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ABSTRACT

The adsorptive properties of perlite, an expanded volecanic glass,
have besn studied, Several activating treatments were investigated, air
pxidation at ADD degrees Usnbtigrads appsars to be the best, The adgorp-
tion of the bagle dys mebhylens blue yields a meturetion value of 50
milligrams per gram of perlite, The poid dye cobtbon blue showed no
mengurable adsorpbion, A maximum adeorption of 15 millimoles of acetie
neid snd one milligram of dndine were found in mgueous solution, A high

velue of 1,33 milligrams of iodine per grem of perlite wers found in

methyl eleohol solutiesns, The surfece ares of perlite appsare to be rather

low, The materisl doss nol ssem suitable for use as sveommersial adsors

bant,
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INTRODUCTION

This thesis is concerned with the problem of evaluating the material

perlite ag an adgorl

Lem of evalustion presented an inberesting

sdsorbant,

shallenge, The problam wag divided inbo seversl phases for invssti-

The initial phage of tha 4

@3

westigabion was to conduet a thorough
litersbure search in order to gein some knowledge as te the hisbory,
propertlag, processing, and uses of the mabterial., It was €slt that an
insight in this ares would give some clue as to the ultimate use of

perlite as an adsorbonk,

The sscond phage of the investigetbion was to investipgate warious
acbivabing treatmenta whisch gsemed to promise o measure of suscess,
The choice of these btreabmente was in part bassd on the work of other
invsstigators on other adscorhsubts, and in part on the subhors previous
experience in developing slsaning tschniques for mebtal, ceramic and

glese componspts for wvacuum bube use,

The third phase of the investigation wes concerned with eveluating
the activated perlites as adsorbents for spscific materials, It was
decided that the scope of this investigation would be limited to

adseorption from solution,

The materials chossa for this evaluation were methylene blue, a

basgic dye; cobtton blue, an acid dye; acetic acid; and lodine, Todine

was adsorbed from egueous and methyl aleohel solutions,



A fourth phase of the investigation was an effort to estimate
the surface area of the adsorbent from The data taken in the third
phaza, It waz Cfeld that surface ares ls one ol the conbrolling

Fashors in the evalusbion of & maberial as an adsorbend,



PERLITE

Perlite lm a mineral belonging to the granite-rhyolite fanily.

Thig family may be subdivided iobo Pour groups: granitoid, felsiteid,

o
¥

tuffs, and glassy roslks. Perlite g s member of the latter sub-group,
other members of thig group sre obdidian, piteh stone, and punics., In

genaral all members of the granite-rhyeclibe family have the sams chem-

on of perlite (See Table I) is typical.

y. .

jeal sompogition, the sompogilb

-~ Perlite iz a glasay vook more or less completely broken inbe
globules somewhat resembling pearls, and made up of concenbrisc shells,

The strugbture of perlite 1z probably due bto combrastion at the time of

sooling, The rosk is commonly grey in color and has a pearly or waxy

Perlite conbaing from bwo $o five persent of dissolved or chem-
ically combined water, King, Tedd, and Kelley (1) report that water
above 1.2 percent is very logsely held, M, T, Hunting (2) reported

that only that water below 0,75 percenbt was firmly held,

Processing perlite {3, 4, 5) is a fairly simple operation, Hining
i3 usually an open pit operation. On leaving the mine the ore is
ecrushed, screensd, and sbtored according to size. The ore is then
passed into a preheating furnsce at 800 to 1000 degrees Fahrenheit,
then into a "popping" furnace at temperatures as high as 1800 degrees
Fahrenheit. The product from the furnace is then separated and sized

in a oyclone separator.

i

The operation of the "popping" furnace 1s interesting. As stated

above the perlite has a certain amount of loosely bound water. On



heating the water vaporizes and causes the ors to burst, ylelding a
product of very low demnsiby. It is common for an ore with a density
of from 68 to 74 pounds per cubic foot to yield a product with a

dengity af from 8§ to ¥ pounds per euble foob,

The produsht resembles amell drregular bubbles of glass which are

vory fragile,

The processed perlite iz uged chiefly sz an additive to cement or
plasgtby, vielding o sabrong, low density mizture with grod insulating

properbies (8), T4 has alsc been used as s goil conditioner with

snoouraging resulbte (7).



TABLE I

PERLITE - COMPOSITION %

A B ¢ . ..b o ¥ a
5103 Th.41 70,65 TH,7B T4,82 78,20 89,79 73,61
Alo0y 12,34 18,36 12,40 13,81 12,88 14,72 12,17
Fop0y 1,58 2,88 0,82 0,28 0,88 2,07 1.5
a0 - = 0,88 0.88 0,63 - -
MgO - - 0,11 0,04 0,08 1.08 -
0a0 0,756 1,80 0.B0 0,688 0,80 1,49 0.84
Nag0 2,08 2,93 5,18 1.98 2,97 2,79 2,97
K20 5,35 6,16 4,84 2.99 3.0 3,88 5,08
150 z.70 2,84 3,24 B.88 3,60 4,00 5,34
H,0 - - 0,25 0,22  0.19
Ti0g - = 0,09 0.28 0,09 - -
Palg - - 0.0L = 0,01 - -
Mn0 - - 0,02 0,04 0,02 . -
Fggs - - - - - - -

Total 99.97 100,38 99,86 99,66 99.80 29,88

Expansion

T,7F 1751 1949 1700 2200

Reference (8)  (8) (8) (8 (8) (8) (1)

A. Snowhits Mine, Superior, Arizons.

B. WNeer Good Springs, Nevads.

C. Lady Francis Mine, Orvegom.

B, Mubtbon Mountaing, Oregom.

