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 Anhydrous Liquid Sulfur Dioxide' Lauren B. Hitchcock2 and A. K. Scribner3 U N I V E R S I T Y OF VIRGINIA, U b I V E R S I T Y , V A . , A N D VIRGINIA S M E L T I X G C O M P A N Y , WE5T
 
 ULFUR dioxide owes its present commercial importance primarily to its physical properties, rather than to its better known and still useful chemical characteristics. Thus the ability to vaporize under atmospheric pressure a t 14" F. with the absorption of 167.1 B. t. u. per pound in part explains the utility of this substance as an operating fluid in modern refrigeration. The Edeleanu process capitalizes in addition the specific gravity of 1.49 in the countercurrent extraction from petroluem of sulfur compounds and aromatics, components for which liquid sulfur dioxide exhibits a selective solvent effect.
 
 S
 
 Moisture and Corrosion
 
 In both these fields of application extreme dryness of the fluid is essential in order that corrosion may be avoided. The marked influence of small amounts of moisture on chemical reactivity is a familiar phenomenon, observed not only with sulfur dioxide but with many other common substances normally regarded as highly reactive, such as hydrogen chloride, chlorine, and hydrogen sulfide. To insure longevity of the metal systems in which sulfur dioxide circulates in both refrigeration and petroleum refining, a maximum of 25 p. p. m. of water is now demanded, corresponding to a purity of 89.9975 per cent sulfur dioxide. The successful manufacturer of this desirable commodity must be able, therefore, merely to provide economical large-scale production, while meeting uniformly a rigorous moisture specification by methods which permit a low selling cost and, preferably, do not involve the use of chemical dehydrating agents. Such dehydrating substances are notoriously corrosive, and in general the best way to guarantee absence of traces in the product, either as entrained substance or as dissolved vapor, is to use none in the process. The problem in effect is to manufacture a material a t heavy chemical prices with the analysis of a c. P. reagent. Features of Process
 
 Chemical engineering methods enable the Virginia Smelting Company, West Xorfolk, Va., to provide in quantity liquid sulfur dioxide averaging 15 p. p. m. of water. Among the several unit operations which, in their proper sequence, comprise the process developed a t this plant, there are two whose functions are particularly important. These are absorption and fractional condensation. Fluid flow, heat transfer, and distillation play their customary roles, essential in character and bearing the major portion of the gross work, yet contributing in a less spectacular way to the achievement of the desired product. The common problems of material handling, both in solid and liquid form. are encountered in the unloading and charging of sulfur and in the discharge and shipment of liquefied product. Careful control of combustion repays attention in the sulfur burners as well as in the power plant, as the acid manufacturer well knows. Gas compression from 0.1 atmosphere by stages to 10 atmospheres, with the attendant lubrication problem imposed by the restriction that there be no oil in the product, is by no means the least of the difficulties which confronted the manufacturer. And ever threatening is a corrosion problem, for until the sulfur dioxide has 1
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 reached the last cooling coil prior to packaging, it contains water, continually decreasing in amount but sufficient to cause rapid deterioration of the ordinary types of pumps, pipes, and heat interchangers. Special construction has been developed which provides a standing armistice in this most expensive sort of chemical warfare and assists in keeping down costs. Details of Manufacture
 
