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t h e m  pine (Pinus spp.) veneer peeler cores were 
with two new water-dispersible preservative 1 

esults indicated that either system could be 

Currently, most treated wood used in the United 
tes is treated with one of three broad-spectrum pre- 

'senicals. Compounds under active consideration as wood 
ative biocides include alkylammonium com- 
sulfonamides, tetrachloroisophalonitrile, sali- 

de derivatives, benzothiozoles, isothiazolinones, 
4t.a of the naphthenic acids, and 3-iodo-2-propynyl 
butyl carbamate. Detailed reviews of these compounds 
&nd their potential as wood preservatives can be found 

I Environmental concerns, concurrent with the high 
&it and short supply of petroleum, have led to increased 
*arch and development of new preservative systems 

water as the carrier system. Improvements in  dis- 
solution technology have led to aqueous sys- 
early 198Os, the Mississippi Forest Products 
initiated a series of studies to examine the 

u ~ e  of emulsified systems to treat various commodities. 
Emulsion systems can reduce the usage of petroleum by 
up to 85 percent (9,10,12). Treatability trials with emul- 
Bifiable penta and zinc naphthenate systems have 
proven successful for pole stock (3), hardwood peeler 
WIW (5), and log-home logs (6). While not approved for 
groundcontact usage, these two systems are examples 
of the use of emulsion technology to  disperse organ- 
idorganometallic biocides in aqueous carrier systems 
rather than in oil. The recent success in Australia with 
Pigmented emulsifiable creosote systems is indicative 

+- in the literature (4,7,13-15). 

-P 

of the flexibility emulsion systems offer in  tem of 
preservative system formulation (8). 

This paper describes the treatability of pine peeler 
cores with emulsified formulations. These cores are 
generally of low quality and contain a high percentage 
of heartwood and juvenile wood. Some cores are used 
as fence posts, but AWPA (1) standards require a higher 
retention for peeler cores used as  posts. Southern pine 
peeler cores from veneer operations are generally cut 
into low-grade dimension stock or slabbed for treatment 
and used as landscape timbers. 

Experimental  procedure 
Materials 

Southern yellow pine (Prnrrs echinata Mill. or P. tae- 
da L.) plywocd peeler cores were selected for treatment. 
All material was supplied in the green state in 2.6 m 
lengths. Some peeler cores were slabbed to 90 mm in 
thickness to simulate landscape timbers. The slabs were 
retained for treatment as quarter-round fencing boards. 
Cores ranged from 115 to 150 mm in diameter and were 
cut into matched halves (122 cm). A central disk was 
retained for determination of sapwood depth (2). Aver- 
age sapwood depth was 35 mm as determined using ben- 
zidene dihydrochloride indicator. Peeler cores were as- 
signed to individual charges in such a fashion as to 
minimize the effect of heartwood content on individual 
charges. 
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Preservat ive formulat ions 
Water-dispersible zinc naphthenate (ZWD) treating 

emulsions were made from a commercial concentrate 
01-Gard 550, Mooney Chemicals, Inc., Cleveland, Ohio)' 
containing 63 percent zinc naphthenate (8% Zn as me- 
t a l )  and 37 percent inert ingredients by diluting with 
water while agitating. The nominal treating emulsion 
concentration was 0.2 percent zinc (as metal), unless 
otherwise noted. Pentachlorophenol emulsions (PWD) 
were prepared from a commercial concentrate (Penta- 
sperse, Chapman Chemicals, Memphis, Tenn.)' contain- 
ing 25 percent total chlorinated phenols. The nominal 
emulsion strength was 5 percent chlorinated phenols. 
Conditioning schedules 

Samples were conditioned prior to  treatment using 
one of the following three scheduk?: 

Kiln-drying (KD). - Samples were kiln-dried using 
a schedule described by Kelso (111, which used a con- 
stant wet-bulb temperature of 52°C. Dry-bulb temper- 
ature was varied as follows: 54°C for 24 hours; 60°C for 
24 hours; 66°C for 48 hours; 71.1"C for 48 hours; and 
77°C for 24 hours. The average wood moisture content 
(MC) &r drying was 17.5 percent. 

hesteaming (S). - Some kiln-dried samples were 
presteamed using a cycle consisting of raising the tem- 
perature to 116°C over a 30-minute period and direct 
steaming the samples for 1 hour a t  116°C. This process 
was followed by a final vacuum of -88 kPa for 30 min- 
utes and immediate treatment with preservative. 

