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The production of sulfur suitable for dusting In 

agriculture, as a by-product of gas manufacture, I a 

development of the past two decades. This thesis dea- 
cribes a commercial process, developed by Portland. Gas and 

Coke Company, for the production of agrioultiral sulfur 

from spent iron-oxide gas purifying material, which con- 

slated of four principal operatIons: 1) Removal of water- 

soluble salts by leaching, 2) MillIng and screening to 

separate the sulfur as a slurry, 3) Extraction of 

ferrocyanldes by treatment with hydrated lime, and 4) Spray 

drying the slurry to produce a finely-divided solid product. 

The final product, after being pulverized and classified, 

contained less than 5% material retained on a 325-mesh 

screen, with a large proportion of particles ranging under 

3 microns ïn size. 



THE PRODUCTION OF AGRICULTURAL SULFUR FROM 

SPENT IRON-OXIDE GAS PURIFYING MATERIAL 

INTRODUC T I ON 

The use of sulfur in agriculture is a development which 

has occurred essentially within the past thxee decades. 

Experiments on the action of sulfur as a fertilizer were 

reported by Bernard (2) in 1911, and in 1914 Maze (8) 

reported on the effect of lack of sulfur in soils. Since 

that time, a considerable literature has built up on the 

use of sulfur in soils, the bulletin edited by Powers (10) 

listing ninety-five abstracts up to 1939. Oregon Agricul- 

turai Experiment Station in 1912 discovered that sulfur is 
a valuable fertilizer for legumes, and. Powers is credited 
with being the first to demonstrate its value for the im- 

provement of alkaline soil (1917). 

Lipman and McLean (7) find that sulfur is an essential 
plant nutrient, which is deficient in some soils, and that 

elemental sulfur may serve as a soll ameliorant to correct 

alkaline reaction and avoid ohiorosis. They report that 

soil reaction adjustment to as acid as pH 4.5-5.0 helps 

control potato scab and soil rot of sweet potatoes, with as 

much as 320 pounds of sulfur per acre being added in sprays 

or dusts in a single season. Their conclusion is that 

"Sulfur as an essential plant nutrient should be considered, 

particularly from the standpoints of soil management, land. 



utilization, and national economy." 

Ridgway (li) diousses the use of sulfur as an 

insecticide and fungicide. Hé points out that its effec- 

tiveness as a fungicide is considered to be largely a 

matter of physical condition, amorphous sulfur being more 

readily oxidized than the crystalline fozii. 

tilt is believed that by air exposure, minute 
quantities of sulfurous acid and sulfuric acid 
are formed which cause the destruction of the 
fungus. . . . As an insecticide, sulfur is 
dusted on. trees and plants or combined with 
lime as a lime-sulfur spray. Powdered sulfur 
is used to combat the cotton flea. . . . In 
recent years itsuse bas become more and more 
important. It was reported that dusting had 
been used successfully in preventing rust in 
the grain fields of Canada." 

The importance of particle size in determining the 

value of sulfur for dusting purposes has long been known. 

The New York State Agricultural Experiment Station Tech- 

nica]. Bulletin 160 states that: 

"The first experiments on the use of sulfur 
as a dust fungicide on hop vinee and orchard trees 
showed that certain physical qualities were 
necessary to obtain coverage and adhesion. 
Blodgett found that the sulfur products then 
obtainable (1912) were unsuitable for dusting 
because the particles of sulfur were too large 
in the case of ground sulfur and the clusters of 
adhered particles in sublimed flowers of sulfur 
were too heavy to float in the air. He also 
recognized the fact that sulfur dust alone did 
not remain a free flowing dust but was inclined 
to ltunp. . . . Measuring the fineness of sulfur 
by sieving has been the general method but it has 
not been found practical to use sieves finer than 
No. 325 (openings of 44 microns) for this purpose. 
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The sieving method is limited 
to measuring the fractions of sulfur that 
will not pass a No. 325 sieve and therefore 
does not furnish a method for grading such 
products, except to detect the very poor 
grades. . . . It is recognized that the 
fraction of ground sulfur that will not pass 
a No. 325 sieve is worthless to the purchaser 
for dusting purposes and that the product 
should be priced at a figure at least in 
proportion to the amount of worthless sulfur 
present." 

According to de Ong (6), most fungus spores measure 

from 5 to 17 microns in diameter, and to secure effective 

contact with spores of this size the sulfur particles must 

be of corresponding size or smaller. Extremely fine par- 

tide size is necessary to assure penetration of the sulfur 

through the maze of minute hair or fuzz present on some 

plants in order to reach the surface of the leaf or fruit 

where the spore lodges. Adherence and ability to remain in 

suspension in the wettable state are also functions of par- 

ticle size. 

A practical limit on the fineness of dusting sulfurs 

is the tendency to remain suspended in air and drift away 

from the area to be covered. In the application of sulfur 

to soils, the machines have been equipped with guards to 

prevent drifting, and in the dusting of crops by airplane, 

application is frequently limited to periods when the 

atmosphere is normally quiet, usually early in the morning 

and shortly before dark in the evening. 