 Outwardly the manufacture of a reasonably pure grade of sulfur dioxide from crude sulfur appears to be a simple process. The sulfur burns easily in air to sulfur dioxide, supporting its own combustion; the gas produced is moderately soluble in the cheapest of solvents, cold water, thereby permitting separation from the insoluble nitrogen and excess oxygen which accompany the burner gases; and the sulfur dioxide itself may be promptly recovered from the liquor by steam stripping, ready to liquefy a t room temperature on the application of slight pressure. Actually the necessary equipment and its correct operation constitute a relatively elaborate process (Figure l), involving a large capital investment in comparison with the average heavy-chemical plant of like tonnage. On the other hand, engineering skill in design and close technical control have reduced labor charges to a very low figure. An extensive literature on the manufacture of sulfur dioxide gas of high concentrations, as well as the liquefied substance, reveals a multiplicity of possible methods. Some are both feasible and commercially employed; others possess neither qualification. Water-absorption methods have certain common features, essentially as represented in the original Hanisch-Schroder process. Variations appear in the mode of drying, the process cited employing drying agents such as calcium chloride or sulfuric acid. One recent proposal is to pass the moist sulfur dioxide gas through a spray of liquefied gas, removing the water in the form of ice (16). In the .Todeck process for purifying sulfur dioxide gas, aromatic hydrocarbons are used as the absorbent, and the sulfur dioxide gas is later recovered with recycling of absorbent ( I O ) . It is in effect an Edeleanu process run backward. Some methods are suggested for producing concentrated gas which are of value in dependent processes but would be unsuited to the case in hand. Thus, Richter ( 1 7 ) describes a means of concentrating burner gas to about 50-60 per cent sulfur dioxide, with attendant formation of a larger portion a t a very low concentration. Both strengths have application in a pulp mill. Schroder (18) points out the advantages of compressing the weak burner gas before absorption to a pressure such as 30 pounds gage, with return of the unabsorbed compressed gases to a driving cylinder of the compressor. A steam cylinder is provided to make up lost power, and it is claimed that utilization of waste heat from the process suffices to keep the compressor running once the system is in operation. An electric starting motor Tvould therefore replace the steam plant. Another interesting possibility is indicated in the proposal of MacDowell and hfeyers ( I C ) to generate a strong sulfur dioxide gas by a reaction analogous to one of the water-gas reactions-namely, interaction of sulfur vapor and steam in presence of ferric oxide catalyst. Hydrogen is of course a component of the resulting mixture.
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 The plant of the Virginia Smelting Company may be divided for convenience into two parts: the first dealing with the preparation of a rich liquor; the second with the vaporization and subsequent refining of the product (Figure 1).
 
 portions of the plant, thus providing a flywheel effect which smooths out operating inequalities. Either part of the line may shut down while the other continues to manufacture or consume rich liquor.
 
 Combustion and Absorption
 
 Stripping and Refining
 
 Texas sulfur is received by water and dumped directly from the boat into the plant. Measured amounts are fed into
 
 Stripping of the absorber liquor takes place in a tower of small section called the extractor and equipped with baro-
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 Figure 1-Flow
 
 the hopper of a Glens Falls rotary burner, to which primary air is admitted a t the intake dampers. If too great an excess of air is supplied, a small but important fraction of the sulfur burns to the trioxide. This sulfur trioxide would be a total loss to the process, as it not only aggravates the corrosion problem, but remains in the stripped liquors discharged to waste. Even if it could be recovered from the wash liquor, sulfur trioxide would be undesirable in the product. On the other hand, if insufficient air is permitted, melted sulfur in the burner sublimes, to be carried along in the gases until deposited as inert sulfur a t cooler points in the flues and scrubbers. Although sublimation from the burner cannot be entirely prevented even with the most careful control of primary air, introduction of secondary air after the burner followed by a spacious combustion chamber having a midwall or baffle results in practically complete burning. Minute deposits of ash and unconsumed sulfur accumulate both in the bottom of the combustion chamber and in the dust collector located just before the fan. The burner gases a t this point analyze 8 to 15 per cent sulfur dioxide, traces of sulfur trioxide and sublimed sulfur, and the remainder oxygen and nitrogen. A Sturtevant fan delivers the gases to the scrubbers, where the mixture enters the base of the first of a series of five packed towers operating countercurrently. Salt water from the nearby Atlantic enters the top of tower 5, encountering an exit gas consisting of nitrogen and 0.02-0.1 per cent sulfur dioxide, which goes into the atmosphere. Cleaning up the tail gases as it travels downward through the packing, the sea water accumulates as weak liquor in a sump underneath the tower, from which a stoneware pump delivers to the top of tower 4,and so on. The liquor increases in strength until it leaves the bottom of tower 1 in contact with the entering burner gases and saturated a t the liquid temperature and part,ial pressure of sulfur dioxide existing a t that point. Ordinarily this liquor is 1 to 2 per cent sulfur dioxide. The towers are 10 by 20 feet and specially packed. Storage tanks are interposed between the initial and refining
 
