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THE VAPOR DEYING PROCESS
By MONIE 5. HUi)SON} Ressarch Chepist,
Taylor-Colquitt Co,, Spartenburg, 8. C,

The recently developed Vapor Drying Process for artificially scasoning
crosstics and poles prior to pressure impregnation  with preseryatives,
which has attracted considerable attention in trade Journals (1), (2) in
recent tmonths lhas now been in operation for over & year on onc of
the full sized creosoting cylinders of the Taylor-Colquitt Company at
their Spartanburg, South Carolina, plant. Design work on equipment for
the conversion of additional wuits has been completed and it is expectod
that six of these wil be installed during the ensuing year, A numbear
of improvements developed in the operation of the esisting unit, that
have resulted in considerable simplification of the equipment, will be
incarpotated in these new drying units:

Drying by means of this Process is accomplished by exposure of wood
io closed vessels to the action of vapors from boiling organic lignids at
atmospheric or sub-atmospheric pressures, The vapor generated by boil
ing suitable otganic compounds in ap evaporator of conventional design
is introduced to the vessel containing the wood in sufficient fuantity o
maintain a high concentration of the chemical hy the atmosphere of the
diying vessel. Any appreciable dilution of this atmosphere by steam
formed by vaporization of water from the wood Is prevented by contin-
uous displacement of the mixture of steam .and .organic vapor fram the
drying vessel by the inflowing dry organic vapor. from the evaparator,

The mixture of steam and organic vapor discharging from the deying
vesgel is condensed and the liguids Sepatated by gravity in a tank suit-
ably designed, the wateer discharging, and the watet-free drying agent
being returned to the evaporator where it is revaporized to begin another
circuit through the system, .

For putposes of wood preservation the drying agenta gencrally used
ate coal tar or petroleum {ractions having narrow hoiling ranges with

initizl boiling points in the range of 212°F to 400°F,
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Several factors involved in the operation of the Process make it pos-
sible fo utilize this high temperature range without detrimental effect
to the wood, vix, (1) The chemicals used are inert wilh reapeet tooany

* injurious reagtion with the wood;  (2) Oxygen is excluded feom the

system by displacing it with the arganic vapor preventing oxidation;
{3} Elgvation of the wood temperature much beyond that of the boil-
ing point of water while water is still present in it, is prevented since
the comtained water is free to vaporize at approximately its atmospher-
ic boiling point; and steam evolved from the wood, which is super-
heated by contact with the surrounding highly heated vapor, is kept at
8 very low concentration so that hydrolysis s negligible;  (4) The
duration of exposure required to effect drying, is relatively short. and
since time is a more Important f{yctor than is temperature in praducing
thermal changes in the temperature range which actually obtains in the
wood under the conditions of opevation, injury from thermal action is
inappreciable.

-3 h

Dutring the more thap six years spent in perfecting Vapor Drying

considerable time was devoted (o fundamental studies of such charac- -

teristics as drying rates, cffect of temperature on the rate of drying, in-
ternal temiperatures of the wood obtained With drying agents having
different boiling poitits, uniformity of distribution of vapor in the drying
vessel; ett. Certain general relationships have been found in these in.
vestigations that illustrate the mechanism of drying and these are [ire-
sented below in the form of. abstracte from some of the unpublished
technical reports on this phase of work. By limiting the discussion to
one species and size of timber that the number of variables to be con-
sidered is kept at a minimum. Since Red Ouk crossties are one of the
most important items handled in the preseut eomumercial operation, this
part of the discussion will be coufined to that species and to the ¥ x ¢~
dimension tie which comprises the majority used in main line track

Table 1 contains data obtained in Vapor Drying Red Oak crogsties
of ‘this size with three petroleum drying agents having boiling points
ranging from 250°F to 325°F. The data for each of the drying agents
used represents the average obtained in drying four charges. It will
be noted in this table that the vapor temperature in the drying vessel
was in each case higher than the initial hoiling point of the fractions
found by distillation of the material by AW.PA. Method 11g. This
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TARLE 1

Yaper Drying of 7 x 9" Red Oak Crosstiss with Potrolewm Fragtions

S

. " Drying 'Agent ) V-250 PN.3485 GS-320

o Distilling Range of Dry- .

