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FUEL RESEARCH INSTITUTE OF SOUTH'AFRICA.

REPORT NO, 12 OF 1944, =

A CONTRIBUTION TO THE STUDY OF THE PRODUCTION OF
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ZEOLITES FROM BITUMINOUS COAL.

(1) This report descrihes work done at the Institute to ascer-
tain whether South African coals eould be used in the prepvaration
of éarbonaceous zeolites,

(2) Tha products have heen prepared by suhjecting coal samples
to the action of gaseous sulvhur trioxlde in a rotary retort,

(3) It has been found that hiehly active products could be
obtalned from all the coals tested, and activitv alone could not
he used as a basis of discrimination, .

(4) Theoretically a zeolite could operate for an indefinite
number of cycles, and in practﬁce the chief factor preventing i4s
indefinite use is the unavoidable loss of zeollte, mainly throurh
attrition,

(5) The resistance of zeolites to attritlon is therefore very
Important, Tests seem to indicate that this can be increased by
actlvation to a practical deeree only and by choosineg hard coals
as raw materials,

(6) Since 1t is considered that sodium-zeolites possess advan=-
tages In small plant where laboratory control and skilled operatons
are not avallable, the conversion of hydrogen-zeolites to sodium-
zeolites has been studied in gfeater detail and o Satisfacfory'
conversion process has heen developed,

(7) It has not been found possihle to oonduct larger scale tésts

on zeolites prepared from South-Afriean coals,

INTRODUCTION/... ..




INTRODUCTION.

The application of bituminous coal as a raw material for
the production of zeolites is of comparatively recent date. N6
reference to such an application has been found in literature pre~
vious to 1935, The available information is largely confined to

patent literature and only a few, more or less detailed papers

have appeared, According to these papers and patents bituminous
coal can be treated with sulpburic acid, oleum, Fhlorsulphonic
acid, soé and other ovidising agents such as FeCl3‘and‘019 to
produce a material having hase-evchange properties, The available
papers, however, deal only with the treatment%of the coal with
sulphuric acid, S03 and similar sulphur cortaining agents. The
production and the application of carbonaceouvs zeolites is covered
by South African patents 412/35, 601/38, 96/42, 169/42 and 356/42,

~The zeolite as produced operates on the hvdrogen~cvcle, i.e.
evchange takes place between metal jons 1n solutien and active
hydrogen lons of the zeolite, In this cycle the zeollite is
generally reactivated by treating it with dilute mineral aéid,
It is stated that the zeolife can he converted th operate on the
sodlum cycle by regererating the spert zeolite with sedinm chloride
solution, |

The object of the present investigation was to determine
whether South African coal would provide a suitable raw meterial

for the production of zeolites,

ANVATYTTCAL METHODS,

In the absence of a standard specification fnr.testing
zeolites the available literature was consulted and methods

described by Beaton and Furnas 1), Broderick and Bogard 2),

Broderick and Hertzog 3) and the American Waterworks Ascociation 4),

were followed as closely as possihle, These tests comprise iInter
alla a determination of activity or capacity and a determination
of the abradability of the zeolite,

I

A procedure descrihed by Beaton and Furnas and based en

the removal of copper frem a coprer sulphate solution in- contact
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with a zeolite, was adopted wlth some modification to serve as a
prelimlnary test of the activity er capacity of sulphonation
products, Certain samples were selected for a more detailed and
accurate determination of ecapacity, In this determimation the
procedure described by Broderick and Bogard and the American Water-
works Association was followed as.closelv as possihle, The zeolite
1s placed in a vertical tube and water of stendard hardness is
passed through the zeolite bed, The spent zeolite 1s regenerated
with dilute acid (hydroren cycle) or sodinm chloride solution
(sodium cyele) and the test is repeated until a constant working
capacity value is obtained,

The ‘capacity (grains/cub,ft.)

(Volume of soft water produced (galls) x Hardness of
originn]l "ater (grains/gall)

SN

(Volume of Zeollte sample used ( cu.ft.)