 Sheet of Virginia Smelting Com-
 
 metric leg (Figure 2). Rising to a height of 80 feet and in part supported by a braced corrosion-proof structure, this unique piece of equipment looks its importance. Its operation is simple, but owing to its relation to the rest of the process it deserves the close control which it receives. Exhaust steam, which has dropped through the turbine of a generator set from 210 pounds to about 26 inches of vacuum, is fed to the bottom of the extractor, where it condenses and gives up its latent heat to the descending cold liquor. For the turbine the extractor serves as a jet condenser providing very low back pressure; for the removal of the dissolved sulfur dioxide the same equipment provides intimate transfer of latent heat of condensation under conditions of low total pressure. Leaving the top of the extractor, therefore, is a gaseous mixture of sulfur dioxide and water vapor a t approximately 95' F. At the bottom is a mixture of stripped liquor and condensate with approximately the equilibrium content of sulfur dioxide a t 135' F. under 25.5 inches of vacuum, which means about 0.01 per cent sulfur dioxide. Actually this liquor consists of hot salt water and sulfurous acid, about as corrosive a solution as could be found. Neither the available B. t. u. nor the sulfur dioxide would justify the expense of recovery, since no satisfactory material has yet been found by the company for construction of recovery equipment. The liquor overflows to waste from the 3O-foot leg. The future product now exists as a sulfur dioxide-water vapor gas mixture a t approximately 95' F. and 26 inches of vacuum, and of high humidity. The isolation of the desired component would appear to the manufacturer of natural gasoline to be a simple matter of compression and condensation were it not for the extremely high purity required in the receiver. Moreover, the sulfur dioxide manufacturer enjoys none of the flexibility provided by such outlets as domestic gas or organic chemicals, He cannot afford to leave more than 0.1 per cent of sulfur dioxide in the condensed water or more than 0.0015 per cent of water in the best product. Compression and condensation furnish the answer, but only through the alternating use of these operations in suc-
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 cessive steps, carefully regulated to yield the highest possible efficiency. The gas mixture reaches the compressing system (Figure 3) by way of a surface condenser, which it enters at about 95" F. Under the low pressure existing a t this point, the condensate
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 to the fractional condenser is provided with a two-way valve which permits the liquid to go either back to the storage tanks or, more usually, to the reclaiming tank, a unit in the recycling system. Here the liquid is admitted to low pressure varying from atmospheric down to 26 inches of vacuum, and
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 Liquor Line
 
 pany's Process for Liquid Sulfur Dioxide
 
 contains little sulfur dioxide and is allowed to overflow through a 29-foot head to waste. The remaining gas flows to the first or low-pressure stage of compression, a motord r i x n Worthington unit, from which it is discharged t o the first intercooler. The condensate overflows through a leg about 20 feet in height to the atmosphere. The second-stage Ingersoll-Rand compressor takes the gas up to about atmospheric pressure, and the intercooler in this case drains through a simple trap. Motive power throughout the compression system is supplied by General Electric and Westinghouse equipment. A two-stage Worthington tandem compressor boosts the gage pressure successively 25 and 120 pounds, with a suitably trapped intercooler between the third and fourth stages thus provided in the compression system. One per cent of water remains in the mixture as it enters the cyclical system a t the buffer drum. The circuit in use a t West Norfolk contains the standard features of a recycling system as found in almost all processes involving the removal of a product by compression and cooling I n addition it has a fractional condensation unit, the design and operation of which constitute one of the distinctive features of the plant. The gas mixture flox-s directly into this apparatus from the buffer drum, and undergoes a physico-chemical drying treatment which cleans up the remainder of the moisture content. since the sulfur dioxide gas leaves with but 10 p. p. m. of water. Passage through the main condenser immediately following in the train Femes to liquefy the product. A series of receivers suitably valved permits charging of shipping containers through evacuated connections, or may feed directly to either of two 96,000-pound storage tanks. The large reserve of product thufi available provides flexibility of operation and insures preparation for emergency demands. The condensate from the drying unit still contains from 10 to 20 per cent of water in sulfur dioxide, however, as is evident from equilibrium relationships, and must therefore continue around the cycle. A condensate receiver connected
 
