , L L the method of Cranston and Inkley.® This 

) - 1 method makes three principal assumptions: * 
— Lo “The pressure at which a pore of a given 

g T radius empties follows the Kelvin equation 
21 1 v gt s In(P/Po) = 2yV/RTr where P = pres- 5., : l # sure above an interface with radius of 
: curvature, r, Po = vapor pressure for 
2 temperature, Ty = surface tension, V = 
3 { molar volume, R = gas constant, 3 | 

s b Uk 2. Asa pore emptics, the wall of the pore i f IU l -1 retains an adsorbed layer whose thickness 
. ll_ varics fike that of a flat surface. 

o “LFt 3. Pores larger than 300A in diameter con- 
. : : ‘."5..“"‘"'. oS tribute linle 1o the total surface arca of 

BT T T T T T e the specimen. 
PORL NIL, anGYIRONY 

Figure 3 Effect of grinding on amosite pore size, 
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Figure 4 Fftect of grinding on chiysotile pore size, 
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The method of calenlation is given in 
considerable detail by Cranston and Inkley.? 
Essentially, the volume of nitrogen in cach pore 
size increment is caleulated. This type of cal- 
culation is readily performed sith o computer. 
A program has been developed using an 1BM 
370 computer with Fortran language. The pro- 
gram in a form suitable for keypunching is 
shown in Table 1. 

Results 

The dataare tabulated in Table 1. Figures 3-6 
are bar praphs showing the effect of grinding 
on the pore size distribution of amosite ind 
chrysotife, and the etect of preconditioning 
tempecatare on the pore size distribution of 
mechimically dispersed amosite and ehrysotile, 
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As s e seen ohiy otle v much e | ACALERTTEN thoong RLITENT T ”l'\\\ MOEo D Most Cases sty processad - ples ol amosite andd chiysonle have simifor i Craze pore diamerers 

Asexpected, v reduction has o major CHecton the pore voliumes of bath asboston materials Nechange gl dispersion increases the 1ol pore valume of untreated amosite hy alacton of thige and mpact mlline increases his Salue approvim..e, iy seven times. Wil chivsotile, which i csiderably more porous, the increason in ot Pere volumes, are ap- POty iwo times and 31, Hnes, respee- el Fres 3 amd 4 dhow thist mechamical dispersion has veny hinle offect on the pore size distibutions of both ashestos samples, Bmpact mithine, i which the samples are sub- Jected to collision s 140¢° stainless steel tods, gives pore size distiibutions that contain Liecr amounts of Pores sreater than 100A in diameter for amonite and ISOA for envstotile than the unground and mechanically dispersed sumples, 

For years, investivators it NIOSIH and other Lihoratories have noted that finely 
eround asbestos fibers lost much of their fibro- Eenicity.” This has been attributed 10 shorter fiber length and loss of crystallinity on gring- gTM Lhere is a considerable ditference of 
opinion as to the effective median fiber length with values of 2 1o 20 g being reported. s 

It would appear that the change in pore size distribution cans 2 by impact milling may have some effect on the Lack of toxicity of these fibers. Any material adsorbed in larger 
pores (5 100A) wourld be more readily de- sorbed while the smaller pores would tend 1o retain adsorhiate, We doubt thig the enystallin- ity of the impact milled material has been 
affected since grindine oceurred ap - 195°C; thus preventing local overhieating of the fibers, 

Incrcasimg the preconditioning temperi- 
e from 28 10 400 €', has little effect on the 
total pore volume of mechanically dispersed 
amos e and chinveonti'c However, the simples 
Precondimwmcd at 250 and 1007 C had smaller 
averape pore diamercrs than the sample pre- 
conditioned wt 287C The dat e plotted in Fignes S and 6 show ing the Pereent arca dis- 
tibunion weihe v PO size factions, 
Exvidently, mechanical dispersion hroke up 
ey of the iber buesd! s, the Creating more 
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Fipure 5 Cttect of preconditioning temperature of mechanically dispersed amosite, 
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Figure 6 Fitect of preconditioning temperature on mechanically dispersed chrysotile. 

suface area. Although more water was vola- tlized at higher preconditioning temperatures s determined by weight loss, there wis little 
effect on the total pore volume, thus indicating that the water was held on the sutface orin 
pores smaller than T0A in diameter which were 
i ailable 1o nitrogen, 

I the case of unground smosite and 
chiysotile, increasing the preconditioning tem- 
Perature increases the total pore volume, thus 
mdicating that rolatihizing water must ereate 
more pores The ellect on aserage pore diam- 
Crerwas minor Fxamination of the material heated 10 4007 C, showed no physical ifterence 
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