A rapid method for determining the attrition or hardness

index of zeolites has been proposed by Broderick and Hertzog 3) and
has been included in the Tentative Manual of Zeolite Test Procedures

4>. This method was

of the American Waterworks Association
followed with minor alterations in the present investiecation, A
more or less arbitrarv indey value havine comparative value is
obtained, Broderick ard Hertzog state that the following meaning
may he attached to attrition index values:

Order of Attritlon Index

Very soft substance 1100
Med ium ’ 340
Hard 490

A detailed description of the methods need not he glven since
the nuhlished methods were followed sufficiently closely, A few
commercial zeolites were also suhjected to the same test procedure
so as to obtain comparable results,

COAL SAMPLES AND THETR PREPARATION,

T e size of commercial zeolite varies hetween 14 and 52 mesh
(B,5.8.) and the samples treated weuld have to he crushed to a

Sim’il@r/..-;..c .
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similar size, It was therefore considered advisable to determine
whether duff coal would represent a suitable raw material.
Eight samples of duff coal were procured and a screening

analvsis and provimate analysis of these samples are given in

Tabhle I,
TABLE 1T,
SCREEN ANALYSIS AND PROXIMATE ANALYSIS OF DUFF COAL
SAMPLES .,
Sample Screen analysis (B.S.S.sieves) Proximate Analysis
R + 14 mesh =14 + 52 =52 mesh Ash;% Moistﬁre % Vol.Mat.%
B 48,2 36,6 15?2 23.4 2,2 2382
c 67,4 25,3 7.3 16.0 2,8 24,9
D 83.9 9.9 6.2 14.3 2,5 25,2
G 13,8 Skl il izt 0.8 18,6
J 8 20,3 8.2 17.7 6.7 26.3
K 65.4 23,8 10,8 18.0 1.9 26.9
L 77.8 15.9 6.3 12.3 1.7 10,0
i 77.0 15,7 7.3 14,9 2.6 29,7

Four other samples of coal were also procured, crushed and the
size fraction ~25 + 36 mesh B, S.S, used in sulphonation tests,

Analytical data on these samples are given in Table 2,

~

TABLE 2,

e

PROXIMATE ANALYSIS OF 4 COAL SAMPLES,

Sample Tyne of coal Proximate Analysis
Number used

s

Ash %_ Moisture % Vol,Vat, %

A Washed peas 1357 2.6 279
E Nuts 21,1 5.8 26,9
F Washed nuts 1156 i E ! P

H Cobhles 12,0 1,9 25,0

These 12 samples were regarded as reasonably representative
of the-types of coal mined in South Afries, In order to he able
to determine the effect, if any, of the ash constituents of the
coal on the cmalitv of the product, portions of thfee of the

ahove/ ,vevee
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above samples, viz, B, E and K were cleaned by washing at S.G, 1,6.
An analysis of the floats at S.G. 1,6 will he found 1In Table 3.

TABLE 3,
PROYTIMATE ANALYSIS OF FLOATS AT S,C, 1,6

Sample Float at Proximate  Analysis
Number ShEs U6 ‘
- % Ash % Molsture % Vol Vat, %
Bl 82,8 0.4 2.6 on 4
rl 67.3 9.4 7.3 28,9

Kt 83.5 10, 3 B 28,4

-

In all tests =25 + 36 mesh material was used for sulphonation,
Products were numhered, usine the letter of the coal sample and a
figure to 1ndicate the numher of the test, Thus A3 means the
product ohtained in the third test on Sample A,

PRELIVINARY TRSTS.

Sulphuric Acid Reagents:.