 immediately flashes. Temperature control is provided by heating coils, allowing a substantial and continuou, qeparation of the more volatile sulfur dioxide, which passes out at the top. It ordinarily contains more than the permissible amount of moisture owing to the interaction which has just occurred. A J\70rthington duplex compressor therefore re-compresses the moist gas in two stages to the operating pressure of 120 pounds obtaining in the recycling system. Between stages an intercooler condenses out a small amount of liquid which flows to the reclaiming tank. The uncondensed reclaimed gas completes the circuit by returning to the buffer drum. The liquid phase from the reclaiming tank goes to the liquor storage tanks, while the stripped brine from the extractor and the condensate from the several intercoolers in the compression system flow to the drain. Although the matter of salvaging the sulfur dioxide content has received careful attention by the engineering department, the amount and concentration in the waste liquors have thus far been kept well below the point where the cost involved could be justified. Power and process steam requirements in this plant are in general equivalent. A 400-horsepower Babcock and Kilcox boiler of the Riley lateral retort type with underfired stoker generates 210-pound steam; a Wicks 250-horsepower hand-fired boiler supplies 150-pound steam. They consume nut and slack coal, conveniently available on the main line to Hampton Roads from the West Virginia fields. The highpressure steam drops to 26 inches of vacuum in giving up its energy to a turbo-generator, which supplies the plant with a 2200-volt, 60-cycle, 3-phase alternating current. If low moisture content is the watchword of the technical staff a t this plant, high energy efficiency is the hobby of the plant engineer. The duplex compressor produces the vacuum for the entire filling system in addition to its primary duty of compressing reclaimed gas from container washing and other points. The turbo-generator is designed to supply no more than the electric power requirements of the plant but, if a t any time the delicate balance between the Q
 
 porer and steam consumption is disturbed in favor of the steam, the excess current developed automatically goes over t.he local power company's lines with which it is synchronized, and a credit accrues to the plant. Storage and Packaging
 
 Liquefied prcduot is clrarged from the rrceiwrsof themanufacturinp process t.hroue,h evacuated connections into containers of the desired size, whicli may be 5 , 10, 35, 150, or 2000 pounds in capacity. Ttie ton drums are often shipped in a special frame mounted on a flat car holding fifteen such containers, known as a multiple-unit tank car. This method entails freight charges only on the sulfur dioxide i:ont.ained, aud the empty drums and car are returned free t.o the point of
 
 fur each pound of sulfur dioxide sliipped for refrigeration purpiises. An essential feature of the packaging system is the maintenance of a card record system containing the complete history of every container. This includes not only the dates of shipment and addressees, but evidence of the product charged and condition of fhe container on test prior to shipment and after return. Two grades of sulfur dioxide are niaimfacturrd and sold under the trade name of "Esotoo." One of these is thc extra dry product, water-vhite in color, free from all oil, dirt, or other foreign substance, and averaging 1.5 p. p. in. of water. The other grade is "commercial," differing in its water content but always below 0.1 per cent. As bot,h products are made from pure sulfur and invnlve no use of chemicals, they are free from harmful impurities. Careful tests show no trace of sulfuric acid. In pIant operation the product is cheeked at the receivers every hour, as well as a t key points througliout the plant. Soncondensables in the liquid phase, as \vel1 ar dirt arid oil, are determined in addition to the all-important moisture. Testing methods for the detection of minute amounts of moisture must under the circumstances he very prrrise. So delicate is the procedure used by the compaiiy and recoinmerided to consumers tliat elaborate precautions niiist be observed in obtaining the sample to avoid condensatioii oi atmospheric moisture in and about tlie sampling apparatus. Eren with tlie most eareful technic, it hat: been found necessary to apply a correction factor liasrd on tlie actual humidity of the air a t the time of sampling and related to a "standard" humidity. Only in this may !i:1ve rqmducible results been made possible on a given container tested at widely separated point8 by different, cliemists arid iindcr varying atmospheric conditions. Corrosion in the Plant
 
 Figure 1-ExtraCtoi (?'on Cenrer)
 
 cont,ainers murt the specifications o S t, orives and are supplied with safrty dcvii ible plugs the center of \diieli melts a t 165" Oii t it: tm-c smallest. coiitiiiiiers tlie pliig is in the salve, irhi (2 s then? are also plugs iii the bottom of tlie lent, map be madc in single-uiiit class V cars Iiolding 40,000 pounds. Containers arc filled to not more tliaii 1.25 pounds of sulfur dioxide (El). m. 1.49) for each d OS water that t,hcy would hold. This precaution is ntial because of ttie liigli cnefioient of expansion of t,Iie liquid product, and were a container to lie completely filled at charging temperaturr, the hydraulic pressure possilile on exposure to outdoor sunimer temperatures might be sufficient t.o cause rupture. In the gas space resulting from tlie conventional metirod of filling exists not only sulfur dioxide vapor a t a pressure i:orrenponding to the temperature of the liquid, hut, a small percent,age of inert gases. Since the solubility of thc lat,ter in t,he liquid solfur diox.de is low, approaching 0.01 per cent, a very pure sulfur dioxide gas may be obtained from a container by venting a small initial fraction, which contains most of t.he inert gases. All containers are washed with sulfur dioxide and evacuated before charging. One-hdf pound of pure sulfur dioxide is used for washing containers
 