The production of agricultural sulfur from gas is a 
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relatively recent development, having received ite major 

impetus with the advent of the so-called 'tliquid" purifi- 

cation systems. Cu.ndall (5) states that 

"The process developed by the Pacific Gas 
and Electric Company in 1925 made possible, 
for the first time in the history of the gas 
industry, the economical recovery of salable 
sulfur from gas. This process will remove . 

. up to 98% of the hydrogen sulfide in the 
gas and oxidize it to free sulfur of a form 
valuable in agricultural work. The method of 
liquid purification, as developed by the 
Koppers Company, forms the basis for this new 
process 

The sulfur in spent iron-oxide gas purifying material 

has not been overlooked by inventors, and a number of pat- 

ents have been issued on the subject. (See Appendix p.32 ). 

However, most if not all of the proposed systems result in 

a change in the physical characteristics, i.e. the fine 

particle size which results from the method of formation 

(chemical precipitation) is lost in the processing, which 

usually involves either melting or solution of the sulfur. 

The process described in this thesis, which was developed 

by Portland Gas and Coke Company, Portland, Oregon, had 

for its major premise the separation of the sulfur by 

mechanical means, thereby retaining the fine degree of sub- 

division. Laboratory and field tests had. shown that the 

pilot plant product was a very active insecticide, despite 

the presence of an appreciable amount of inert material. 

Actually the inerte proved to be an advantage, resulting in 

a free-flowing product with less tendency to lump than 
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ordinary commercial ground sulfur. 

SOURCE OF RAW MATERIAL 

The raw material used in this process was the spent 

material from an iron-oxide gas purification system, in 

which the raw gas, containing hydrogen sulfide as the major 

impurity, is passed through a bed of wood chips coated with 

hydrated iron oxide. 

The reactions occurring in the purifier are somewhat 

numerous if all the possibilities for cyanide complexes are 

included, but for the removal of hydrogen sulfide the f ollow- 

ing are considered as of rr.jor importance (Clayton, Williams 

and Avery) (4): 

Fe203.x H20 3 H2S Fo233 (x+3)H20 

Fe203.x 2° + 3 H28 z 2FeS + 3 + (x+3)H20 

The sulfided iron is regenerated by blowing air through 

the purifier, when the following reactions occur: 

2 Fe2S3 + 3 02 z 2 Fe203 + 3 2 

4FeS +302z2Fe203+2S2 

2FeS +02 z2FeO 

With iron oxide as a medium, the removal of hydrogen 

sulfide is simply expressed as 

2H25 =21120 +S2 

The gradual accumulation of sulfur within the purifica- 

tion material results in increasing the back pressure, and 



available iron is removed by the formation of cyanide 

complexes which are not regenerated by the passage of air. 

These two factors limit the useful life of the purifier, 

and the spent material is eventually removed and dumped 

onto a storage pile. 

The spent material has a grey-green color, due to the 

cyanide compounds present. It is removed from the puri- 

fiers by pick and shovel, and exists as lumps of varying 

size up to as much as two feet in each dimension. Some of 

these lumps are quite dense, particularly those in which 

considerable deposits of naphthalene and--or tar may 

occur, which latter may cause the color to be almost black. 

The average bulk density of the material, loosely packed 

and with large lumps reduced, is 23-25 pounds per cubic 

foot. An average analysis was as follows (12): 

Free sulfur 50% 
Iron (as Fe203) 5 
Calcium sulfate 12 
Wood 30 
Naphtha iene, 
Tar, Cyanides, etc. 3 

The estimated amount of material In storage at the 

beginning of the operation described herein was 30,000 

tons, equivalent to 15,000 tons of sulfur. Moreover, an 

additional 950 tons of sulfur per year was being added, 

based on 310 grains hydrogen sulfide per 100 cubic feet of 

gas and an annual sendout of 4,300,000,000 cubic feet. 

The raw material for a considerable operation was thus 



assured. 

TEE PROCESS 

The process for production of agricultural sulfur 

from spent iron-oxide purifying material, as finally 

developed and placed in commercial operation, was as 

follows (see Figure 1.): 

Raw material from storage was passed through a lump 

crusher and conveyed to leaching tanks, where leaching 

with water removed the sulfocyanides and calcium sulfate. 

The leached material was conveyed to a ball mil]. which dis- 

charged into a rotary screen, where the sulfur-bearing 

material was washed from the wood chips. The sulfur slurry 

flowed by gravity to extraction tubs, where treatment with 

hydrated lime converted the insoluble iron ferrocyanides 

into soluble calcium salts, which were removed by decanta- 

tion and further leaching. The extracted slurry was pumped 

to a spray dryer, from which the dried solids were recover- 

ed in a cyclone assembly and reduced to specification 

fineness in a hammer mill operating In closed circuit with 

an air classifier. The resulting product was bagged and 

sold as a dusting sulfur without further treatment, or as a 

wettable sulfur after addition of a suitable wetting agent. 

This process is essentially that outlined by Schwarz 

(12) but contains some modifications and changes which were 

found desirable during extended operation of the plant. 
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CRUSHING AND TRANSPORTING RAW MATERIAL 

TO LEACHING TANKS 

The spent oxide material was stored In an open pile, 

extending to a height of 25 to 30 feet above ground level. 