¥, John Clark Mine, Ceolorsde.

G. King, Todd, XKelley, U,S, Bur. Mines, RPTS, Invest, 4304,1948,



TABLE 2

PHYSICAL PROPERTIES QF PERLITE

REFORE MK

PANSTON (8)
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Oalap
Shreaks
Lugher

Trensparency

Peaobure

2,85 - 2,40

1400 ~ 24009

1,483 - 1,608

Gray bto Grey blask
White

Pearly to Dull Glassy
Translucent to opaque
Brittle

8helly, connentrie, or
columér, or splintery



ACTIVATION AND PRETREATMENT

There seem to be no hard and fast rules governing the activetion
of an adsorbent., In fact, a survey of the literature lesds one to
believe thab most asobiveabing bresbuents were developed by experiencs

o trinl and srror,

A few principles may b lollowed, howsver., An adsorbent should
he olean, that ig, it should be fres of contamination such as oils or
greases or other debris which would tend to mask the surfsce from the
adsorbate, Secsondly, an acbivating treatment should, if possible,
increase the surfase by forming or exposing fine internsl fissurss or
capallaries, This ig probably the moat imporbtant function of activation,
Although there are inherenmb differences in the adsorption properties of
many materials, they are bo a large sxbent negligible in comparison with
the effect of the spesifis ares. A bthird function of sctivation may be

the incresse of surfacde forges due to changes in struesture. In many

enses, lattice digloeations ars achieved by heating and rapid cooling,

According te Huttig (10) an sctive solid when heabed tends to
ginter with a reduction of itg surface area, Thils, however, is not a
continuous process, but shows increases in activity at 0.37X, 0,30X and
0,80X where z is the melting point of the solid in degrees Kelvin,

This rule was used as a guide in picking the temperature ranges used in
these experiments, but since perlite has no definite melting point the

figures could not be werified,

The work of several investigators shows the effect of activation
of charcoal on its adsorptive properties (See Table IIT). This table

illustrates the effeect activation has on ths performance of an adscrbent,



TABLE III

Effect of Actiwetion on Sorption

Activation at O¢ Daes it Borb Reference

Aadds 593%3

air ab 100°¢ yes no 11
air at 8009 ne Va8 12
air at Bop°¢ y88  ne 12
0z at 100°%C yas ne 13
g2 at 400% yay  yes 14
gz at 1000°C thru 400°%C ne yes 15
0z at 1000% Ao ne 13
Hp at 1000°C no yes 13

3

Ag has been pointed oubt setivation may be the erucial phase in
developing an adzorvbent, The work dome on the ectivabtion of perlite
may be divided into several phases: pretreabment, activation, and
evaluation, The sotiwbtion breabments employed were, air actiwation,
dry hydrogen activetion, web hydrogen astivation, nibrogen activation,
vaouum activebion, hydrogsn peroxide activation, sulfuric asid agtiva-
tion, angd sodium hydroxide astivation, The balance of this sestion
¥will deal with the techniques and equipment used in carrying out these

treatments, and a preliminary attempt to evaluste the effect of bthese

PRETREATMENT

In 211 cases the perlite as recelved from the manufacturer was
placed in a four liter beaker equipped with a close fitting screen at
the top. Wabtsr was introduced into the beaker with a glass tube whish
extended to the bobtom of the beaker, The system was allowed to owverflow
for at least thirbty minutes. This treatment was designed to remove any

readily soluble matter; also, dust and other debris, The bateh was then



allowed to settle by halting bthe water flow, A good deal of seand was
found at the bottom of the bseker in most of the samples. This sand
was removed by scooping out the top seventy-five persent of the perlitis

and fAigoarding the balangs which copbalined the sand,

The material wae then opushed and screensd, That portion bebwasen
297 and 149 microng wae rebained for activation, Ths sample was crushed
to meke 4t sasier to handle in labter operstions sand to give o more con-

sisbent sample, The washsd and crushed materinl was considered to be in

the aa reoosived vondibion,.

ACTIVATION

Alr Aotivation, BSamples ol perlite were activated by baking in air

at 350, 400 and 500 degress Centigrade, Thig treatment was carried

Wi

9:1’?:

w

out in a heavily ingulated, nichroms wouwnd, muffls furnace, A

Wheelao copbroller was used to regulabe temperaturs,

The furnacs was heated to the desired temperabure and the per-
lite introduced in a ceremic boat, The ceramic boat conbaining the
perlite was withdrawn from the furnace after the stated tims and
allowed to ceol, Cooling was carried oubt in either a dessicator or

in & roum at 50 persent relative humidity,.