In preliminarv tests the coal was treated with concentrated
Sulphuric acid, oleum, chlorosulrhonic acid and sulphurie acid
with added potassivm dichromate. Although the weight ratio of
coal to acid was Increased to 1: 10 the mass tended to froth and
cake to a considerable evtent,. The products obtained had poor
activity as determined by the copper svlphate method, This tvpe of
reagent was therefore abandoned,

Sulphur Trioxide:

Preliminary tests with sulphur triovide were done in a
cloqed vessel provided with a stirrer to which- solid SOg was
admitted at intervals, The results with this spparatus were
also disappolinting,

Better results were obtained when SOS was admitted to this
apraratus, and gaseous reaction products were withdrawn from it
continuously. The results were, however, erratic and this
appeared to be due to the abrasion caused by the stirrer, A
considerable proportion of - 36 mesh material was formed and this
terded to he more active bv the CuS04 test than the + 36 mesh

meterial,

‘,_\-‘- /Uuavu.rc
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A rotary retort was then madad #ch rave satisfactory results
so that all subsequent experiments were done in this apparatus.

Sulphonation Apparatus.

The design of this apparatus which 1s shown diagrammatically
in Flgure I, was larpely based on that used by Broderick and

)

Bogard 2 . Sufficient data are given in the figure so that the
apparatus need not be discussed in detail,

The platinized asbestos was prepared by soaking gooch ashestos,
from which the finest fibres had been vremoved by washing, iIn
platinic chloride solution, drying and igniting in the reaction
tube at 50006, Finally the reduction was completed by passing
air, saturated with me thy'l alcohol vapour through the tube,

| Sulphur diok¥ide and oxygen were taken from storage bottles
and passed over the catalyst in the volume ratio of 2 : 1
respeetively, The catalyst was heated electrically to the
reactlion temperature but as sodnlas the reaction set 1n, 1t proceeded
with such vigour that no further external heating was required,
The speed at which S02 was admitted could not he increased beyond
3000 c,e, per minute in order to keep the reaction temperature
belew 500°C,

The Initial activity of the éatalyét was not determined, but
1t 414 not seem to decrease arpreciably and when measured towards
the end of thé'investigation_the conversion of S02 to SO3 was
89% at a rate of 1000 c,c, of S02 per minute, |

Reaction CGonditions,

In‘all the tests 200 grams of ailr dry coal (~25+ 36 mesh)
were charged %o the retort. 7

The retort was rotated at 11 r,.p.m,

The reaction temperature was generally 16000. This figure
was chosen after consulting the quk of Broderick and Bogard 2)
and doing a few preliminary tests, The rate of the SOS was
adjusted so that no,or only a small quantity of SO03 should escape
unused, and was, of course,limited to a mavimmm of 3000 ¢,c¢./minute

by the capaclty of the platinized ashestos,
It/'.ﬂ'l..
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It was also not feasible to check it entirely so as to maintain the
Pt-catalyst at a reasonable reaction temperature,

- In practically all evperiments the pressure in the reaction
vessel was athSpheric (about.650 m,m, Hg ) as the apparatus was not
designed for any higher nressure, The sulphonation time was
generally 310 minutes, Some of the results of preliminary tests
are shown in Table 4,

TABLE 4,

RESULTS OF PRELTVINARY TESTS IN ROTARY
RETORT,

Product Sulphona- Temp, Yield (% on dry coal) Activity of + 36
Numher tion Time 1n =3 mesh material

(mins;) Retort 4+ 36 =~ 36 Total _ * . (CuS04 method-)
" ‘ O¢ mesh mesh_ (erm Cu/prm dry Zeolite)
de JigeR s oG 160.. 1V, 77 - 1234 0, 0576
A'26, 1310 160  117,1 4.6  121.7 0, 0574
A 22 340 G, SIN8 7S el 123,8 0, 0572
A 25 400 60 - 1A6eH aZ 0 12348 0,0610
A 23 310 190  113.6 4,6. 118.2 0, 0550
A 24 310 13012 gt e 0.0532
427} ‘310 160 114,5 7,7  122,2 0.0520 ~

e = e

¥ Test conducted at 750 m.m, Hg pressure as against 650 in other tests

*) A mixture of dry SO3 and HC1 gas was used in this test,

St s

The choige of the ahove reaction conditions was lareely based

reliminar -
on the results of thesem%ests. ﬂ% claim is made that the conditions

chosen were optimum conditions for any coal.