Material to be used in the sulfur recovery process was 

forked by hand onto a belt conveyor, which carried it to a 

crusher of' the type used in the ice industry, i.e. a rota- 

ting cylinder carrying spikes. This machine reduced the 

feed to pieces with a maximum size of i 1/2 inches in any 

dimension. Part of the feed was In particles running down 

to almost dust size, particularly when operating during the 
summer months. On the other hand, portions of the spent 

oxide mass were bound together with tar and naphthalene, 

in which case very little reduction in size beyond the 

maximum which would pass the crusher was obtained. 

The crushed material dropped onto an inclined belt 

conveyor, which carried it to the top of the leaching tanks, 
where it was diverted into the proper tank by means of gates 

or dams. No attempt was made at packing the material into 
the tank, though a certain amount of raking and shoveling 

was required to prevent segregation, which would result in 
the larger lumps fonning a ring around the periphery of the 

charge. Such a condition would offer a path of minimum 

resistance to the leaching water and result in by-passing 

of the center of the mass. 



o 
BENEFICIATION OF SULFUR MATERIAL BY LEACHING 

The original product of agricultural sulfur contained 

approximately 65% sulfur, the balance being made up of wood 

chips, iron oxide, and caicliun sulfate in roughly equal 

portions, I.e. about l2 of each. Despite the high degree 

of activity which was imparted by the fineness of the aver- 

age particle size, it became necessary to meet a market 

demand for a product with not less then 70% sulfur as such. 

(The sulfur present as calcium sulfate could not be includ- 

ed in this f igu.re.) Some means of beneficiation therefore 

became imperative. 

Of the three inert materials present, the wood appear- 

ed to offer the least promise of successful removal. At 

this stage, the wood was present In very fine particles, 

and so closely associated with the other constituents that 

its removal by simple flotation was found to be out of the 

question. Lack of any mechanical or electrical properties 

by which a separation could be effected, and its relative 

inertness to chemical action, were further problems to be 

faced. In view of all this, attention was turned to the 

other inerts. 

Despite the fact that most of the iron present was 

known to exist as the red oxide (Fe203) which is non- 

magnetic, the chance that it might be accompanied by the 
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magnetic Iron oxide (Fe304) in amount sufficient to enable 

magnetic separation waa considered worth investigating. A 

sample of the sulfur was submitted to one of the leading 

makers of such equipment for test in their laboratories, 

and portions of the products were examinèd in the writer's 

laboratory as well. It was unanimously agreed that no 

separation worthy of the name had been effected. 

An attempt was made to remove the iron oxide and--or 

calcium sulfate by means of flotation. Here again, samples 

were forwarded to producers of equipment in this field, and 

the products examined in the two interested laboratories. 

The results, while a bit more promising than those obtained 

in the were not considered 

good enough to justify further work along this line. 

Iron oxide is soluble in hot, concentrated bydro- 

chloric acid, but only slowly soluble in the cold, and even 

less soluble in dilute acid. A very limited amount of 

calculation ruled out this method of beneficiation on the 

cost basis alone, and along with it practically all hope 

of removing the iron oxide from the product. 

Removal of the cale iuxn sulfate remained as the only 

means of bringing the sulfur content of the product up to 

the required level. A study of the properties of this salt 
revealed little that could be called really promising, but 

with practically unlimited quantities of river water avail- 

able at the cost of pumping only, it was decided to 
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investigate the removal of calcium sulfate by leaching. 

Laboratory tests of the proposed method indicated the possi- 

bility of increasing the sulfur content of the product by as 

much as 8%. 

The solubility of calcium sulfate (CaSO4.2H2o) is but 

0.223 parts per 100 at O degrees C, and only O.25'7 parts at 

50 C. This means that at average air temperatures, approxi- 

mately 2.5 lb. of this salt is dissolved by 1000 lb. (120 

gallons) of water. With slurry batches running to as much 

as 4 tons of dry solids, and containing 10% or 800 lb. of 

calcium sulfate to be removed, a calculated minimum of 

38,400 gallons of water was required per batch, assuming 

fully saturated wash water. 

Initial Leaching Operations. Because of the fineness 

of some of the sulfur particles, a strictly counter-current 

continuous system of leaching appeared out of the question 

at the start, since laboratory tests showed that a very 

limited velocity of upward flow of water prevented satis- 

factory settling. The initial attempt at leaching was 

therefore made using a continuous stream of water on a batch 

of slurry. This operation was conducted in a circular tank, 

22 feet in diameter by 9 1/2 feet high. Water was pumped in 

at the center of the bottom, and overf1owed in a flat trough 

on the periphery of the tazk near the top. (An old Dorr 

Thickener unit was converted for the purpose.) The over- 

flow water was chocked for calcium sulfate content. The 
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first test showed that even when the overflow was far below 

saturation, shutting off the water and agitating the slurry 

quickly brought the calcium sulfate content of the water up 

to saturation again. It was evident that channelling was 

taking place, and attempts to prevent this by introducing 

the wash water at several points on the bottom of the tank 

failed to provide a fully satisfactory solution. At velo- 

cities sufficient to prévent channelling, the slurry was 

stirred up enotigh to allow excessive loss of fines with the 

overflow, and at lower velocities the time required for 

leaching became prohibitively long. This method of leach- 

ing was therefore abandoned. 

