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A computer program has been set up in Fortran language to calculate
pore size distethution using the Cranston-Inkley method of
calculation, Nitropen adsorption isotherms vere determined on amosile
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and chrysotile asbestos al = 195°C. Size reduction had a
major elfect on increasing pore volumes of both asbestos material:.

The poresity of amosite znd chrysotile
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Introduction

In i recent study,! two of the authors made a
series of 56 adsorption-desorption isotherms of
argon and nitrogen 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 caleulations
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 applied 1o cer-
tain fibrous, inorganic minerals. Chrysotile is
a serpentine mineral with an idealized empiri-
cal formuia of 3 Mg0.25i0,°2H.0. Chrysotile
fibers are currently considered to be tubular
with material of lower electron density than the
fiber walls filling the tubes.? Amosite 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, 18i.0.:(OH)..
Amusite fibers are made of laths which appear
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Figure 1 Election micrograph of amosite.

to be made of laver 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 1 and 2. ‘They confirm
the tubular structure of chrysotile and show
the amosite fibers to be solid and consider-
ably greater an diameter than the chrysotile.

Materials and methods

The amosite used was from the H. K. Porter
Company™ 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
deseribed by Scheel er al” This system con-
sists of a Cahin RH electrobalance for measur-
ing wereht chiamge of the sample during adsorp-
tion, a Wallace and Tiernan Model FA 148
Bourdon gavgee for measuning pressures from
1o SO0 tore, and o Bendis GE-3 10 thenmistor
ganpe for measuring pressuies from O to |
lorr,

ENTCmTon of comme e momes o witi e s doos el st
1l enabersgme it By the D paermiont ol Bicatih, | dueanon, amd
Wallare,

118

i

“ . . e
e -

LR

Figure 2 Electron micrograph of chrysotile,

Experiments were made with both asbes-
tos samples in three states of subdivision,
namely, as received. mechunically dispersed,
and impact milled at liquid nitrogen tempera-
tare. The mechanically dispersed asbestos was
prepared by mixing 5 grams of sample and
1,000 grams of distilled water in a Ver-Tis
mixer for 20 minutes at 20,000 RPM, using
a tantalum 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
0.8 g in length and 031 g in diametey for
amaosite, 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
= 105°C.

A series of preconditioning experiments
wirs made at 25, 150, 250, and 400°C 1o deter-
mine the effect of temperature on surface area,
Since there was no difference in surface area |
at 25 and 1507°C, no further tests were made
at 1S07C, Precondinoning was thus done
25, 250, and 400 C for a minimum time of 16
hours while pumping toa final pressure of
0.4-1.5 x 107 torr,

Febroary, 1976
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TADLE |
| Program tor Detevmmmng Porosaty at Vanous Pore Sizes
L I N I A A A I A LI R I Usnl 10
INFSC O e Vi T ) psny 20