Hydrogen Activation, Perlite samples were activeted in wet hydrogen

at 500 degrees Centigrade, Wet hydrogen describes e gas which was
bubbled through water et 20 degress Centigrade, - it is assumed to
be saturated, Perlite samples were also activated in dry hydrogen

with a dew point of minus B0 degrees Cenmtigrade,
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The equipment used for hest treating the perlite may be
divided into several sbtages - a) furmace, b) dryer, ¢) saturstor,
d) controls, and e) gas supply (Figurel),

The Purnage ugsed wag a 3000 wabtt Burrell tbtube furnsce, a

36 ineh quarbs tubs was used with a waber cooled Jacket at one end,

-

The purpess of bthe goolse lg to allow a sample to be cooled in a
gelecbed atmoaphers afbey heet bresbing witheut removing from the

furnace {ses Pigure 11).

All pas pagsing lnbo ths system wase passed thru s silica gel
dryer to remove molgbure, Afber leaving the dryer the gas could
be run dirsctly inko the furnace or, via 2 bypass, into a bubbler
for saburation with weber wvapor. The dryer (Figure I1I) consisted
of a 4 inch diameber tube, btwenby-nine inshes high packed with
siliea gel, TFine nichrome screening was placed before the inlet
and oublet ends Lo prevent the drying agent from escaping. The
bubbler column (FPigure IV) was glass, 2 inshes in diameter, and
14 inches high., The gssg passed down a cenber tube and through a
fritted glass filter for bstler dispersion. On smerging from the
wabter the gas was passed inte a large chamber to eliminate any fine

droplets of water which were carried from the sefturator,

Temperature conbrol was achieved using a Wheelco controller,
The controller was seb up in sush a fashion as %o bypass the furnace
sontrols except those which provided a selection of the current fliow,
An iron~iron constantan thermocouple was placed on the outside of the
gquartz tube about 1/18%h of an ineh from the tube, This acted mg the

sensing element for the conbroller (Figure V),
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The procedure for activating a sample in hydrogen is as
follows: The perlite in a ceramic boat is placed in the quartz
tube spproximetely four inches from the mouth, The system isg
then flushed with nitropgen for fiftesn minubes to remove traces
ef alr, The sygbam i bhen switehed from nitrogen bo hydrogen,
The hydrogen iz dlpgnibed ss it pasges from the mouth of the tube
thus eliminpting the pessibiliby of an explosion due to accumulations
of gng, The boab sonbeining the perlite is then pushed into the hot
sone of the tube, Ab the end of the treatment the boat is pulled
bask into the cooel sone and allowed to stand for fiftsen minutes,
the sysbem is then switched bto nitrogen and the semple removed,

Vaouum Activabion, Thisg tresatment was sarried out in & vacuum

system smploying a mechanical pump and an oil diffusion pump.
(Figure ¥I), The perlite was suspended in a nickel boat in a glass
lung, Heabing wasg done by radio frequeney coupling. It was impossi-
ble to measure Lemperature asg the excellent insulating properties of
the perlite caused the oubside of the boat to become very hot whils
the ingide was cool, Afber several tries this difficulty was over-
some hto some exbent by plaeing short nickel rods in the boat with
the perlite to conduct the heat, The system was pumped slowly dowvn
to 0,06 microns pressure and then heated gently. At first large
volumes of gag wers released and The pressure increased rapidly,
heating was then discontinued until the pressure had again fallen,
Thig procedure was respeatsd until the pressure did not inerease on
heating indicating the absence of gas. The sample was then main-

ained at a temperaturs below a red heat for several minutes and

b

then cooled im vacuum, The presesure of the system was measuresd

with a Pirani gauge (Figure VII).
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Hydrogen Peroxide Activation. Samples of washed perlite were

beiled for thirty minutes in s 10 percent solution of hydrogen
peroxide. Thils btreatment has been found to have a certain clean-
ing effect on glass and dn cerbedin cases to ebeh the surfuce (16),

Afber bolling the mamples wers washed with low conductivity

dedonized water and oven dried ab 108 degrees CUentigrade,

Sulfuris Aeld Asbivabion, Samples of washed perlite were boiled

for 10 minubes in den psreent sulfurie scid, The samples were them

waghed with low condusbiviby deioniged water and oven dried at 108

degraes Centigrade.

Sodium Hydrozide Acbivation, A methed described by Rayouk and
Salem (17) wae alase tried, A freshly oxidized semple of perlits
weg treated with a dilube cuusbtic solution for twenby minutes,
The resulbs did nob sesm partieularly sncouraging and hense the
experiment was disconbtlmued, This method is based on the fect
that glass is sbohed by dilute esustlic sclutions,
EVALUATION
A preliminary evaluation of the sstivetion treatments wes mads
using a column packed with perlite. The column was 13 centimeters high
and 0.90 cenbimebers in dismster, A 0.01 gram per liter solution of
methylene blue was applied drop by drop at the top of the colum from
a burette, The fluid lseving the bottom of the coluwm was checked
visually against distilled water on a white background, the Tirst drop

of blue being noted, The results of these tests may be seen in Table 1V,



ACTIVATTION TREATMENTS USED

IABLE IV

! TREATMENTS

T,

¢o To FIRgy

TEMPERATURE ¢ TIME MINUTHE  ATMOSPHERE  COOLING DROP OF BLUE *
2HQY 185 air slow 1761
600° B0 aip slow in B50% Relative Humidiby 18,5
800° B0 air  slow in Of Relative Humidity 12,5
300° 1y Ng slow in 0% Relative Humidiby 9
3009 30 Np faght in 0% HRelative Humidity 9.5
Boo® 30 dry Hg glow in 0% Relative Humidity 10
800° 30 dry Hp slow in 0% Relative Humidity 12
500° 45 web Hz  slow in 0% Reletive Humidity 1%
400% 30 air slow in 50% Relative Humidity 18
400° - VECUUR o -

CHEMICAL TREATMENTS
30 min, beil in 10% HolOs water wasgh 10
10 min. boil in 30% HpS04 water wash low
20 min. boil in 10% N O0H water wash low

* averags of five readings.
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An exemimation of Table IV leads one to conclude that the air
baked samples show the greatest adsorption of methylene blue.