The next attempt at leaching of the slurry was con- 

ducted in batch operation. Following removal of the ferro- 

cyanides, the slurry was pmnped to large wood tanks (16 

feet in diameter by 12 feet high) where fresh water was 

added and the mixture stirred thoroughly by portable 

electric agitators. A twenty-four hour period was allowed 

for the slurry to settle, after which the supernatant 

liquor was drained off through a swing-pipe, and fresh 

water added. 

Control of the leaching operation was effected by tait- 

ing daily samples of the liquor just before starting the 

draining of the tanks. The earliest method of handling 

these samples consisted of evaporating a 10 ml. portion in 

a porcelain crucible on a gas-heated hot plate. Despite 
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the use of tared eruelble$, the necessity for final cool- 

Ing and weighing, when added to the time for evaporation, 

made the operation quite time-consi.m1ng for a control test. 

A more rapid method was developed which consisted of add- 

ing a definite volume of barium chloride solution to the 

sample, and determining the turbidity produced by the pre- 

cipitated barium sulfate in an ExtonScopometer (an optical 

instrument of the disappearing wedge type.) Tests could be 

completed in a few minutes in this manner, giving the plant 

operator a quick guide to the need for further leaching. 

Saturated solutions were the rule until almost the last of 

the calcium sulfate bad been removed, and usually one wash 

sufficed after concentration of this salt in the wash water 

dropped below saturation. (The Scopometer was calibrated 

against solutions of known calcium sulfate content, and 

the results marked directly on the sliding scale of the 

instrument in terms of percentage saturation for this salt. 

Because of relatively rapid settling of the barium sulfate 

precipitate, a strict routine of taking readings with a 

given time after addition of the precipitant was necessary 

to obtain consistent results, but this did not prevent the 

method from being a valuable aid to control of the leaching 

operation.) 

Leaching of the brown sulfur slurry was not without 

its troubles. It was found that as the leaching progress- 

ed, increased difficulty in getting proper settling of the 
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solids was encountered. Specifically, it was observed 

that a point was reached where a considerable amount of 

solids remained in suspension after a period of twenty- 

four hours, which limited the amount of clear wash water 

to be decanted, and this in turn reduced the amount of 

fresh water which could be added. 

A laboratory study was made of the leaching operation, 

in which samples of fresh slurry produced in the plant were 

allowed to settle in vertical glass tubes approximately 

2 1/2 inches in diameter and 4 feet long. Leaching was 

conducted in simulation of plant operation, and observa- 

tions were made of the degree of settling obtained in vary- 

Ing time intervals. It appeared that even before the cal- 

cium sulfate was removed to a point where the wash water 

was less than saturated, some factor entered to cause a 

considerable portion of the finer particles to remain sus- 

pended for relatively long periods. 

Careful consideration of the observed data led to the 

thought that this condition might be likened to that in a 

colloidal system, in which case precipitation is sometimes 

accomplished by the addition of very soluble salts 

(electrolytes). Bogue (3) indicates that 

"It has been noted that precipitation of 

most suspensions is caused by the addition of 
the proper amount of electrolyte and that this 
effect is due to the change in either the co- 
hesive force or the potential. The amounts of 

the various ions necessary to cause these effects, 

however, are very different. Two general 
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8tatements may be made which agree fairly well 
with practically all experimental results: 
(1) The effect on the potential and stability 
is primarily due to the ion of the opposite 
charge to that of the suspension. (2) The 
concentration of electrolyte needed to cause 
precipitation decreases rapidly as the valence 
increases n 

Laboratory tests on the sulfur slurry revealed that 
the suspended particles were apparently negatively charg- 
ed, since relatively rapid coagulation and settling 

occurred on the addition of ferne chloride. The use of 

salts of higher valency appeared to be too costly, and 

ferne chloride was the cheapest material which met the 

other requirements of availability, solubility, and lack 

of reaction to form salts less soluble than the calciixn 

sulfate. However, when tried on a plant scale, it was 

found that excessive amounts of this salt were required to 

control the settling, and the method was abandoned. Whe- 

then or not the presence of ferne chloride affected the 

leaching of calcium sulfate was an academic question, the 

study of which could not be undertaken for lack of time. 

The difficulties encountered in leaching the sulfur 

slurry ultimately led to leaching of the oxide material 

before grinding in tb.e ball mill. The first attempt in 

this direction used a continuous washer. A wood stave 

tank, 14 feet in diameter and lO feet high, was equipped 

with a screw conveyor to discharge oxide material from the 

bottom through an inclined tube whose outlet end was level 
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with the top of the tank. An overflow trough was provided 

as on the slurry washer described above. Water was intro- 
duced at several points on the periphery of the tank near 

the bottom, and oxide material added in a eteady stream at 

the top. A false bottom in the tank, intended to aid in 

discharging the washed material, consisted of an inverted 
truncated cone, with sides at 60 degrees to the horizontal. 