 Thc great dryness of liquid sulfur dioxide 1 1 s redrieed corrosion below ttie worry point, so tliat rcfrigeratioii ellginerrs think more nf fiulfur diiixide today than erer I>cfore. Yet a t the works, while tlie product is st,ill iii process, it has iieeii prcvioudy noted tliat thP water content, inay vary tliroiigli a wide range. At some points hot, dilute, sulfuro~~s brines occur; at ot,tiers one finds ~ o o laqueous , solutions containing several per cciit of sulfiir dioxide. .At best a moist siilfor dioxide gas persists iintil very near the end of the process. Under siicli conditions corrosinn becomes a serious prohlem in the ?.e of resistant, materials of eoiistmetion. Heat inter rs and pumps are tvo items of Ererent importance for which, together with piping. alloys io rrw of all types have h e n tried with wrying sui processes is it inore true that increased tedinical efficiency depends on the use of the liest structural materials. Tlie company is a t least holding its o m i against corrosion, but room for imprcivemeiit still exists. I.md and stoneware construction, where possible structurnlly, has not proved entirely satisfactory, and rubber-plated material bas been under considerat.ionfor certain parts. Corrosion is also a big problem to the user of sulfur dioxide, for the textile customer's treat exchangers and pumps must handle aqueous solutions in the local preparatioii unit. Principles Involved
 
 Ttie fundanierital principles involved in the unit operations of absorption, desorption, and fractional condensation liave only lately been recognized largely as a consequence of t.he contemporary development of the two-film theory (12, 15).
 
 Although this concept is doubtless familiar to many indiyiduais concerned with the design and operation of absorption and related equipment, it,s application to the manu-
 
 facture of liquid sulfur dioxide involres considerations of general interept. A mechanism is postulated by this theory which is involved ns a controlling factor in all processes involving the interaction of gas and liquid, such as the three unit operations mentioned above. In sobstanco, the transfer of material from one phase to tlie other requires diffusion t.hrough two stationary surfa.ce films existing at the phase boundaries. These films, though of small but definite thickness, are in fact two resistances in series: and for material transfer to take place a “potential” gradimt must exist across each film. One-way diffusion ia involved in the transfer of a solute to the liqnid phase in ai1 absorption tower, while in a desorption or stripping apparatus, as in the case of steam stripping, twoway diffnsioii of material also occurs, as it does in fractional condensittion in general. Obviously the potcntial differenec which exists in gasliquid interaction involving material transfer is due to a difference in concentration in the two phases greater than that corresponding to equilibrium. Actually defined in tenus of fugacity or relative partial molal free energy, the refinements of engineering design in this field are not yet such as to justify the use of these more exact thermodynamic quantities in calculations, and concentrations are t.herefore conimorilg expressed in terms of partial pressures or weight ratios. Equally important witti tlie potential difference is the nee in interphase material transfer. 130th the gas and liqniii films offer iudividilal resistances wiiich vary from CBSP t,o case. Upon just what factors tlrese resistances depend has not yet been fully established, though the cliiiracter and magnitude of those factors influencing the gas film were recently defined (.7), Until the completion of cnrrtmt investigations in progess at several laboratories, dcsigir arid qieratioil of related equipment must continue to involve a conrbi~iationof emnirical relationshin and ideal behavior of gas and solution. Iii inany such methods vi11 yield sururisinelv . 9vst.ems . . . accnrate predictions of performance. These are usually gastems where the gas is “very” soluble or “slightly” solnlile, and correspondingly either tlre liquid-film resistance or the gas-film resistance may be neglected. Successful calculatioris also require &her that Henry’s law be obeyed over the concentration and temperature range involved, or that accurate solubility data be available. Occasionally a system is found to be not wholly amenable to any of these simplifying assumptions. I n such cases design and operation have thus far been worked out by trial and error, with tlie foregoing principles as a guide to a first approximation. Sulfur dioxide and water happen to be the system selected in the existing literature as the typical example of “intermediate” solubility with deviations from Henry’s law as an additional complicating factor. Furthermore, when sea water is used as the absorbing liquid, solubility relationships found for pure water not only are substantially modified, but may indicate either an increased or decreased solubility of the gas. It is not surprising, therefore, that the process a t West Korfolk is an empirical though highly efficient development. The precise temperatures and concentrations which exist in this plant in absorbing tower, stripping unit, or fractional condenser have consequently little or no fundamental significance. Severtheless, the process itself suggests certain conclusions of a more general nature. Clamed as a gas of moderate or intermediate solubility, it is at first surprising to discover that the saturated aqueous solution in eqiiilihrium with a partial pressure of sulfur dioxide gas of 76 mm. contains scarcely 1.3 per cent of the substance at 20” C. I n spite of the resulting large liquid-gas ratio, it is not found profitable in this plant to recycle the stripped liquor, owing to its low concentration, high tempera
 