| DATA L/ 400 a %Dl i 20028024002 00722047210, 7006100¢ M0 T01A0PSD] 30

Lo db0 a0l 4001700110 10040 n0370400490 0% 000s )0 10y2% 0 0 lAclnelaPsD] &0
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OATA T/ 05201 10820l 1, W 0200 0, 110 V08 12,10, 12, Tay 12,5901 2,45PSD] b0
Vo b2 e e 12a 120 Lt hal ba P Lol 1aS0e ) 1abal1aN 0010, 110,50 410,2049,400050) 70
R L L T L T IR I P B L P L P P P LN R Lk L I L]
Je4 13 %ab Gmedeh el l Iel 012/ PSD] &N
DATA C/N40eaaP00 04900500 ohleoh2e b8 shitasTloaThe T 860.R%9: PSD]L 100
a9 la07 el abalalPolatalobnal ilio]l sfe?,0de?,0aclinsleShelelhelesleIeP50] 110
e Rha) s Vsl J4Ta oMl s93e2.207 PS01 120
00 30 1210 PSDL 130
J= el PSD] 140
IF t1.fu. 160 10 20 PSD1 150
TiJs Tyt PSR 1en
K=z |=1 PSDL 170
00 10 H=)ex PsShL 180
10 Fimardrs (0t =T1 N/hiy) e PSDL 190
20 OO0z (LtLliel L)/, PSD1 200
30 Kel)z (DET1 2011 =2,9T(J)))ee? PSD1 210
C ®o0 QEAD HUvaE R OF ANDSORPTION 1S0THERM DATA SETS sueueoevosowseeedevesS)] 220
HEAD Jaheti PSNL 230
DO 90 15 T=1 NN PSD1 2.0
C ®®s READ SAMULE ® IDESCAIRTION, STEP VALUMES & ALE.T. SPFCIFIC SURFACEPSDI 250
| WEAD LanETalb SCotvNTRET al=ledl) oSAET PSDL 260
| ) FORMAT(2€e 1 Vel X s 2A6/10FH.3/10FB.3/710F8.3/TFH,1/FALD) PSD) 270
| CuMy= 0. P5D1 2ho
CuMs= 0, PSD1 290
DO 60 121436 PSNL 309
SiiM= 0, PSN] 310
IF (1.FO.116G0 TO S50 PSD1 320
K= |=1 PSD1 330
| NO 40 N=lex PS01 340
40 SUM= SUMeF (K N) OV IN) PSN1 350
SO0 VIlr= R eaviIR T =VNTR([+])=CLT)o5UM) PSD1 3460
IF IVEE)LLTLN, 0G0 TO 70 PSD1 370
CuMy= CuMvevil) PSDL Js0
Stlr= 61380V 2001 PSDL 390
60 CUuMS= CuMS+SI(T) . PSD1 400
K= | PSD1 «10
T0 PRINT 2+NSETWDFSC PSOL 420
2 FORMAT LIMLZ254 PORE SIZ2F NISTRIAUTION==/94 SAMPLE We]3+2H :e1246//PS01 430
15X.5%94 LAYER EST. PORE AF AN SURFACE PENCENT CUMULATIVE/PSOl «40
29X «STHDTAME TFR VOL UME DIAMETFR ARFA OF TOTAL PERCENT/ZH2PSD]L 450
M N (A) (ML=NTP/G) a) (M®M/G)  ARFALR) AREA(5) /62PSD] 460
Y == - - - - - - - 950| ‘10
CPCT= 0, PSD) «B0
k DO AN 1=l PSD1 &v0
PCT= 100,05 (N)Z/CUMS PSD1 S0
CPCT=z CPCTeP(CT esnl si0
B89 PRINT Velial (M) oL (Ne L) g VINI oDIND oSN oPCTWCPCT PSO1 520
] 3 FOUMAT (] 3el8 el dalrt=y 1 3oF 10,34F10.0sF10,3:2F10,2) PSO1 530
PRINT @elat t1haltledravi]) PSD1 5S40
& & FORMAT (224 LAST VAL IF semmomeeman/]3320e )3 lM=s134F10.371Xs5111n=))1P50]1 550
PCIVE 100, #(COMy=VNTRL))ZVNTR () PS0L 560
J PTG 1009 (0 IMG=SHF T) /654F T PSDL 570
AVGD S BV W eyt (25 T PSO1 Sur
QO PHIHT Sa (v o CU TR L) oG4 TPCTVPCISeAVGRD PSDL Svo
G FORMAT ()0 TGIALY VLTS S P B L SezeF 7,377 PSDI 600
1 1hst PONE S IN0AL VeEoFT, 4 1 0H HoF oot S2oF7,377 PSDL 610
2 164 JONIVe=VIZVERF Sl o 1OME  J00(SY=S1/7524Fh ) e lMb// PSDY 620
3 Gt AVEMAGE BORE OJaMETER: 41,0015%44v/519]100002F0s243M ALIPSDL 030
END PSNL 640
d
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TARLE 1

Summany of Besults from Cranston Inkley Calenlations

TOTAL ok,

PRECOMNIMTICNING M St Adct AV PORE (WA, VOLUME
SANMPLE TEMPLIATUIE, € ARLA B 1 /G A ML /G
Amasate, % 13 SA Y 00019
A Meceved %0 22 616 G ooy
100 28 uh 0.0019
Amasita, 24 69 [T 00100
Mech 20 69 610 00105
Disprersed 100 10 544 00024
%0 1no 857 0.0255
Cheysolile, % 153 564 0216
As Hocvived 2% 123 620 L0796
100 221 619 0342
Chrysotite, 2 06 m 0598
Moch 2% 5. 64.1 0578
(hsporsed 400 163 [1X} 0602
Chrysolle,
Impact 250 48.4 806 0975
Milled
Pore size distribution was caleulated using
N g e g g mpemimgaemeey Wi method of Cranston and Inkley.? This
" 1 method makes thiee principal assumptions: *
— L. “The pressure at which a pore of a given
R P radius empties follows the Kelvin equation
'e . L M e In(P/Po) = 2yV/RTr where P = pres-
1ol l ! sure above an interface with radius of
: curvature, r, Po = vapor pressure for
3 temperature, T,y = surface 1ension, V =
& [ molar volume, R = gas constant,
2. i U e 2. Asapore empties, the wall of the pore
: F TJJ l _1 retains an adsorbed layer whose thickness
4 IL varies like that of a fat surface.
R o . o e
'-1 :--.....I wrt” B 3. Pores farger than 300A in diameter con-
. 11 I 2 Lo tribute lintle to the total surface arca of
T T T e e e the specimen.