Calculated time for the solids in this washer was thirty- 

six hours. Early attempts at operation looked favorable, 
sinee the overflow water was not saturated with ealcium 

sulfate, but it was found that the discharged material 
still contained a large portion of its original ea1ciun 

sulfate content. 

Close observation of the operation of the washer made 

it appear that the solids were not moving down In the tank 

as a mass, but that a large part of the original charge was 

still in the unit, and that fresh material was moving 
through rapidly by way of a channel or t?ohimneytt in the 

center of the mass. This was proved by placing a large 

cork, with measured wire attached, in the center of the 

tank with the fresh feed, and recording the time for the 

cork to descend to the bottom. It was found that the mater- 

ial was actually moving through the washer in 3 hours in- 

stead of the thirty-six hours intended. Drainage of the 

water with the discharge conveyor in operation revealed a 

channel of less than 18 inches diameter extending up from 



the bottom of the tank to a height of approximately 7 feet, 

where it spread sharply to the full diameter of the tank at 

the upper surface of the eharge. The remainder of the space 

in the tank was packed tight with an immobile mass of the 

oxide material. The moving material, having less chance to 

pack than the material in the stationary portion, offered 

less resistance to the flow of water than the remainder, and 

the effect appeared to be the relatively rapid passage of 

solids through the washer in short-time contact with a rela- 

tively large amount of water. The net result was a very in- 

efficient job of leaching. 

An attempt was made to overcome the disadvantages of 

the above washer by dividing the tank into four sections or 

quadrants by means of vertical walls set at right angles. 

Two sections were to be washing while a third was being 

filled and the fourth was being discharged. A single dis- 

charge port served for all four sections, and leakage past 

this point resulted in channelling which finally led to 

abandonment of this type of washer. 

Consideration of the experience to this point led to 

the installation of four oxide washers, operated as batch 

units. Stave tanks 6 feet in diameter and 15 feet high were 

equipped with bottom discharge into short screw conveyors 

leading to a common, flight conveyor, which fed the ball mill. 

Water was Introduced at four points on the periphery of the 

tanks near the bottom, and discharged through a single 
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overflow port at the top. The relatively small cross sec- 

tion of these tanks helped to reduce channelling. Each tank 

was filled, washed, and discharged in order, providing a 

continuous feed for the ball mill. 

Each batch of oxide material was washed twelve hours. 

The overflow water was nearly blood red in the early part of 

the cycle, due to the presence of iron thiocyanate (FeONS), 

but this very soluble salt was soon washed out, and during 

the major portion of the cycle the overflow was almost 

crystal clear. Tests on the discharged material indicated 

that a satisfactory job of leaching was being accomplished. 

BALL MILLING AND SCREENING 

Removal of the sulfur-bearing solids from the surface 

of the wood chips was accomplished by passing the leached 

material through a wet ball mill. This type of mill was de- 

cided on after an investigation by Mr. S. C. Schwarz and 

Professor S. H. Graf (13) of various possibilities. The 

shearing action of some mills produced too many shreds or 

fines from the wood, thus lowering the sulfur content of the 

product. Construction of the plant-scale ball mill was 

carried out after a pilot scale test in a rotary-type con- 

crete mixer had proved satisfactory. The mill, 5 feet in 

diameter and 8 feet long, carried steel balls, and was de- 

signed for a normal operating capacity of 1250 pounds per 

hour of dry oxide material. Efficiency of the milling 
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operation was checked by taking samples of the waste chips 

from the discharge of the rotary screen and determining the 

sulfur content. 

The product of the ball mill was discharged directly 

into an inclined rotary screen, 2 feet in diameter and 10 

feet long, in which the screening surfaces wore perforated 

metal plates. This type of screening medium was found to 

give a minimum of difficulty with plugging with wood slivers. 

The chips were washed with water from sprays as they passed 

through the length of the screen, and on discharge were 

sluiced to a discard pile at the end of a wooden flume. 

The material passing through the holes in the screen 

dropped into a collecting vat and was transported by gravity 

flow into wood stave tanks set in the ground to a point 

approximately 1 foot ±rom the top. The "greent' slurry, as 

it was known at this stage, was then ready for removal of 

the ferrocyanides. (The green coloration was due to the 

presence of various iron ferro- and fern-cyanide compounds.) 

FERROCYANIDE EXTRJCTI0N 

In orden to provide a sulfur acceptable to the agnicul- 

tunal interests, it was deemed necessary to remove the ferro- 

cyanides. This operation, performed on the "green" slurry, 

consisted of the addition of dry slacked lime (calcium 

hydroxide) until a pH value of approximately 10.0-10.5 

resulted after stirring for thirty minutes. This degree of 
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alkalinity, as indicated by the work of Schwarz (12), effect- 

ed almost complete conversion of the ferric ferrocyanide to 

the soluble calcium salt, without excessive loss of sulfur 

as alkaline polysulfides. Plant control of the pH was 

effected by using test papers, made up as follows: Blotter 

or filter paper was dipped into solutions of phenol red (pH 

interval 6.4-8.0), thymol blue (pli interval 8.0-9.6), and 

La Motte purple (pH interval 9.6-11.2) and then dried. On 

dipping strips of these papers into the liquor in the extrae- 

tion tank during and after the addition of lime, the change 

in alkalinity could be followed with sufficient precision 

for practical purposes. The pH valuo was judged satisfactory 

(and the judgment confirmed by laboratory tests) when the 

thymol blue strip remained permanently blue and the La Motte 

purple strip showed not more than a faint tinge of pink. 