i - ing Agent (AWPA Meth-  230°F to 283°F  260°F to 338°F  320°F to 375°F
} od} (Standard 11g) : :

Cylinder Temperattura :
“during drying 251°F T210°F 325°F

Moisture Content of Ties % of Oven Dry Weigh:

. Faitial . ... ..., treren 750 750 75.0
v . Drying Finte ’ .
ours . Heating in Yapor
SO 733 73.1 69.3
7 iieeas Cerrereees ne 70.5 63.6
N - T 68.8 6.0 59.2
4 e, . 6r.2 65.6 - 55.3
L SN Yeaareran. 65.3 63.4 . 519
. 6 cviveenn ariranens 616 61.1 48.9
Serens 619 58.8 ' 268
N crnrers 60.1 568 . 41.5
T 58.6 sy . 40.9
(I cervere 57.1 §29 . .. LI
| SN 35.7 . §t2 - o
12 cviiaennn. . 544 49.5 - 1.%)
: . Vacuum ofler Vapor '
Wi, . 0.5 428 - a2

Mo 403 412 2948

difference results from the fact that in the A.W.P.A. distillation appara-
tus considerably more fractionation. {s produced than in the Vapor Dry-
“ing equipment. Because of the absence of any appreciable tendency on
the part of the equipment toward fractionation of the deying agent the
temperature maintained in the drying vessel more nearly approaches that
- of the average boiling point of the drving agent, so that fractions which
show rather wide distilling ranges as determined by lahoratory tests
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can be used in the operation of the Process without showing appreciable
increases in temperature from charge to charge, From the cost stand.
point this fealure is of importance breayse (e price of [ractions having
very narrow boiling vanges is usually cousiderably more than that of
wider cuts.

The initial moisture content values shown in this table were deter.
mined by oven drying one-inch thick cross-sections ohtained by cutting
green 8-1/2 foot ties at a point 2-1/2 feet from the end, The six
foot sections remaining were (sed in the Vapor Drying test, "The actyal
moisture conteht values found were adjusted percentagewise to 2 uniform
value of 75% since the averages. were near this point, Moisture content
valyes for hourly intcrvals during the drying operation were obtained by

— weighing the water delivered to the water-drying agent separator, from

- the drying vessel at these intervals, and subtracting this walght expressed

as pércent of the oven dry weight of the wood from the molsture content

extant at the end of the preceding interval. ‘The drying procedute em-

' ployed in the Vapor Process usually is carried out in the two steps indi- |

cated by division of the moisture content data into “Heating in Vapor” i

and “Vacuum after Vapor”, -During the period of heating in vapor the ) |

, = ' - charge is receiving most of the lieat for vaporization of the water, from [

; ‘ the latent heat of vapoerization of the condensing drying agent. While ;
* this is taking place a congiderable portion of the condensed drying

agent is absorbed by the wood, The putpose of the vacuum after heating |

i vapor is to re-vaporize the condensed drying agent from the wood so 1
that it may be recovered at the separator. A vacuum of two hours dura-
tion at 20 to 25 inches of mercury vemoves practically all of the drying

agent from the crossties. It will be ngted alse that the vacuum removed J
a substantial amount of waler, ranging from about 15% of the total in

the case of the charges dried at 352°F to about 339 for those dried at j

251°F, . :

When these moisture content valyes of the “Heating in Vapor” step
are plotted on semi-logarithmic coordinates, as in Figure 1, the data
show a linear relation between the logacithm of moisture’ content and
; drying time after the system has reached stable operating conditions at
- the end of the first hour. Thig relationship has been found to obtain
i in tests on Hmbets of various species and dimensions, and is simply
! ©©  the mathematical statement of the faw of tnass action, Tn first order
. teaction equations of this type, slope constants being the ‘specific drying
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rates they are independent of the amounts present and hence the rate
of drying wood of a given species and dimensions is independent of the
mnisture content. In other words, the time required to completely dry
a timber of relatively Jow moisture content would be ithe same as (hat
required to dry the piece if it were vety wet, since the moisture loss is
proportional to the amount of water present. This relationship holds in
most drying procedures and hence it iy be concluded that the setual
mechanism invelved in Vapor Drying is the same as that of other pro.
cesses although the rate of drying is much faster.