Working up Reaction Products and Results,

In all the tests 503 was useg up rapidly at first, At a given
time,; varying from coal to coal S03 absorption degcreased appreciably |
and SO3 began to appear in quantity in the exit gas, - The S03
current was then decreased to a minimum of 500 c.c,/min, ; while the
test was allowed to proceed,usvally to a total ¥ime of 310 minutes,

The polnt where the S0p first reached 500 c.c,/min, was designated
by "apparent éatpration point™, Moisture was eiven off from the
charge durine the whole exneriment and the product was finally found

to »e/....
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to be "wet" containing an aporeciable cuantity of sulphurie acld,

Tn order to remove the acld the product was washed three or four

times by decantation,

Tt wae then transferred to z Buchner funnel

where 1t was washed by addins distilled water about 10 times, and

sncking dry after every addition of water,

Even this thorough

wagshing failed to remove the last traces of sulphuric acid.

Durine the washing a cuantitv of product was inevitably lost

as verv fine material running through the filter,

The product

was finally dried at 105°C and then screened to determine 1ts

content of ~.36 mesh material,

The SO2 consumption was determined from the flowmeter which

was checked by weighing the S02 centainer hefore and after a test,

The following evample may serve to show how the tests were

conducted and the S02 consumption was calculated,

Test L 4
Weight of air dry coal used (srms) = 200
‘Moisture content (%) = 1,7
. 'y Welght of dry charpe (erms) = 106,3
Average Room temperature Aol (k8
Atmospheric pressure (m,m.He. ) = 653
Reaction Temperature (°c)H = 160
Pressure in Retort = atmospheric
Flowmeter correction factor = 0,8
Density of S02 at N,T.P, (grm,/1) = 2,927
ITest s02 underiF'loW- Volume of S02 at N,T.P,
jPerilod regsure (meter A e
, (at Plowmeter) Toan Uncorrected Corrected I, of|Wt,S02
I (p) mins, ofy |dine (D}f'byéjlﬁg‘?-_ﬁ (Uncor.:x S02., - on dI'Y
| | (2) mm,Be (5)Vmin, 760 273418) 0,8)  flerms.)|coal
| j { ‘ L}itreS) (1itres) | (%)
s i o
 0=-5 | 51 24 13 5.
el d oy o
- 2 32 2.5 52.8
}55-85 . 50, 36 3,0 1275
I 85-95 10} e 2.5 21.1
| 95-105| 10, 30 A 169
n05-115 10| 27 1.5 12,6
115-12% 10, 26 i 8,4 ~=! Apparent
j ; | Saturation ‘
20730085 B0y L 008 o 78,0 62,4 1182,6 93
o, V - . et ....._'V..._.‘..._...],.
L. o Total ALk eedve Lol ] 2eail
; U?@ﬁ in veriod ur to apparant satuvafion | | 301

————— 1 i S A WA i e
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Sulphonation urder Standardised Cornditions.

The results of ‘tests on the coal samples are tabulated 1n

Table 5
TABLE 5.
SULPHONATION TESTS ON COAT, SAMPLES,

I‘l‘est Duration of | Calculated on df& coal charged " | Activity

‘Sulphonation i S02 Consumption | Product yield. ® + 36 mesh
| | (min, ) — i (ZWeight ) | _(Z Teight ¥ ~<§3§8§%§§haﬂ)
| *égamﬂmmﬂAfter.To&uiggéﬁgfAfmr.Totﬂd moth, | meoh.| Total . Cgéglgig‘
: ‘ ‘ @ TINE . : é
|26 | 140 " 90 | 310f 357 | 871424117 | 5 pe2 | o0.0574 |
51 | 125 | 185 | 310i o011 931384 o7 |17 |14 0,0592
Bl2 . 155 | 155 § 310} %772“ 781455 | 112 |11 123 0.0590 |