Treatments

at comparable temperatures in nitrogen and hydrogen were not as effective

izing sonditions are neceasary for thig

that oxidising conditlionsg at low bamper-

aturss, ag is tha suss in boiling hydrogen peroxide, ars also nob
sfiective, Henoe, it may bs sonsluded that both high temperatures and

efTestlive activation of perlite,
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METHYLENE BLUE ADSORPTION

The adsorption of methylene blue from aqueous solutions is one of

the ghbandard bepbeg visd bo debermine the adsorpbion power of various

materials, The tesby empls

vad here ars s variation on the mebhods

used by many investipgatorg,

A DBeckman model B fpsobrophetomeisr was used bo measure the

soncentration of bhe methylene blue solublons before and afber adsorp-

tion, All solubions

=

arg measured in sbardard one centimebsr cells
with deivnized wntsr ag bthe standard, ALl measursments wers made at

af d

s}

sgrees Centlgrade,

In calibrating the spestro photometer transmitisnce messurements

were taken at inbtervals bebween 3,500 and 10,000 Augstroms for a 1x1075

<o)

grams per liter solubien of msthylene blue. A plet of wavelength versus
trangmittancs showed a minimuwi in the region between 5500 and 7000
Angstrome (See Figur@'?ll)@ Fach of the stapndard solutions te be uzed

in the adsorption studiss were then calibrated in this region. (See

Figure VIII1)

This plot confirmed the fact that a trus minimum occurred at
850-660 millimicrons and that this minimum held over the conecentration
rangs of intesrest, A plot was then made of absorbence versus concentra-
tion ag in figure IX, Percent absorbence is the log to the base ten of
the reciprocal of the pereemt <Transmitbance, This plet, being a
straight line, served as a sallbration for all later work on methylens

blue,
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In the study of the adsorption of mebhylene blue by perlite six
methylene blue solutions were used, 1x10”2, 6x10”33 lxlO'g, leO"é,
1%107%, and 8z107 8 aramg por liber, A SQ@%* 3 milligram sample of the
perlibe to be sbudied was planed in PLfby milliliters of solubion, Tha
solutlon was gently aglbated svery thres minutes for one hour, Tempers-
ture wag mainbnined ab 28 degrees Cenbigrade, pH wmried from 6,8 to 7,0,
The perlite was then [ilbtered out using e small funnel with a small wad

.

of glass wool in the sbem, Class wool was used as in blank runs it

[

showed negligible plekup of bhe dye while filter paper showed a large
pickup. The coneenbration of the filtrate was then measured using a

Beckman Model B spsctrophotometer and one centimebsr cells,

A study was made of the adsorpbion properties of sixz perlites,
Avtivation treatments for these samples are described in the ssction
on eetivation, All adsorpbions were carried out as outlined in the

preceding paragraph,

The date has been corrslated using the Freundlich equation

1/
£ o= 9
of log m§12 log k& % ;/ﬂ log Cf

Where % is the grams methylene blue adsorbed
m is the grams of perlite

Cr is the equilibrium concentration
in gramg per 100 milliliters

1

kX and N are constants

i is the initial eoncentration of ths solubtion in grams
per 100 milliliters



24
As cen be seen by examining the isotherms (Figures X thru XV)
no startling chenges in the adsorptive properties were brought aboutb,
bub some differsnoee were nobsd, 1P ons exemines the slope of the
lgotherm and adsorpbive sapabity of the sample, these chenges are mosk
appa ranb,

TABLE ¥

TYPE OF ACTIVATION 8lops ”‘"‘;" st Cf @ 1ox10”*
As ravelved 2,08 0,78
12 hr, 400%C oxidation 1.68 90
24 hr, 400°C oxidabion 1,37 80
Heatbad 0,080 microns 1,680 14
Hg@o bolled 0.982 35
HgQp treatment + 12 hr,
400°C oxidation 1,008 20

From the figures for ﬁfﬁ st a specified squilibrium consentration
it seems apparsnt that the use of oxidation at 400°C as an activating
treatment ig the most effective, whils other treatments are not so
effective,. In all ceses, the velues of ﬁ/h at the apparent saturation
are betwesn 400 and 500 x 107% grams per gram, but the valuss of C at
which this saturation is reached vary widely from 35 x 107% grams/100 oo
for 12 hour oxidized semples to 210 x 107% grams/100 cc for perlite in
thé as received conditien, It seems logical that since the saturation
values of z/ﬁ are almost the same in all cases, that the surface aresa
of the perlite hes not been changed to any degree. A possible explana-

tion of the differences in the equilibrium concentrations at which

equilibrium is reached may be that scme of these surfaces were cleaner



than others. In the as received condition we have a large number of
foreign molecules sorbed on the surface. It seems possible that the
aebivabing procedures uged hare were acbually methods of desorbing or
more likely deshroping by ozidetion thege materials, Then for ench
bype of acbivatlon the dye had to compebe with these conbaminabing
subgbansas, OF oourgs, several conditions are necessary for thig bo

be true. The fereipgn subsbtances must be lightly held, and the affinity

of the surfuce for ths dys must be stronger than that for the contami-

e
led

this phenomenon may be represented by an

nantg, It is possible tha

- )

equation pregented by Ovkrent, (18)