 ture, alld corrosive cbaracter. T i i e latest publislied data (1.9) indicitte that the equilibriiini concentration of sulfur dioxide in pure water under an 8 to 15 per cent gas mixture a t I atmosphere corresponds very closely to the limits of 1 to 2 per cent solute by weight found in sea wat.er over a normal temperature rairge. Hudson (8) found that aqueous solutions of potassium clrloride at, a concerrt,ration of 2.5 grams per 100 grains of solution (the average concentration of sodium chloride in Rea water) absorbed 10 per cent more sulfur dioxide by weight than pure water. Equal conccntrations of sodium sulfate in water increased tlie capacity for the same gas about 0 . i 5 per cent, although further additiims of tlie salt deereased the solilhility of sulfur dioxide. Since sea water contains approximately 3.5 per cent of dissolved salts, in which clilorides predominate, its absorbing capacity for sulfur dioxide would probably be somewhat greater than that of pure water. Henry’s Law Beviation frotn Henry’s law for the system sulfllr dioxidewater complicates the application of the two-film theory to tower design. A curve of partial pressure against liquid concentration abscissa is concave upward, and it is therefore impossible to espress satisfactorily tlie over-all resistance in terms of either partial pressures or concentrations alone. As pointcd out by Walker, Lewis, and Mc4dams ( E!), graphical integration of a func:thiii using itct,rral equilibrium data leads to it good appr~isiruationof aetive tower space required for a given absorption, but since both liquid and gas film offer appreciable resistance ( 7 ) a factor of safety is necessary. Uiider riormal operating conditions it appears that tlre liquid film represents more than 50 per cent of the over-ail resistance.
 
 Flgure 3-Compreasor Room
 
 As shown by Hanks and McAdams @), the gas-film resistance is a function of gas and liquor velocities, the modulus (DVjZ)“, and the diffusion coefficient, which for a given system may vary simply through temperature changes. Analysis of the stripping and fractional condensation operations therefore resolves itself into consideration of material transfer through series resistances as influenced by these several variables. Historical
 
 This plant furnishes an example of the value of researcli in industrial technology, for ita principal product tinlay was an annoying waste gas in 1914, when the Virginia Smelting Company installed a process for the recovery of the sulfur dioxide from smelter gases. It was in 1899 that W. E. C.
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 Advantages claimed by bleacheries using sulfur dioxide as an antichlor are elimination of tendering, minimizing inert salts to be weshed out, production of softer finished goods, and ease of handling. Centralization of special manufacturing facilities, with incident economies and better technical control, is nowhere better exemplified than in the distribution and use of liquid sulfur dioxide in the textile industry. Chief among miscellaneous uses is the application of sulfur dioxide in the tanning industry. Bisulfite pulp mills in the United States and Canada consume approximately 750 tons of sulfur per day, or the equivalent of 1500 tons of liquid sulfur dioxide (6). Although sulfur burners are still employed in general by pulp mills, attention has been called by paper technologists to the obvious advantages (6) accruing from use of the liquefied product manufactured outside the mill. A stronger acid may be made by introducing the gas, undiluted with air, into the acid and recovery systems of a bisulfite system. Almost unlimited flexibility is possible in regulation of free acid combined with the cooking acid. More relief liquor from the digester is returnable to the recovery, since greater dilution can be provided with a corresponding reduction in sulfur consump tion per ton of pulp. Stronger cooking acid is believed by the majority of experk to yield a greater penetration, shorter time of cook, and reduction in cost of bleach. The deleterious effects of free sulfur, sulfur trioxide, and selenium are well known; these impurities are absent in liquified sulfur dioxide Present and Future Uses today. Finally, authorities point to the increased capacity Refrigeration constitutes a grooming and important form of the acid plant in the bisulfite mill without increased capital of consumption of liquid sulfur dioxide, for which the high outlay. Commercially a technical curiosity for motor fuel until standards of purity have been developed as described in this paper. Kelvinator, General Electric, and Westinghouse are recently, the Edeleanu process is now an accepted and effective roethod of refining certain crudes (8). Here the property three types using this fluid. Textiles account for an imposing fraction of the coiimiercial of liquid sulfur dioxide that is capitalhed is its selective grade, since traces of water have no influence on the subse- solubility for certain undesirable constituents, chiefly unquent use of the product in the textile industry. The prepara- stable and unsaturated hydrocarbons and most sulfur cointion of hydrosulfite solutions at the point of consumption from pounds. That i t also dissolves desirable aromatics proves no pure liquid suliur dioxide has proved particularly advanta~eous handicap, since this fraction may he recovered later and used to the textile enterpriser using indigo and vat colors, both as mast expedient. The sulfur dioxide is easily recovered from the standpoint of economy and from the simplicity of the and recycled with very small losses. The petroluem extract, apparatus involved in the production of these solutions (3). undesirable from one standpoint, may be profitably used for
 