The effect of temperature on the rate of drying with the three petro-
leum fractions is shown in Figure 2. In this figure the time required
to reduce the moisture content of the ties from 75 to 40%, as caleu-
lated by means of the drying rate equatirns shown in Figure 1 arc
plotted against temperatures of the vapar in the drving vessel, ‘This
curve indicates that the relationship of temperature 1o drying time is not
a simple linear function but that as the temperature increases from
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212°F the drying rates increase tremendously but tend to level off

sharply above 320°T,

Figure 3 contains data showing the internal temperatures atfained in
7" x 97 Red Oak crossties at houtly intervals during heating in vapor
which was maintained at a temperature of 350°F.—355°F afier reach-
ing stable operating conditions. The temperaiures were obtained by
means of thermocouples sitnated in. the wood at the various depths showa.

The thermocouples were sealed into the fies in suck a way (hat no Jower- .

ing of the temperature by leakage of steam around them could oceur.

. This set of curves shows quite clearly that the tempetature of the wood

remajns well below the vapor temperature as long as water is present
because of the cooling effect produced by the virtually free vaporization

of water,

The heavy beoken }ine above the Vapor Drying temperature curves re-
presents data reported by Maclean (3) for interna) temeraturss in 7" X 97
timbers after heating in saturated steam at 260°F for ten howrs. Here

dooT
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it will be scen that jn ten hours the temperature of the entire cross-
section has risen to within a few degrees of that of surrounding almos-
phete of stemn. This difference between the: intornal lemipetatures during
Vapor Drying and steaming accounts for the suhstantix dilference in
stength of Vapor Diried and steamed timbers, Sinee the temperalure
of the wood unclergoing Vapor Drying remains ncar that of the boiling
point of water untjl practically all of the water has hren removed the
amount of hydrolysis produced is so slight that there is very lictle sirength
reduction from this cause. Most of the Vapor Drying agenis are immis.
cible with water so that the beiling point of the mivture is helow that
of the boiling point of water, and therefore much of the waler loys occurs
at a temperatutre below 212°T,

NG T
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Oue of the prollems of major tmportance studied in commercial opera-
tion of the Process has been that of degree of uniformity of disteibution
of the vapor throughout the tram leads of timber being dricd. Sueh
studies were made in the semi-commercial Tilat Plant but since each
tram in this unit could accommodate only seven ties the results obtained
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were not considered to be indicative of what would oceur in drying trams
containing sixty lo seventy tics, When the commercial unit was installed

provision was made for entry of vapor to the eviingder at three points

equally spuced along its length. Four ports of discharge were placed at
the half-way points hetween the intervals sol by the inlet points. Deler-
minations of imiformity of temperature in the drying vessel and of dis-
tribution of moisture in tes situated at various points in the charge
have revealed that even with a drying vessel eight feet in diameter and

(115 feet long a single port of entry at the midpoint and two ports of

discharge noear the ends, the vapor disteibution is highly uniform. Further
¢vidence of the uniformity of distribution of vagor in the drying vessels
has been found by romparison of the specific drying rate constan{s oh-
taived in small experimental units containing a single tie, with those
obtained for dvying in 2 commercial unit holding 800 ties. Using the
same drying agent and ties of the same dimensions in the two drying
units the drying rates have been found to be identical,

Unlike processes employing fixed gases which require fans or other
mechanical means {0 provide adequate circulation and distribution the
basic physical factors involved in the Vapor Drying Process tend in-
herently to establish this. As an example assume that a saturated op-
ganic drying agent is introduced Lo the vessel al ils boiling point of
300°F; the vapor wil] tond to flow toward any accessible portion of the
vessel - which i3 at g temperature lower than 300°F ynder a presstire
head amounting fo the difference between. the vapor prossure of flhe
drying agent at 300°F (760 mm of metcury since the system Is open
to the atmosphere) and jts Vapor pressure at the lower temperature, If

"the vapor pressure of the drying ageut is, sav, 200 mm of mercury at

200°F then the pressure head tending to transport the vapor to any
poiat that jg at Z00°F, is 560 mm, However, in drying flat sutfaced
timbers such as sawn crossties or lumber it js necessary that separation strips
be employed so that these surfaces ¢an be reached by the vapor, but
the strips used need not be mare than about 1/2 inch thick.