This equation spparently holds to some extent in seversl cases.
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TABLE VI
AS RECEIVED PERLITE - METHYLENE BLUE
x

oL or i f
gm (107%) 2 (1079 Milidliters Gramg £m (1()5’5
100 oo 100 ee Mebhylene blue  Perlite Enm Periite

1000 8000 50 0,5 400

600 180,0 420

100 770 23

60 78
10 18
8 8,7

1000 700 300
80 42 18
10 § 5

1000 800 400
600 212 388
100 . 64 36

80 47 13
1o 5 G
6

Bor o wk Rk A R cRE Rk R ORE 0RO R R

Aser-
age 2 nrp
1000 633 367
600 204 396
100 67 33
80 44,5 15,5
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TABLE VII

400°C OXIDIZED PERLITE - METHYLENE BLUR

=
{4 p Gf 4 Milliliters m 4
gn (3077)  gm (107°) Mathylens _ Grans gn (10 )
100 oo 100 e Blue Perslite © gm

sy
e

1000
500
100

60
10

v}

1000
800
100

80
10

1000
800
100

80
10

Aver-
L0
1000
800
1o0
&0
10

500
84
2.6
8,87
2,28

50 0,5 500
518
20

500

530
80,5
54

oo ok R ok RE ok ok Rk ok ok ROR AR R

500
516
20,5
51,43
7.78



i)

I
i
1
i

ERB

TLIT

4

L

100 MI

i

iyl
H
Ail

A
/

“THYLENE BLUE BY

£l

ION OF "7

ADEORPTI



TABLE VIII
24 HOUR 400°C OXIDIZED PERLITE-METHYLENE BLUE
E
0 o, Millilibers %’i‘ :
g@‘(lgmg) g (1077) Mebhylens Grams gm (1078)
100 es 100 ne Bluse Perlite gm Perlite
1000 8O0 80 0.5 400
600 145 455
100 80 80
80 16 44
1G 8,8 1,5
& 8,2 0
1000 800 400
800 100 500
100 18 82
80 7.8 52,8
10 0 -
g
1000 600 400
800 110 490
100 14,8 85,5
80 12,8 47,5
10 2.0 7.0
I EFEFEETIEEESEELEEESE I SIS
Aver-
age 1000 600 400
600 118,35 48‘3: i
100 17,5 82,8
80 12 48
10 2.5 6,8
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TABLE XX

VACUUM HEATED PERLITE - METHYLENE BLUE

%
6L or Millilibere m .
gn (1077 gn (107") Methylens Grams gm (1077)
100 ee 100 ea Blue Perlite pm Perlite

1000 BOO B0 0,5 500
0D 87 B13
100 28 72

60 28 38
10 18
8 P

1000 580 450
600 82 508
Loo 25 75

60 18 43
10 5 5
8 2 4

1000 500 500
600 100 500

100 34 84
60 26 3%

ook b AR R RR R Rk ROk b4 R R RE

Aver-
age 1000 816,3 %8;;&7
800 93 50
100 29 ?1
80 22 28
10 5
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TABLE X

HgOp BOIL PERLITE =~ METHYLENE BLUE

Milliliters
Methnylone Grems
Blus Parlite

o
P!
B

i}

gn Periibe

1000
800
100

60
10

1000
800
100

G0
i0
8

1000
600
100

80
1o
6

Aver-
age 1000
600
100
80
10
g

800
100
40,5
18

560

126,68
88,3
21,2

3,27

g0 0,5

deokeok ook Rk ek ok Kok R Rk Ak R Aok

8,3

400
500
60
a4
4,5

440

473 .4
61,7
38,7
6,73
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TABLE X1

36

Ho@p ~- 400°C OXIDATION PERLITE - METHYLENE BLUE

X
Ci cf Milliliters m
gguglO“sz 10 Methylens Grams gm (10“6)
100 oe¢ 100 ce Blue Perlite gm Perlite
1000 800 5O 0.5 400
800 180 440
100 24 76
80 1l 49
10 16 -
8 - D
1000 600 400
500 130 470
100 20 80
60 16 44
10 &
8 -
1000 500. 50O
600 150 450
100 18 82
60 10,5 49,8
10 3 7
8
& oamkck ok kRpk ok kst k¥ pp ahk
Avay-
age 1000 566 434
800 147 453
100 20,6 TGo%
80 12,6 47 .58
10 3 7

6
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EFFECT OF pH ON METHYLENE BLUE ADSORPTION