 Eustis, of Boston, Mass., pioneer in the nickel industry (%?) from which the International Nickel Company finally evolved in 1902, personally constructed the first metallurgical plant a t West Korfolk. The early work consisted in s m e l h g in a cupola furnace a mixture of Virginia (Virgilina mine) copper ore and pyrites cinder which came by barge from a Boston acid works. The pyrites ore originated at the Eustis copper mine in Quebec, the exploitation of whi,ch had led to the formation of the Orford Copper and Nickel Company in 1878. To the present generation of engineers, who are accustomed to mine-mouth by-product plants and complete refineries located over oil pools, it seems difficult to believe that in days of poorer transportation facillties a profit could have been yielded ar; i t was in the above process, especialfy when the copper matte was shipped to New York Bay for further refining and the coke for smelting came from West'Virginia. I n fact, for n number of years Cuban copper ore was used a t the West Norfolk plant. 13ut~any detailed account of the metallurgical interests of the company must be reserved for another occasion. Such interests, though temporarily dormant so far as copper smelting goes, are far from idle, as evidenced by the growing Metah Reclaiming Division located in Norfolk. To those familiar with the economic situation surrounding the copper industry i t would be no surprise to see the West Norfolk copper smelter placed in operation a t any time.
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 fuel or solvents; the aromatics are an excellent antiknock component in motor fuel. So economical is the Edeleanu process, once installed, however, that replacement of the operating fluid constitutes but a limited outlet for the product under discussion. Preservation of vegetable foods by artificial atmospheres .is one of the most significant of current developments, upon which continuing researches of world-wide scope (1, 9; 15, 21) are making great strides. Thus carbon dioxide appears to preserve by reduction of oxygen content in the atmosphere. Sulfur dioxide, however, has a specific and powerful effect in the inhibition of bacterial growth. Studies with fresh grapes (9), for example, showed that 1.8 to 3.0 p. p. m. effectively repress the development of decay organisms, especially molds, and greatly lengthen the keeping period. Sulfur dioxide is an effective disinfectant for film-forming fungi (11). The California fruit industry is a rapidly developing market. Owing to the high chemical activity of sulfur dioxide gas, however, a principle involved in its use as a preservative is recognized by a recent investigator, who points out that the lack of uniformity in treating fruits with sulfur dioxide is deplorable (20). This proclivity for oversulfuring has been appreciated for a long time, and the inherent difficulties in uniformly treating a carload of grapes, let us say, with a relatively powerful gaseous reagent are apparent. The problem is successfully solved in a special apparatus invented by Eustis ( d ) , by which liquid sulfur dioxide is volatilized from a heating unit and thoroughly commingled with the air in the box car by means of an ingenious series of concentric conical nozzles with side apertures which utilize both the positive high pressure of the escaping gas and the suction produced by a circular path to draw in air. Air is supplied to the mixing chamber from a remote point in the car, and recycling contributes to the very effective results achieved with this device. Research work is conducted a t the plant laboratory at West Norfolk to find solutions to recognized industrial prob-
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 lems in terms of sulfur dioxide, as well as* to improve established applications already indicated. Of the projects under current investigation, one deals with the use of liquid sulfur dioxide as a solvent for organic compounds. Another is the substitution of sulfur dioxide for other sulfur compounds in the textile industry, replacing sulfur burners, the use of bisulfites, and mineral acids, Pioneering work is going forward in the bleaching of Louisiana white sugar and high-grade molasses, and the replacement of sulfur burning with its attendant disadvantages. Unusual economies are possible in the reduction by hydrosulfite solutions or sulfur dioxide of organic compounds such as dyestuffs, dichromates, and tannin, and one finds that applications of sulfur dioxide in the textile industry is perhaps the foremost continuing research problem in this laboratory. Literature Cited Arthur and Benjamin, Agr. Caz. N . S. W., 38, 873 (1927). Brandt, IND. ENG. CHEM..22, 218 (1930). Eldridge, Proc. A m . Assocn. Texlile Chem. Colorists, 1927, 172. Eustis, U. S. Patent 1,668,496 (May 1, 1928). Hanks and McAdams, IXD. ENG. CHBM.,al, 1034 (1929). Hasche, Paper Trade J . , 90, 49 (1930). Haslam, Ryan, and Weber, IND. ENG. CKEM.,15, 1105 (1923). Hudson, J . Ckem. Soc., 127, 1332 (1925). Jacob, Calif. Agr. Expt. Sta., Bull. 471, 1 (1929). Jodeck, U. S. Patent 1,649,701 (Nov. 15, 1927). Joslyn and Cruess, E x p l . S f a . Record, 62, 504 (1929). Lewis and Chang, Trans. A m . Insl. Chem. Eng., 21, 127 (1928). Lewis and McAdams, IND. ENG. CHBM.,20, 253 (1928). MacDowell and Meyers, U. S. Patent 1,693,244 (Nov. 27, 1928). Morgan and Field, J . B i d . Chcm., 82, 579 (1929). Pictet and Tharaldsen, Norwegian Patent 43,929 (April 29, 1927). Richter, U. S. Patent 1,724,421 (Aug. 13, 1929). Schrtider, U. S. Patent 1,761,103 (March 18, 1930). Sherwood, IND. ENG. CHBM.,17, 745 (1925). Thomas, J . Council Sci. Ind. Research, 2, 128 (1929). Thornton, IND. ENG. CHRM.,22, 1186 (1930). Wadhams, Ibid., 22, 806 (1930). Walker, Lewis, and McAdams, “Principles of Chemical Engineering,” p. 681, McGraw-Hill, 1928.
 