Because of the vatiations in carvent practice employed in preparing

timber for preservation it would be impossible to make a generalized - -

compatison of the cconomics of the Vapor Dirying Process as compared
with other processes that would hold true for various species and types
of timber being treated. However g compatison based on the two main
products that are bring seasoncd by means of the Vapor Process viz.;

10
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-TABLYE 2

Tabulation of Concparative Cost Tewe Jor Creesotedd Quk Cro tips
Manufactured by the Vaper Drying and Air Seasaning Methads

Air Srowengd

Vapor Dried
1, Cost of Grean Tles ........ frrrettereaiiniea. X x

2. Cost of anticheeldng frons :
and sppiying thew ...... T v ¥one used

3. Unloading and’ stacking on

T oseasoning  ward Y Nune

4. Interest on investment in
tios while seasoning

12 to 16 monlhs R U = None

5. Insurance on ties in slotage ...__.. Crreeerees, % Neane

5. Cullage caused by development Far less than m alp
of scasening defects T seaspred stock

7. Londing for treatment ......_ ... .. N z

& Adsing and boing e tataecuaiieryaenaea,, X L4

% Cylindee time consemed
in Vapor Drying et bain e verees None 12 houms

16. Steam consumption Tt tartieaaiciiiaesa, ., . Nooe About 30 pounds of
L Steam ueedl per oobic
fout of wood clried
frem 7572 to 406,
moisture content

’ LIl Deying Agent Used h e craviaaseaaacrenaca., None 0.25 1o 0.56 pounds per
cuhic faot of won

12, Cylinder time consumed .
in impregnatinn Srerestcericiiirciiiaee.. 8 botrs 4 hours

13. Creosote required tg Less creosole required
obtain complete to ohlain complete pon-
peiictration R R R | eleation tian in air

stasongd Los

-t e

';-_—Symbul repeated in Vapor Dried Column ndinates cost is warme as for nir-seasoned,
Oak crosstics and Pine poles, with the currently used procedures of air-
seasoning and steaming will serve to indicate the economic fagtors in-
volved. Table 2 contains a qualitative comparizon of these factors in

11 ’
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terms of {he various operations that determine the manwlacturing egst
of Qal crossties as produced by the Vapar Ihying ang air-seasoning
procedures.

The differance in impregnation time and ereosote retention [ietwepn
the Vapor Dried and ajp stasoned tes, shown in Ttems 12 and 13 of
this table are 4 result of the difforeace in temperature of the ties at the
tima of Impregnation, “The air seasoned {jcs are at atmospheric tem.
Perature when placed in the cylinder ang although the evlinder s fi1-
led with Preservative at zopogr the preservativg terperatyre decreases
85 it s jnjected into the relatively cag) timber which stows down jts
rate of inward movement because of increased viscosity. Injection of
the preservative inlo the Vapor Dried fies js nol retavcled in this man-
ner since the intermal temperature is as high or highet than thae of the
Preservative, ‘The highep fluidity of the preservative in the Vapor Dried
ties makes jt possible to obtain tie required ponetration in a shorter
time than in the ajp seasoned ties, and als, allows tmore of the cxcess

=y

bresetvalive to pe expelled from the former when, equal amounts are Injected.

" Whereas a preservative injection of about ten pounds per cyhjc font intg

When all of thege factors are considered in arciving at aetuat costs -

it*will he fagng that .the Vapor Dried ties will gost slightly more than
the gir sgasoned, but the improvement n conditign as to checking ang
splitting in the Vapor Dried ties should more than offset this, More-
over, the Vapor Drled ties installed in test tracl have shown virtnally
none of the progressive development of cheeks and splits that oeeurg in
air seasoned tiag, which indivates thar their service life will be preater,