PORL WIL, MNEVIRCMY

Figure 3 Effect of grinding on amosite pore size,
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Figure 4 Fftect of grinding on chrysobile 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 ¢ach pore
size increment is caleulated. This type of cal-
culation is readily performed with 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 I,

Results

The data ane tabulated in Table 1. Vigures 3-6
are ban graphs showing the effect of grinding
on the pore size distribution of amaosite dind
chrysotfe, and the ettect of preconditioning
temperatare on the pore size distiibution of
mechimically dispersed amosite and chrysotile,

February, 19786
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As iy by seent oy wortile b mch oy
Pevoies thom qmoss However, Mo vases
sbaly poocessed « ples of Smosite o

iy sonle ove similag averaze pore diamerers

Asexpocted, viee redin non has o major
CHecton the pore yotumes of both asboston
Waterials. Mechanical dispersion NCIcases
the total po e voleine of untreaned Aimosile by
abacton of thiee i Pt nthing wereases
this value approniniroy seven times. Wil
chivsotile, which i ciniderably more porous,
the inercasos in o) Prore voliies, are ap-
PEONIMGECY 1w o times i 31 times, respee-
el Frzstres 3 amd 4 oo that mechanical
dispersion has very e effeet on the pore
size distibvitions of botly ashestos smples,
Ppact mithine, in which the samples are sub-
Jected 1o collision wirh 130¢* stuinless steel
tods, pives pore size distiibutions that contain
Lavecr i s of pores ereater than 100A in
dimetes for annite and ISOA for ervstonle
than the unground and mechianically dispersed
samples,

For years, investivators NIOSH and
other Laboritories have noted that finely
ground asbestos fibers lost much of their fibro-
Eenicity.” This has been attributed 1o shorter
fiber leneth and loss of enstallinity on gring-
me P Ehere is a consiserable ditference of
opinion as 1o the effective median fiber length
with values of 2 10 20 4 being reported o1

I would appear that the change in pore
size distribution caus 2 by impact milling may
have some effeet on the lack of toxicity of
these fibers, Any material adso bed in larger
pores (5 100A) would he more teadily de-
sorbod while the smaller pores would tend 1o
retain adsorhite, We doubt that (he crystallin.
ity of the impact mitled material has been
affected singe srdine occorred it = 195°C,
thus preventing local overheating of the fibers,

Increasmg the Precondiioning tempera-
e from 28 o 100 €, has little effect on the
ol pore volume of mechanically dispersed
amos e amd clinvsoti’e. Howeser, the simiples
Precondiioncd at 250 und 1007 C had smaller
averape pore diametens than the sample pre-
comditioned wt 287C The data e plotted in
Figures S and 6 shons ing the Pereent arca dis-
Babsion i e v e siee factions,
Evidently, mechanical dispersion broke up
many of the hiber baesd! s, thas Creating more
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Fipure 5 Ettect of preconditioning temperature of
mechanically dispersed amaosite,
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Figure 6 Fliect of preconditioning temperature on
mechanically dispersed chrysotile.

sutlace area. Although more water was vola-
tilized at higher preconditioning temperatures
s determined by weight loss, there was little
clleet on the 1otal pore volume, thus indicating
that the water was held on the sutface or n
pores saller than 10A in diameter which were
wnis ailable 1o nitrogen,

In the case of unground mosite and
chiysotile, mercasing the preconditioning tem-
Peratinee increases the total pore volume, thus
inddicating thit volatihzing water must ereate
More pores. The etfect on i erape e disim-
cler was minor Examination of the material
heated (0 400°C, showed po physical difterence
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