It was decided that the offect of pH in the adsorption of
methylene blue by perlite would be of interest,
The perlite ssmple used for this experiment was one which previ-

ously had been trestbed with hydrogen peroxide ag oublined in & previous

Jubs
fudor
C.J-—

seotion, the sampls was then astivated

n alr at 400 degrees Cenbiprade

for Ltwo and ons-half hours as in the sesction sn aobivwbion,

Fifty milliliter samples of msthylene blue (0,01 grams per liber)
were uged, The pH was adjusted with smell portions of hydrochlorie acid
or godium hydroxide, The smounts of acid or base added were small enough
that no significant change in conceptration was noted, The £ifby milli-
liter samples werse btreatsd with one gram of perlite and agitatsd for
thirty minubsg at 25 degress Centipgrade. The final pH was then msasured
using a Beckmen pH meter; all readings were taken at 25 degrees Centi-
grade, The final conssntration of the solution was measured on the
apectrophotometer,

TABLE XIT
Methylene Bluse

Final Concentrati Adsorbed
Initial pH Final pH grams per liter ___gramg per liter
5.2 3.6 4,8 x 107° 5,2 x 107°
4,62 6,8 3,2 % 1077 6.8 x 1075
6.9 7.5 2.6 x 107° 7.4 % 1073
8.9 8.0 2.4 % 107° 7,6 x 1070
-3

11.05 10.72 2.1 x 107 7,9 x 107°



As was expected the methylene blue was adsorbed to a greater
extent in the more basic solutions., It should be noted that while
the maximum adsorption occurs at the higher pH wvelues the final
concentration at pH 11 was 2,1 x 107° grams /1 representing the

gorption of 79% of the original color. The walue of pH 7 wam only

oo

congenbration while that at pH 3 was 52% of bLhe

Jole

74’“@ of the

<

r

gluoa

2

wag bebwsen pH 7 and pH 3 which

o
o
£nd.
3
g
@
e
23
;
e
[543
]
¢
i

original, hence the
was 27% asg sgainst a change of 65 bebween pH 7 and pH 11, This seems

to Justify thes use of a pH of 7 for the work im methylene blus,
J P ¥






COTTON BLUE ADSORPTION

Adsorption measurements were made for the acid dye cotton blue
on perlite. The concentrations of the solutions were measured using
a Beckman Model B, Spsctrophomstsr, In calibrabing this insbrument
three dye solubions were used, 0,01, 0,002, 0.0004 grams per liter,
Absorbancs messurements wers made at 50 millimicron increments bebween
350 and 600 millimiorons. A meximum was found abt B30 millimicrons
(Pigure XVIII), A calibration curve of absorbanes versus concentration
was then made at this wavelength for five dye concentrations (Figure XIXK).

lowss to BO

ot

The procedurs for the adsorption studies wasg as fo
milliliters portions of dye solution (Congcentrations 0.01, 0,002,

0.0001 and 0.0004 grams per liter) 800 £ 1 milligram portions of

wn

activated perlite were added, The solutions were agitated at 3

minute intervals for one hour at 25 degress Cenbigrade, The perlite

was then filtered from the dye sclublon and the concentration measured
using the spectrophotometer, The dye solutions wers maintained at pH 7,
Pour perlites were studied, as received, 400 degree Centigradse air bsked,
hydrogen peroxide boiled, and perlite heated at low pressures., The
activation treatmenta given these samples i1s discussed in ths asction

on activation, For sach perlite studied three samples were tested at
each of the concentrations shown above,

None of the samples studied showed a measurable adscrption. There
seems to be some similarity here with certein charcoasls which will
adsorb dye but not acid dyes. (Sse gection on activation and pretreat-
ment,) However, in this case, an activation treatment was not found

which would produce a perlits which would adsorb an acid dye,



Aba

-FIGURE  XVITI

Absorbence ve, wamiﬂﬂﬁ%ﬁ‘ Lor eo@%&é blue solubtions in water
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IODINE IN METHYL ALCOHOL

In the case of adsorption of icdine from methyl aleohel solutions
a spectrophotometric method of analysis was used employing a Beckman B,
Spectrophotometer, Three solutions were used to calibrats the appara-

tug, 00,3875, 0.0734, 0,00734 grams per libsr of Iz, Absorbante msasure-

mentg were taken for these samples bebwesn BB00 and 7HQOU Angabroms,
The resulting plot (Figure XX) shows a meximum of 4850 millimicrons,

A plot of absorbance versus concsnbration was then mads (Figure XXT)

Prom this dats,

0.5 gram samples of perlite in
20 ce samples of the iodine solution. The solution was agltated every
three minutes during the test., The temperature of the solubion wasg

25 degrees Centigrade, After one hour the samples were filbtersd using
2 amsll funnal with a small wad of glasa wool in the stem, Ths concen~-

tration of the filtered solubtion wag then measgured on the spectropho-

tometer and discarded. No attempt was made to conbrol pH,

A crude rate determination was made using three 0,385 grems per
liter samples and measuring the concentration at 0.5, 1,0 and 2,0 hours,
There was a slight change in concenbtration betwesn 0.5 and 1.0 hours

but none bebween 1,0 and 2,0 hours so ths adsorption mey be considered

tc be essentially complete after one hour,

In the study of adsorption from methyl alechol solubions two types
of perlite were used, the first was oxidized in air at 400 degrees
Centigrade and the second was used in the as received condition. As

can be seen from the date and the adsorption isotherms the amount



FIGUR® XX
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Absorbence vs, wavelength for three solutions of iodine im methyl slcohul
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adsorbed was rather small,