"In seasoning other hardivood species such as Gum in which decay js g

. serious hagare during ihe afe S€asoning period, patrticularly in. the South,

the Vapgr Drying Procass POSsesses even greater advantages,

In Table 3 the cost jtems for Vapor Drying are Compared with thagze
for the widely ysed steaming process for the conditioning * of pine poles
Prior t0 preservative treatment, Important advantages of the uge of the
Vaper Drying Process on prles are lower shipping weight because of
the greater water removal, and tha considerably greater strength of the
Vaor Dried poles (2), since they are not subjected to the hydrolic effeats
of steaming,
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TABLE 3

Tabulation of Comparntive Cost Frams Jar Creasoted Pine Poles
Mannfactured by the Vapsy Lrying dnd Steaming Processes

Steamed Vapor vied
1. Cost of Grean Polpy R < x
2 Muchine Peellog .uvvvenivnn. .. x x
B Framing D T x
4., Loading for (reatment Craheneees X x
5 Cylinder time steaming -
or vaper drying ..,.....,..... e X x

6. Steam comsumplian

--------------

About 12 pounds
of stem per cubie
foot of wood dricd
from 90% to 75¢%
moisture conient

About 30 pounds of
steam wyed per cubic
foot of wand deed
from 0% 1o 35%,
moisture content

7. Drying Agent Used _._.... temeas none 0.25 to 0.50 pounds
) pet cubie foot of
wood
v 8. Cylinder time consumed
o impregmation ....._,......... x x

%< Bymbol repeated in Vapor Difed calumn indicates “cost is same as for stenming,

Commercial use of the Vapor Drying Dracess hos thus far becn limited
to the drying of waod Dreparatory to preservative treatment, The fin-
al moisture content, required to obtain proper presgrvative treatment

! usually ranges from 25% to 40% and since treated products such as
crosstics and poles are exposed to the weather in service there would be
no particular advantage gained in deying them to 2 Yower moisture conlent,

At the present time a comprehensive experimental program i5 being
carried out to determine the applicability of the Process, for drying
lamber to the moisture content range of 6% to 12%, from both the
standpoint of operational technique and equipment requiredt. "The results
so fat cbtained in this work have showy that easily penctrated woods
such a5 Southern Pine and the sapwood of a number of hardwnods such
as Maple, Gum, Birch, etc, of one inch thickness can be successfully |
dried in 5 to 7 hours using the same nop-polar drylng agents that are
used for drying timber in preparation for presevvative treatment, The

13
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heartwoorl of refractory species such as Red Gum and White Gak have
been found to develop collapse when dried to Iow moisture content in

. sueh short periods with these drying agents, The use of polar -deying

agents that tend to keep the wood swollen during the period of heating
in vapor shows promise as a means ‘of overcoming this difficully, and
this miodification of the Process is now undergoing further test,

The - equipment needed for drying ‘of lumber is essentially the same

- as that used in the present cornmercial installation for preparing timber

for preservative impregnation except that the drying vessel may be con-
structed of lighter material than is required to withstand the high pres-
sures used in impregnation, The factor controlling wall thickness in ‘the
design "of plants for drying lumber is.the vacuum employed after heating
in vapor which s used ta vecover the condensed drying agent from the
waod, This vactum g equivalent to about 12 pounds per squate inch
externally applied pressure ‘and since the conatruction reqitited to prevent
collapse under externally applied pressure is heavier thin that recuired
to preveni rupture from an equal interval pressure, vessels designed to

operate . under this vacuum would have wall thicknesses adequate for '

operating at about 75 pounds per square inch internal pressure. The
wall- thickness requived to resist cxternally applied pressures is far jess
for vessels of cylindrical shape than rectangular, consequently the drying
vessel can be constructed inore economically in the formy of a cylinder,
The question zs to the adaptation of the Pracess to conventional equip-
ment such as kilns has been thoroughly considered and although it would
be possible to install linings in these that would prevent the escape of
the organie vapor during the heating cycle it would not be economically
feasible to reinforce such structures to withstand the vacuum sfep. Be-
cause of the high rate of throughput of lumber that is possible with the
short time cycles of the Vapor Drying Process the size of the ecuipment
requited for a given production capatity is much less than woul be re-
quired when using kiln drying methods, and while the type of construe-

tior is more expensive, the actual cost of the drying unit would be

about the same. ,
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