Mixing of the slurry in the extraction tanks was by 

portable electric mixers, which could be clamped to the side 

of the tank, and moved from tank to tank on an overhead mono- 

rail system. Agitation of the slurry (which turned brown 

during the extraction process) was usually continued one 

hour after addition of the lime was complete. The solids 

were then allowed to settle overnight, the supernatant 

liquor decanted off with a swing-pipe, and a fresh batch of 

wash water added. Following a second settling period, the 

wash water was decanted and the slurry pumped to the dryer 

feed tank. The brown color of the extracted slurry and the 
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resulting solid product was due to the iron oxide present, 

which completely masked the characteristic yellow color of 

pure sulfur. 

SPRAY D1ING 

Conversion of the sulfur slurry into a dry solid posed 

a major problem, since the large amount of water to be remov- 

ed and the heat-sensitive character of the product were ob- 

stades of no mean proportions. Tests on a laboratory scale 

showed th.t the slurry settled to form a filter cake of very 

high density, which made the feasibility of filtering off 

the excess water appear very doubtful. Moreover, the handl- 

ing of a dense cake in the conventional type of rotary or 

chamber dryer, when limited by the relatively low melting 

point of the sulfur (246 F), would be a slow and therefore 

costly process. Consideration of these factors and the 

success which had attended the spray-drying of various mater- 

lais (i) led to a small-scale test on the Peebles (9) spray 

dryer by Western Precipitation Company. The favorable re- 

suit of this test was followed by installation of a full- 

scale unit, designed for the production of 7.5 tons of dried 

product per day (twenty-four hours). (See Appendix p.34 

for description of spray drying process.) 

The slurry in the dryer feed tank was stirred constantly 

to prevent settling, and the solids content adjusted (when 

necessary) by the addition of water. A relatively uniform 
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solids content in the feed to the dryer was found desirable, 

and control was exercised by a simple hydrometer test, made 

by the dryer operator at frequent Intervals. 

Separation of the dried sulfur from the effluent gases 

from the spray dryer was made in a cyclone-type device 

(Western Precipitation Companyts ilMulticionett). The product 

was bagged and stored to await further processing. 

The sulfur slurry proved to be a rather difficult 

material to dry successfully, one of the principal reasons 

being the inherent tendency of sulfur to soften and become 

sticky at a relatively low temperature. It was found nec- 

essary to operate with an outlet temperature not in excess 

of 230 F, and oven with this precaution, the occasional shut- 

down for cleaning usually disclosed some areas within the 

dryer tank and discharge port where local over-heating had 

occurred, resulting in a deposit. A second and somewhat un- 

expected difficulty was the eroding effect of the slurry on 

the nozzles or ports of the atomizing spray head. 

PULVERIZING AND CLASSIFYING 

The dried sulfur material as discharged from the "Mul- 

ticlone" contained approximately 45% of material which would 

not pass a 325-mesh screen, which necessitated a pulverizing 

operation. This was carried on in a Raym.ond hammer mill, 

operating in closed circuit with a Raymond air classifier, 

which produced a material having less than 5 coarser than 
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325-me8h, i.e. 95% or more passed through a 325-mesh screen. 

(See Appendix p.35 for test method.) 

Because of the explosive hazard which accompanies the 

handling of all finely-divided combustible materIals (and 

many materials not ornmon1y considered as combustible, such 

as powdered metals), it was necessary to provide an Inert 

atmosphere in which to conduct the pulverizing and classify- 

ing operations. The accepted value for maximum oxygen con- 

centration in a system handling sulfur fines is 9%, but as a 

margin of safety this operation was conducted at a maximum 

of 8% oxygen. This was accomplished by feeding the system 

with combustion products from a pot-type solid fuel burner, 

operated down-draft by means of a fan, with the gases cooled 

in a water spray before entering the dust-handling apparatus. 

Coke was found to be the most desirable fuel for the burner, 

since the presence of volatile matter in the fuel resulted 

in a smoke or fog which was not separated in the washer, and 

which appeared to affect the efficiency of the wetting 

agents used in making "wettable" sulfur. 

As a check on the conditions within the dust-handling 

system, periodic samples of the inert gas in the system were 

taken for analysis by an automatic gas analyzer (Orsatomat), 

which gave the percentage of carbon dioxide on one scale and 

the percentage of carbon dioxide plus oxygen on another. 

The difference, representing oxygen, served as a guide to 

the operation of the burner, a sudden increase usually 



25 

indicating an insufficient fuel supply or a "blow hole" in 

an otherwise satisfactory depth of fuel. 