C1{ 205 | 105 3103 364 | 544181 89 |19 (108 | 0,058 |
‘D1 | 170 | 140 ; 310] 364! 70|434 1060 -|16 116 0,0508 !
'E1 ! 200 {110 | 310] 29| 57[353 ;101 |11 (112 0.0548 |
E'2 | 145 | 165 | 310] 318! 88|406 /109 | 9 118 | 0,054
i F1 | 210 | 100 | 310 5°5; 50 /635|119 |.8 |127 | 0,05%

G 1. . 185 | 125 | 310§ 3710 62 1433 - 93 136 [129 10,0594
'H 1| 160 | 150 310| 303! 75|468| 117 | 7 |12 0.0618 |
B2 | 155 | 155 | 310] 397 | 78 l475|118 | 5 |123 0.0602
72| 115 | 195 | 310| 260|104 | 364|100 | 8 |108 0.0578
K1 | 130 | 180 | 310| 285 | 91349110 | 7 |117 | 0,0586
k2 | 170 | 140 | 310| 376 71 |447|118 | 7 [125 | 0.0606

L 1| 110 | 200 | 310| 204 90 |323|110 |13 |132 0.0616

L4 | 125 | 185 | 310| 301 | 93 {394|122 | 11 | 133 0.0620

M1l 170 60 | 230| 408| 30|438{113 | 5 | 118 0,0522

With the exception of sample M 1, which was purposely prepared
to have a medium activity only, the activity of ali the products 1is
reasonably uniform and qui&fi&'0,0SQ is considered an avefége value
for commercial zeolites (Beaton and Furnas 1)), Because of their
uniformity these activity values counld not he chosen as a hasis of
selection of produects for further work,

The r;producihilitv of results is shown by tests H 1 and H 2,

Washing the coal before sulvhonation does not seem to have a
verv marted effect on the aetivity of the nroducts, This is evident

from a comparison of samples Bl and B127 Eland E12, X1 and K12,

It was not nossi»le to sithject all these products to more

detailed tests and consecuvently samples ¢ 1, ¥ 1, J 2 and L 4 from




S RO
four typical coals were selected ( more or less on the hasis of S02
consumption during s»wlphonation) for this purpose, A lareer bulk
sample of sulphonated coals was made up bv combining samples Al9,
A22, H 2, %12 and 11, Thig bulk sample was numbered CZ for future
reference, '

Full capacity tests on the hydrogen- and sodium~cycle, as well
as sttrition index determinations were done on these samples and the
resnlts are shown in Tahles 6 and 7, where values for ecmmercial
products are also given for eomparison, The commercial carhonaceons
zeolite is indicated nv the symbol "Karh" and the commercial mineral
sodinm zeo6lite by NaZ while a samnle of B,D,H, Permutit is desienated
by B.D.H.P,

The products all had hicher capacities than the commercilal
products, On the other'hand thev showed considerably greater
swelling on wetting and rather inferior hardness characteristics,

It appeared possible therefore that thev had been over-activated,

The treated water ir the sodinm evele had an appreciable
hardness, so much so that the erd noint of the capacity test had
to he arbitrarily chosen as that point where an appreciable increage
In hardness of the treated water was just evident, instead of deter-
minine the end point at a definite hardness e.g. 10 as stipulated in
the testing methods consulted.

*Generally the averare hardness of the treated water was highest
for zeolltes showlng the highest activitv. It will be shown later
that the hardness of the treated water largely depends upon the
dersree of regeneration 6f the zeolite,

A more serious matter in connection with these carbonaceous
sodium zeolites was that the treated water always contained some
e (e R e A e U OBl Lot I o DR el o
Sodium evchanger plant is not uswally built to handle water con-
taining free mineral acld and the presence of such acid would cause
corrosion trouble, The acid would have to be neutralised in any
case before the water left the plant, As sodium ewchangers would
probably find wider use in small installatlons than hydroren

exchansers. A more detailed study of the produetion and working
of the former was made,
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FACTORS AFFECTING THE CAPACITY AND ATTRITION VALUES.