A surprising development was that the

perlite in the as received condition seemed to adsorb slightly more

iodine than the oxidized samples,

LARLE X111

ADSORPTION OF 1ODINE

FROM METHYL ALCOHOL SOLUTTONS

PERLITE IN AS RECEIVED 0OMDITION

ai o x/m 5
drams Gramg Millilibers Grams Gramg (1077)
Liter Liter Solubion Parlite Gram Perlits
- 58 5 0%k 20 0.5 186
L0734 ,070 20 0.8 1,86
.07 ,0088 20 0.8 4,8
.08 .08 20 0.5 12
L0754 .07 20 0.5 TL28
2017 2013 20 0.b 1.8
.28 i3S 20 0.5 12
L0734 .072 20 0.5 g
an?‘ haid ZO Ogﬁ =
Bk gk REE A% B R bk R R
aversge
.38 1 13,3
0T34 4 .84
L017 2.9
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TABLE XIV

ADSORPTION OF IODINE FROM METHYL ALCOHOL SOLUTIONS

o

400° ¢ OX

TDIZED PERLIIE

x/m

Gramsg Grama Milliliters Gramg Gramg (107 S)
Titer Titer Solution Perlite  GOram Perlibe
.38 .54 20 0.5 18
L0754 LQ70 30 0.5 1.28
L0L7 L0068 20 0.5 4,2
» 08 238 20 0.8 12
L0734 LO7 20 0,8 7 .28
017 L0135 20 0,5 1.8
.58 .35 20 0.5 12
L0754 .072 20 0,5 g
aglyf - g() Qgg =
Sk ok ok ok Aok R Rk ok wk ok Rk R AR kR
average
, 58 1 13,5
L0754 4,84
2017 2.9

BT A, 1
Newark Cellege of Enginee

234327

Library

L

erin
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IODINE FROM AQUEOUS IODINE PLUS POTASSIUM IODIDE SOLUTION

Adsorption measurements were also carried out on aqueous solu~
tions of iodine plus potassium lodide. The concentrations of

solutiong were obtained by standard analytical techniques, Tha

ol
N

perlite used wasg activated in air at 400 degrses Centipgrade fop

&

hours,

In this case, as in that of adsorpbion from methyl aloohol
golutiong, the amount adsorbed was go small in relastion to the ini-
tial cencentration of the solution that the sxperimsntal srror in
the analysia 1s of the same order of magnituds as the values for
x/m. (8ee Table XIII) But, it seems safe to assume that same
adsorption did cecur and from the shaps of the isothermz this sdsorp-

tion was physical rather than chemical,

The effect of pH on the adsorption of iodine from agusous solu-
tion of pobassium iodide pluz lodine was alao studied, Two BO
milliliter portions of the solution were preparsed, each contained
127 milligrams of icdine per 100 milliliters of solution. To the
first was added 10 milliliters of 10 percent hydrochloric aclid, while
the second was not 8¢ treated, 1In sach case the amount of iodins
sdsorbed per gram of oxidized perlite was 1,2 milligrems, This test

was run at 25 éegrees Centigrade, for ome heour with sufficient agita-

tiom,



TABLE XV

ADSORPTION CF Ip FROM Iy - KI SOLUTIONS (CXIDIZED)

PERLITE HFATED IN VACUUM

0i of x/m
Milligrams 12 Millipgramg Ip Milligrams Tp  Millilllters  CGrame
100 miTTiT%ers T00 MTTITINSYe  Gram Perlite Solution  Perlite
144 144 D lco 1.0
98,7 91,5 1.2 100 1.0
14,55 14.01 9,54 100 1,0
9,18 2,00 0,18 100 1.0
8,18 7,90 0.25 100 1,0
127 - 1,295 50 1,0 (no acid
addad)
127 - 1,300 50 1.0 (10 cc of L0%

HCOL added)
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ADSORPTION OF ACETIC ACID

The adsorption of acetic acid by perlite was studied, Imn this
study 100 milliliter portions of the acid were treated with 500 milli-
gram lobe of perlite oxidized at 400 degrees Uenbiprade in alr for
24 hours, The hbempsrature of the solution was 28 degrees Jentiprads,
Each sample was agltated every three minubes for one hour, Ths
perlite was then filtered oub and the acid titrabted. The concenbration
of acetie acid in the various solubions was found by titration with =
standard sodium hydroxide golubien, The adsorption sesms rather low,
es may be ssen by the btable below, Each reading is the average of
three samples at a partiocular concenbration,

TARLE XVI

Solutien Initiel concsptration x/m grams acelic aeld removed
No, grams acetic aeid for 100 cc per gram perlite

A, 2,76 »0082

B 1.38 ,0104

c 0.69 G

D 0,345 0064

E 0.173 0014

pid
Coind
]
o
o
&3
e

Thers seemz to ba a scattering of the dsta here and actuslly o
analytical method should have been used, But since the valuves of x/m
were s¢ small it was decided that the determination of the exsct anmount
of acetic acid adsorbsed would not add greetly to our knowledgs., However,
one receives the impressicm on examining the data that 2 meximm is
reached at an equilibrium concentration of about 1.4 grams acetic acid
per 100 cubic centimeters of solutioms, the value of z/ﬁ at this point

is approximately 0.0l grams acetic acid per gram perlits, Values of



x/m of 0,24 grams/gram have been reported for animal charcoal (19)

ard 0.9 grams/gram on sugar charcoal (20).