PRODUCTION OF WETTABI SULFtJR 

The normal production of sulfur material was very re- 

sistant to any wetting action by water. However, the market 

demand for a wettable sulfur which could be used in the f orni 

of a water suspension led to the incorporation of a wetting 

agent in a part of the product. Thiz material was added as 

a dry powder to the air classifier, resulting in adequate 

mixing with the sulfur. Its effectiveness is indicated by 

the observation that in a standard test for wettability (see 

Appendix p. 35), ordinary Microsulfur would not be wetted 

to any noticeable degree in a period of twenty-four hours, 

while sulfur to which 0.75% by weight of wetting agent had 

been added would be completely wetted in less than one 

minute. 

Because some very efficient wetting agents were not 

available in powder form, but could be obtained as water- 

soluble pastes, it appeared desirable to incorporate the 

wetting agent in the slurry before drying, and at least one 

attempt was made in this direction. However, the result 

was not encouraging because of a tendency for the material 

to pass through a very sticky, gummy stage in drying, which 

added to the difficulties of dryer operation. 
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PROPERTIES OF TRE PRODUCT 

Á indicated above, the finished product was a very 

fine brown dust, with more than 95% pa8slng through a 

325-mesh screen. Marketed under the trade name 

sulfur", the product contained a guaranteed minimum of 70% 

sulfur, and in the case of wettable sulfur, had a wetting 

time of less than one minute. 

An idea of the relative particle size of the product 

can be obtained from the photomicrograph at 256 diameters 

(Fig. 2, page 27), in which the scale divisions are 50 

microns apart. The photomicrograph at 650 diameters (Fig. 3, 

page 28), in which most of the particles are less than 3 

microns, indicates the relative uniformity of particle size. 

CONCLUSION 

A conimercial process for the production of agricultural 

sulfur from spent iron-oxide gas purifying material was 

developed by Portland Gas and Coke Company, Portland, Ore- 

gon. It consisted of four principal operations: Removal of 

water-soluble salts by leaching, milling and screening to 

separate the sulfur as a slurry, extraction of ferrocyanides 

by treatment with hydrated lime, and spray drying the slurry 

to produce a finely-divided solid product. The final pro- 

duct, after being pulverized and classified, contained less 
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Fig. 3. Microsulfur 650 z 

Long diameter of largest particle 8 microns 

Most particles less than 3 microns 

Photomicrograpa by S.H.Graf 
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ti-ign 5% materIal retained on a 325-mesh screen, with a 

large proportion of particles ranging under 3 microns 

in size. 



30 

BIBLIOGRAPHY 

1. A]íord, Edwin C, Chemical and Metallurgical Engineer- 

ing, 4], 634-36 (1934). 

2. Bernard. Deut. Landw. presse, 39; 275. 

3. Bogue, R. H., "Colloidal Behaviortt, p. 95. vsi (McGraw- 

Hill Book Co., New York, 1924.) 

4. Clayton, R. H., Williams, H. E., and Avery, H. B., 

Gas Journal, 196; 311 (1931). 

5. Cundall, K. N. Proc. Pacific Coast Gas Assn. 17, 

408 (1926). 

6. de Ong, E. R., Bulletin "Microsulfur", p. 5, Portland 

Gas and Coke Co., (No date). 

7. Lipnian, J. G., and McLean, H. C., Chemical and Metal- 

lurgicai Engineering 38, 394-96 (1931). 

8. Maze, P., Compt. Rend. Acad. Soc. Biol. (Paris) 77. 

539-41 (l9i4) 

9. Peebles, D. D., U.S.Patent, 1914895 (1933). 

10. Powers, W. L., Bulletin, Agricultural Department, Texas 

Gulf Sulf'ur Co. (1940). 

li. Ridgway, R. H., U.S. Bur. Mines 1.0. 6329. (1930). 

12. Schwarz, S. C., Thesis tIA Study of By-product Recovery 

from Spent Iron Oxide Gas Purifying Material" submitted 

to Oregon State College, June, 1936 in partial fulfill- 

ment of the requirements for the degree of Chemical 

Engineer. 



31 

BIBLICOERAPHY (Continued) 

13. Schwarz, S. C. and Graf, S. H., Confidential report 

to Portland Gas and Coke Company. 



32 

APPENDIX 

Patents on the recovery of sulfur from spent gas- 

purifying material. 

Fr. 353,. March 25, 1905. Cornillaux. Extracting and 

purifying sulfur contained in illuminating gas purifying 

materials, consisting in passing the benzene or other solu- 

tion through powdered metallurgical coke. 

U.S. 833,573. October 16, 1906. Joseph J. M. Becigneul, 

Nantes, France. Obtaining sulfur from gas-purifying mater- 

lais. Extraction with hot toluene. 

Brit. 596. January 9, 1909. Percy E. Williams. Treatment 

of spent oxide and like material for the recovery of sulfur. 

Uses ammoniacal liquor to dissolve sulfur and form the poly- 

sulfide, from which free sulfur is later recovered. 