(a) Pre-oxidation:

It was evident from evperimental work that the S03 used for
sulphonation largely acts as an oxidising agent, Accordingly,
some tests were conducted in which the coal was oxidised with air
prior to subjecting it to sulphonation, The products obtained in
these tésts had poor activity, as well as high attritién values and
the matter has not heen followed up further,

(b) Duration of Sulphonation,

The dyration of sulphonation affects both the capacity and the
attrition index as shown by the results given in Table 8, The
attrition indey of products from coal L Was already too high at a
stage whefe the capacitv was still comparatively low,

(¢) Effect of Trommeling:

Tests were conducted to determine whether better resvlts could
be obtained by subjecting eitrer the coal before sulphonation or
the sulphonated nroduct to controlled attrition by trommeling for
fixed periods, Such a process would tend to produee rounder
particles, Some results in which sulpronated products were
trommelled in the presence of water are given in Table 9.ﬂ§‘They
indicate that better attrition indices may he obtained, but there is
still some doubt whether a sufficiently low attrition index can be
obtained by fhis process unless the original coal possesses the
desirable characteristics,

(d) Type of Coal:

These tests were conducted on two coals having the Grindability

Indices. shown in Table 10, )

#s-In the case of sample L,8 ®able 9, trommeline was applied
before, sulphonation, no water being added and the-36 mesh
material heing suhsequently removed prior to sulphonation,

Page 14/...
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TABLE _8, |
EFFECT OF DEGREE OF SULPYONATION,

Product

Number L 3 L5 T Py e L 4
Sulphonation Tempt.PC) 145 160 160 160 160
Duration (mins ):

Total 310 125 185 245 310

To app. Satury. 95 125 125 125 125
802 Consumption:

Total (% of dry coal) 263 292 323 359 394
Yield(% of dry coal):

Total 138 128 a8 133 133

-~ 36 mesh 12 6 6 8 11
Swelling w. Wetting(%) 9,7 8.6 19.1 o8,2 31,2
Capacity '

gAir dry hasis) 13,300 10,800 12,700 14,700 16,400

erains CaC03/cu,ft.)

Avg, Hardness of _

Treated water (p.p.m.) 0 0 6 2 3
Chem, Efficlency:

(Lb,HC1/Kilograin

CaC03) 0,154 0,190 0,162 0,140 0,125
Attrition Index * 0467 1180 1442 2151 2939

¥ Attrition index of original coal 76 .

IABLE 9.
ON
R g R EFFECT OF TROMVELING/ZEOLITES, .

[ [ ~ |  See Toot
| Quantity of zeolite used 70 grams, Water 200 c.c. note
§ : } Drum rotating at 140 r,p.m, | Page 13
Sample C 7 L 6 % L 8 |
1Trommeling for‘ X i 2
.(hrs,) { o ol 1% 0 & 14 15 0 12
f- 36 mesh ma s 0, I )
‘rial formed € } - 1.1 1.6 - 1.3 i p2iiy | 4,11 6,0
[Swellin %n | : ' S et e
Water {éF 27.4, 0 Lo - 1l 0 112907 21,0 1" 038
| i Capacity (air r ' . i

(grns CaCOg)Y l =

cub.ft.) 16600 i12400 13300 12700 {11500 11700 129002 10100
Avg, Hardness | 2 E kL %

of treated ; it . 3

water (p.p.m,) 4 ! 0 0 0 oM 42l 1 1
Attrition Tde~ | 2977 ;148% 1305 | 1442  [1202 blﬁo 10094 1002

. e ) LA o e i s = . B S meca b s v i i e . concean




TABLE 10,
GRINDABILITY INDEX % (VOL, BASIS) BY BALL MILL

METZOD (A,S,T.M, STANDARDS 1942 III, P,865,
D 408 —= 37 T )