 Effect of Scrapers on Heating, Cooling, and Mixing‘ F. E. Huggins, Jr. SOWERSMANVFACTURINQ Co., BUFFALO, N. Y.
 
 P
 
 ERHAPS the first use of agitators for scraping the surface of a container was in connection with the freezing of ice cream. I n the hand-operated ice-cream freezers the newly frozen cream is scraped from the cold wall of the container so that the still liquid cream can come into contact with the cold surface. If the surface were not scraped clean, a layer of the already frozen cream would adhere to act as an insulator and prevent or retard further freezing. The semi-scraping agitator of the ice-cream freezer is satisfactory for its small-scale use although, if cranking is stopped and later started again, the hinged scraping blades ride over the frozen layer instead of removing it. Consequently, such a design does not give the positive scraping action necessary for best results when applied to industrial heating, cooling, or mixing equipment. For industrial use it was evident that it would be necessary to substitute for the large scraping blade or blades a number of smaller ones; only in this way could curved surfaces as well as straight surfaces be scraped. It was also 1
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 necessary to use a staggered arrangement of these blades so that their paths would overlap and thus act upon the entire surface opposite the sweep carrying the scrapers. The present design providing this overlapping arrangement with screws for adjusting the tension of each small individual scraping blade is shown in Figure 1. When scrapers are not used, owing to inertia of any material and its natural adhesion to surfaces with which it comes in contact, there is always a layer of material sticking to the kettle surface, even though the agitator stirring the mass may approach quite closely to this surface. With very thin liquids such as water, this film or layer may be removed by currents set up in the material by violent agitation, but with only slightly thicker !iquids i t can be removed only by actual scraping. With viscous or pasty materials this layer on the kettle surface can easily be seen, but i t is not so easy to see in the case of thinner liquids. Its presence has been proved, however, by its retarding action on the rate of heat transfer. Few persons would attempt to heat materials through a layer of asbestos; yet a layer of the material being heated in
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