Ger. 245,570. July 14, 1910. SOc. H. Gouthiere and Company 

and P. Ducanel. In the recovery of sulfur from used gas- 

purifying masses, the latter are treated with (N114)23, where- 

by the sulfur is dissolved. 

U.S. 1,059,996. April 29, 1913. E. J. Hunt and W. T. 

Gidden. Recovering sulfur from tarry spent oxide by heating 

to at least the melting point of the sulfur. 

Fr. 454,990. March 3, 1913. Soc. D'Eclairage, Chauffage 

et Force Motrice. In a process of removing sulfur and nitro- 

gen from exhausted gas-purifying masses, the sulfur extrac- 

tion is effected by portions of light benzine. 
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Brit. 127,128. June 15, 1918. 

Spent oxide is treated in centrifugal apparatus for removal 

of sulfur by solution in CS2, with or without 'benzene. 

U.S. 1,478,180. Dee. 18, 1924. A. Given. Spent oxide is 

treated with successivo portions of benzene or other sol- 

vent. 

U.S. 2,088,190. July 27, 1937. Francis I. DuPont. 

Sulfur is dissolved by 082 and discharged into water at a 

temperature high enough to effect volatilization of the 

solvent. 

U.S. 2,118,140. May 24, 1938. Robert W. Beattie. 

Sulfur in ores, spent gas works oxide, etc. is dissolved in 

a low-melting, high-boiling halogenated polynuclear aromatic 

compound (such as chlorinated naphthalene). 

Ger. 708,031. June 5, 1941. Robert Stobe. 

Reclaiming sulfur from the mass used for gas purification. 

Involves extraction with liquid and--or gaseous perchlorethy- 

lene. 



34 

APPENDIX 

Note on Spray Drying. This process, which dates back 

as far as 1865, but which Irns received major attention 
principally within the past thirty years, is discussed at 

length by Fogler and Kleinscbmidt (md. Eng. Chem. 30, 1372 

(1938)). They summarize as f allows: 

"In spray drying, a solution or slurry containing 
the desired solid material is continuously 
sprayed into a chamber and subjected to the ac- 
tion of a stream of drying gas, usually pre- 

heated air or diluted products of combustion. 

One of the most important aspects of the 
process is the physical form of the product, 
which is usually granular; . . . . The other 
important advantage of spray drying is the rapid 
rate and relatively low material temperature at 
which drying is accomplished. From 15 to 30 
seconds is a fair estimate of the time a particle 
stays in the spray-drying chamber when passing 
from liquid to solid form; the particle tempera- 
ture need not rise materially above the wet- 
bulb temperature of the liquid of the solution. 
This makes the process particularly adapted to 
the drying of heat-sensitive materials, some of 
its most important applications being the drying 
of milk, eggs, potato flour, soap, and blood." 
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APPENDIX 

Tests On Sulfur 

Screen Test. A i gni. sample Is brushed onto a 325- 

mesh Mone]. metal screen. The sample Is washed through the 

screen with a stream of sulfur-saturated alcohol (ethanol) 

from a wash bottle, a 1/2 Inch paint brush being used to 

aid in the washing. The oversize material Is washed to one 

edge of the screen and transferred to a tared fritted glass 

Gooch filter crucible (#3 porosIty), using a stream of the 

alcohol to aid in the transfer. The excess alcohol is 

sucked off, the crucible dried at 70-800 for one hour, 

cooled, and weighed. The increase in weight Is calculated 

and reported as "per cent retained on 325-mesh". 

Wettability Test. 1. Place 100 cc. of water at room 

temperature (70F) In a 250 cc. beaker. 

2. SprInkle 3 gm. of sample evenly over the surface of 

the water. The material should start to fall through the 

water immediately, and should all be under the surface of 

the water in one minute. 

3. ImmedIately after this one minute soaking, agitate 

rapidly with a stirring rod for ten seconds. No scum what- 

ever should remain on the surface of the liquid, and there 

should be no tendency whatever of any incompletely-wetted 

material to creep up the side of the beaker. (Chipman 

Chemical Company, Bound Brook, New Jersey.) 
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APPENDIX 

Note On Trouble In Operation Of Or8atoniat 

The principal difficulty in operation of the Orsatomat 
(automatic gas analyzer) arose from the tendency of the mer- 

cury to emulsify in the presence of sulfur dust. The very 

fine particles were almost impossible to filter out (at 

least with any of the filters tried), a limiting factor be- 

ing the pressure drop which could be overcome by the use of' 

the sampling bulb. The result was that the mereury in both 

the absorption ebambers and the small seal jars would become 

practically immobile by reason of' subdivision into tiny 

drops, separated by films of sulfur dust. While the seal 

traps could be reconditioned in a relatively short time by 

washing successively with water, concentrated nitric acid, 

and then water again, and finally drying with pieces of 

paper towels, the congestion in the absorption chambers was 

a much more serious matter. Cleaning of these units (there 

are two in the instrument) took a considerable time and 

usually resulted in loss of the reagent, particularly that 

for carbon dioxide and oxygen. 

Education of the plant operators in slower sampling 

techniques was reasonably effective In reducing this diff i- 

culty. 