Coal Sample Index
- M ‘ 3137
44,4
Results obtained with these coals are given in Table I1.
TABLE 11.
TESTS ON ZEQLITES PREPARED FROM SAMPLES M AND L,
{
__Sample , e IR OISt (1 |
1 - ' orig. M iorie, £ 10 .|
! ; roar - Oven Alr ECoal ~ Oven Air
| _dried dried | L didrkeddpdniect
. | ! | j | 3
;Moisture Content of j i E (ke ! i
pir dry prod, (Wt. %) i i [ PR R s e T e A
B ! ‘ ? i | |
iCapacity (a2ir dry) g ; } | ! g
(grns CaC03/cu.ft, i ! : ! | il
‘zeolite) * ~ 112200 ;12900 é - . 12000 ! 13160 .
: iAvg. Hardness of treé~ ; i § ; i g
s © ited water (p p.m. .| . : 2 f !
N "Cacoa), - 2 | 3 - i 1 1 ;
Chem, Efficiency | X | E
'(1b,HC1/Kilograin ;’ | s i
CaCo03) - | 0,168 {0,159 - DI O G
3 | i i
httrition Inder 46 | 500 | 626 | 76 | 1045 863
% ahr, R e e Nl e M

The tests Indicate that hard coals should he chosen as raw
material for the production of zeolites.
(e) Method of Drying Product:

According to the literature oven drying of zeolites should
be avolded as this affects the hardness and capacity, No detailed
tests have been done and the fignres given in Table 11 are not
conclusive, °
PREPARATION OF SODIUM ZEOLITE FROM CARBONACEOUS HYDROGEN ZEOLITES.

§ Since the application of hydrogen zeolites 1s mainly confined

to larce Installations under proper control, amd there seems to he
a wlde field for application of sodium zeolites in small installations,
the conversion of carhonaceous “vdrogen zeolites was strdled in

sreater detail,
rIt/'...evno



o

Tt has heen found that the medium 4n which the zeolite is
being treated should not become too strongly alkaline at any stage
and therefore the use of reagents such as caustlic soda and even
sodium carbonate is evcluded, _

The best results have heen obtained when placihg the zeolite
1n sodium chloride solution and carefully neutralising any free
acid formed with sodium carbonate. Methyl orange was used as
evternal indicator since the medium wes very dark and the zeolite
tended to adsorh the {ndicator, During the treatment the mivture
was stirred frecuentlv, . |

‘In former tests the sodium zeolltes were regenerated with
the cuantities of sodivm chloride recommended by Broderick and
Bogard 2), irresvective of their capacity, This is not a
desirable procedure, When repenerating sodium zeolites with a
guantity of sodium chloride equivaienf to the amount of acid used
for reseneration 1n the “vdrogen cvele, the zeolite has a higher
capacity and the average hardness of the softened water is also
improved as indicated by the resnlts given in Table 12 (page 17).

Poorer attrition.indices may hé ébtained when fegenerating the
zeolite to ereater capscity but the other advantages accrulng
are such that 1t is considered advisable to work at a 60 ~ 65%
chemical efficiency rather than to under-resenerate.

It has bheen stipulated in the 1iteratw£333§3ft£olite
samples submitted for attrition indev tests should be regenerated
prior to testing, This stipulation has heen made because the
condition of the zeolite is probahly unknown and it 1s essential
" that the comparative attritiorn inder test should be carried out
under similar conditions in everv respect,

In practice the 2zeolite is subjected to the highest degree
of attrition during back-washing operations of the spent.zeolite,
prior to fégeneration.

The possibilitv that a sample of zeelite may arrive at the
lahoratory in a regenerated condition canrot he evcluded, In such
a case the zenlite wonld he over-recenerated by applving a standa?d'

receneration/. ...
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regeneration procedure before testing, and therefore the procedure
does not give a guarantee that all zeolies will be treated under
similar conditions,

If is therefore considered that a better procedure would be
to subject any zeolite suhmitted for test to a cycle of operations
(using a water of standard hardness) until a constant working
capacity value has been obtained, and then determining the attri-
tion index on the spent zeolite at the end of the last cycle,

This should not be unnecessarily tedious since a zeolite sample
would usvally not he tested for attrition indey only.

THE RECOVERY OF SO2 FROM SULPHONATION GASES.