A rate determination was made Lo
from & 00,0862 grams per liter solubion by perlite in the as reselved

s

sondition, and perlite trested in alyr st 400 degrees Centigrade for

.

one hour,

A conductivity cell was introdused into a beaker conteining

100 milliliters of the acid, and a conductivity measursment wag made,

o]

One gram of perlite wasg added and the solublon stirred vigorouszly.
Conductivity measurements were made at frsquent intervals until
equilibrium had been reached, The runs were made at 25 degress

Centigrade,

E

Fxamineticon of Figure XAV suggests that equilibrium is reached

in approximately two minutes.
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SURFACE AREA

Several conclusions may be drawn as to the surface area of
perlite, Information from the Perlite Institute hag bsen resgeived
to the effsst that 1,28 euble cenbtimeters of nitropgen are adgorbsd
per gram of perlits, A fairly simple caloulstion leads one to
believe that the spesific surfacs of perlibte ig 5,47 x 10% centimeters

gquared per gram,

This ealeulation based on information raeeived from the Perlite
Institute shows that perlite has a surface ares far below that of
other more common adsorbentz listed below:

TABLE XVII

Pt STt S S

Surface How
Adsorbent arga per grem-cm? ___Measured Refeorsnce
zine coxids 3,8 x 19% Boadsorption 23
zine oxlids 7.3 = 29% gas permeability 21
Titemiwm dioxide 1.4 x 10% hest of webting 22
Acetylens black 8,4 x 105 Npadsorpbion 21
Activated charcoasl 7,7 x 10° Woadsorpticn 23
Sugar Charcoal 6.6 x 10° heat of webtting 24
Silica gel. 4,1 = 10° heat conductivity 28
Cotton 2,2 % 108 zas adsorpbtion 28

An approximetion of the surfece area may be made using the method
of Pansth and Radu (27), They computed the effective arsa of a

methvlene blue molecule assuming it to be & cube, This arss was 545°
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per molecule, By assuming a saturation value of 5 x }.O"é grams of
methylene blue per gram of perlite in ths preceding section, we may

caleculete a specific surface area of 4,78 x 103 en?

per gram of
periite, Thig figures is approzimately one order of mapgnituds lowsy
than thet obbtained by nitrogen adsorption. Ons ibem iz of inberssh,
however, Paneth and Redu messured the surface area of suger charcoal

by this methed and found that thelr valuss were in error by 97 psroent,

while on perlite the error was about 91%,

Using the method reported by 8Smith and Hurley (28) where the
area ogcupied by an acetic acld molecule ia assumed to be 20,5 aquars
Angstroms, a specific area of 20,5 x 104 may be caleulated using the
data reported in a previous section. This figure is approximetely

four timss that reported by the Perlite Institubs,



CONCLUSIOXS
An eveluation of perlite as an adsorbent has been made, Several

conclusions may be drawn from the data.

Oridation at 400 degress Centiprade appears to be the epbimum
acbivation treatment of those trestments which were svalusted, Heat

treatment in dinerb or reduscing abmospherss or in vacuum wers nob

inersass thes surfan

Lo
el

romiging, Attempts to eolean the surface or &

*w

area by chsmical treatments were slso not effectusl,

The adsorption of methylens blus Ifrom aqusous solubions was

sbudied, It was found thet perlite oxidized et 400 degress Centigrade

'

was the most effective activation for adsorpbion of this meterisl, Tt

gardleass of the method of activabion the

o

o]
D

wag algo disclosed that

ms to be zatursted on adsorption of 40 to 5O

]

surfase of the perlite sse

milligrams of the dye per gram of adsorbent,

The adsorption of acsetic acid from aqueous solutions showsd that
a maximum adsorption of 15 millimoles of acid per grasm of adsorbent was

the beat that could be schieved,

The study of the adsorption of the acid dye cotiton blue from
agueous solutions showed that adsorption if any was exbremely low for

periite activated in several ways,

Todine was adsorbed from boeth squeous and methyl aleohol sclutions.
A maximum value of 1.33 milligrams of iodine per gram of perlite was

achieved in alcohel. With aqueous solutions adsorption was spproxi-

mately one milligram of iodine per gram of perlite,
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; - +3
The surface area of perlite was calculated an area of 4.78 x 10°

CMZ per gram is reported for methylene blue adsorption, This is about

one order of magnitude below the area reported by the Perlite Institute.

Tt is the considsred opinion of the author that the mateprial
perlite will be of 1little use as an adsorbent unless some method can be

found %0 inocresse 1tz surfane area,

GOMPARISON OF ADSURPTIVE PUNER QF

PERLITE AND ACTIVATED CARBON

Eguilibrium

Maberial Adsorbsd  Concentration Uarbon z/m Porlite x/m

4
Methylene Blue 032 gm/1 0,268 gn/gm 0.6 x 10" %gn/gn
T, (Aqueous Soln,) 127 /i 0,65 gn/em 0.4 % 10" gn/gn
Acetic Acid 30 gm/1 1,8 gn/gn 0.82 % l@“ggm/g@

The above table gives a briefl comparison of the adsorptive powers
of perlite and sctivated charscoal, It should be obvious from this data
that the adsorpbive capacity of perlite is several orders of magniitude

helow that of carbon,
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