Analyses of a numher of sulphonated coals revealed that only
ahout 3 - 5% of the S02 used 1is actually chemlcally combined with
the coal, Some of the S02 is converted to sulphuric 2cid and
would not be recoverable as S02,

In order to establish how much S02 might be recovered from
the gases issulng from the'sulp%onation retort an egperiment was
done in which the pgas was passed through caustic soda solution,
This solﬁtion.and the sulphonation product were analysed and a

802 ~ balance drawn up. The resvlts are given in Table 13,

TABIE 13,
SULPHUR DISTRIBUTION IN PRODUCTS FROM TEST T 5.

Grams Wt, % of W%, % of
total S02 S02 conver~

7 used ted to SO

S02 used during test (grms) 573 - -
S02 converted to 803 over catalyst 510 89 100
S02 combined with coal 27 5 5
S02 as S03 or H23504 in exit gases 83 15 16
H2S04 retained in retort, and other

losses ~ by difference (as S02) 146 25 29
S02 in evit gas from reconversion

of S03 254 44 50
S02 in exlt gas(S02 not converted to

803 over catalyst) 63 11 -

— = 4
JRECHPRN
D o A G s

Dl A ot 2ok
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Only about half the S02 used would be recoverable but never-
theless this 1s a substantlal quantity and its recovery would
affect the S02 cost very substantlally.
APPLICATION OF ZEOLJTES FOR DOMWSTIC USE.

Sufficient ‘evidence has been collected in this investigation
to bhe able to state that certain South African coals can he used
as raw materials for producineg zeolites,

Although 1t 1s not possihle to determine the oost of production
of zeolites from lahoratory e-periments with any depree of certainty,
a general considera%ion of factors,such as the raw material reoulre-
ﬁents and their valtiy suerest that there 1s every possibility that
t-e material could be sold at a price comparing favourably with that
of imported zeolite,

" The application of zeolites in industry need not be discussed
in detail, since there.is gquite a volume of 1literature on the
subjectvg).

There seems to he a considerable scope for small domestic
water treatment installations in South Africa where hard water 1s
very frecuently encountered, Here the water softening agent 1s
usnallgt#?ﬂgﬁwdntentially, the soap used for washing.

A comparison of the cost of soap on the one hand, and of salt
reguired to regenerate a sodium zeolite on the other hand, 1s
interesting. u

A cublc foot of sodium zeollte (prepared from coal) should
have a capacity of aprrovimately 8000 grains CaC03 of hardness,
Tt would therefore be able to produce 1000 gallons of soft water
per cvele when treatine water having 2 hardness of 116 p.p.m,
such as the Pretoria Municipal supply, or 230 gallons of soft water
when the raw water has a total hardness of 500 p.p.m.

The zeollte would reouire 2% 1bs of salt to regenerate 1t %o

working capacity, costing 1,8d. at 12/~ per 200 1bs, *

In order to determine the cost of soap required to soften
the same guantity of water, Sunlight soap was chosen as a tvpical

household soap. An alcohelic solution of this soap containing
: 1 gram/,...
(¥ Retall Price cuoted in Pretoria, Nov,, 1944,)



) L] ‘,(c

=207 !
1 gram of soap per 100 c.c. was titrated with "standard? CaCla
solution having a hardness eguivalent to 250 merm, CaC03 per litre,
Tt was determined that 1 gram of soap was equivalent tp 1,678 grains
of hardness (as €aC03).  Therefore 8000 grains (CaCO33 hardness

reguire 4,770 grams of soap, Since a twin cake of soap weighing

244 prams cost 6d. the 4770 grams would cost 9/94,

The comparative costs of softening water by soap and by zeolite
are therefore ahout 117 pence and 1,8 pence respectively, The
zeolite process would require a special apparatus and a figure for
depreciation, interest and wash water for the zeollte after regevera-
tions® would have to he added to the 1.8 penée,but this should not

alter the comparative cost very appreciably

* Wash water regquirements are diTectly‘nroportional to the
hardness of the water heine softened,
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