Steam-conditioning (SC). - The cycle consisted of 
raising the temperature to 116" to 118°C over a 30-min- 
ute period, steaming for 4.5 hours, and applying a mini- 
mum final vacuum of -88 kPa for 1 hour. MCs before 
and after steaming were 65.7 and 54.9 percent, respec- 
tively. Steam-con&tioning removed an average of 24 kg 
of water per m3 of wood. After weighing the wood to 
determine moisture loss, the wood was immehately 
treated. 
T rea tmen t  cycles 

Treatment was done in a 46-cm diameter by 275 cm 
retort. Air pressure was applied through a filled scale 
tank mounted on a weighing platform. Gross absorption 
was measured by weighing the scale tank at  various 
time intervals. Net retentions were calculated based on 
weight gain and sample volume. Fresh emulsion was 
added to the working tank after every 3 to 5 charges, 
as needed. The working tank emulsion was agitated 
slowly with a mechanical mixer. The wood volume, 
sample weight increase, and working tank preservative 
concentration before and &r treatment were measured 
for each charge. Data from like charges were combined. 
In some ZWD charges, the preservative was preheated 
to 82°C using steam coils in the working tank. Tem- 

?he use of trade or company names in this paper is for the 
information and convenience of the reader. Such use does not 
constitute a n  official endorsement or approval by the  hiis- 
sissippi Forest Products Laboratory or Mississippi State 
University of any  product or service to the exclusion of others 
which may be suitable. 
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TABLE 1. - S u m m a r y  o f c h a r g e  &to for the invesfigotion of the effect of @: 
inuiol air pressure and r d e  ofpressure increase on the gcoss injection ofa t . 5  

: e ,  ZH'D Dresercntive into k i lndr ied  southern uine w e k r  cores. .. 
i- 

. .  

Refuaal Initial air. Rate of pressure Injection 
pressure increase Refusal Net time 

(kPa) (kPdmi n.) _____. (kg/m') -----. (min.) 
0.0 206.8 257.6 256.0 170 
0.0 34.5 334.4 256.0 155 

69.0 34.5 264.0 208.0 170 
207.0 34.5 201.6 147.2 170 
345 0 34.5 124.8 96.0 130 

perature was  maintained using steam coils in the treatr 
ing retort. 

Bethel1 (full-cell). - Charges were first evacuated 
(-88 kPa) for 60 minutes and the retort was filled with 
preservative under vacuum. Next, the pressure was in- 
creased to 1,034 kPa over a 30-minute period and main- 
tained until gauge refusal was obtained. Finally, the 
retort was vented to atmospheric pressure and the t rea t  
ing solution w a s  returned to the working tank. 

Lowry (empty-cell). - A transfer pump was used 
flood the charge with preservative a t  atmospheric pres  
sure. The pressure was then increased to 1034 kPa and 
maintained until refusal. Following removal of the 
preservative, the cylinder was vented to atmospheric 
pressure and the kickback was drained from the bot- 
tom of the cylinder. A 30-minute vacuum (-88 kPa) 
completed the cycle. 

Riiping (empty-cell). - The Ruping cycle was iden- 
tical to the Lowry cycle except that  a specified initial 
air pressure was placed on the charge and held for 10 
minutes prior to the introduction of the preservative. 
Analyses  

Two increment borings, nominally 5 mm in diame- 
ter, were taken through the widest faces a t  the mid- 
point of each sample and were segmented into 13-mm 
zones for assay gradient determination. Borings from 
similar charges were combined for assay. 

ZWD emulsions were assayed using atomic absorp 
tion spectroscopy (Perkin Elmer Model 503 atomic a b  
sorption spectrometer, zinc cathode ray tube, acety- 
lendair mixture). A 0.1 to 0.25 g aliquot of emulsion was 
placed in  a Vycor crucible and ashed in a muMe fur- 
nace for l hour a t  600°C. The ashed residue was r e s w  
pended in hot concentrated nitric acid, diluted with 
water, and analyzed. To determine preservative gra- 
dients, a similar technique was performed on ashed 
wood borings. The assay of pentachlorophenol was done 
using high performance liquid chroinatography 
previously described (3). 

Prel iminary investigation 
A preliminary investigation was designed to  deter- 

mine the effect of initial air pressure and rate of pres- 
sure increase on the empty-cell treatment of peeler 
cores. This preliminary study indicated that a Lowry 
empty-cell process (no initial air pressure) (Table 1) 
yielded better injection curves than a Riiping process, 
with the injection rate decreasing significantly as the 
initial air pressure increased. Therefore, the Lowry 

Results a n d  discussion 
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mess was chosen for the remaining test. 
Using a fast rate of pressure increase (345 kPa/min.) 

i yielded faster initial uptake rate with the Lowry process, 
.. but the rate of injection fell off rapidly after the first 

minutes of the cycle (Table 1). 

Gross injection curves. - The data for all charges 
with the same preservative, conditioning method, and 

Efect  of conditioning method: For kiln-dried stock, 
the Bethell full-cell and Lowry empty-cEll injection 

-merit of kiln-dried stock. The two prsesses also yield- 
& similar curves for steam-conditioned stock with the 

As expected, net injections were much lower for the 

back seems abnormally high with steamconditioned 
be due to the reduced solution viscosi- 

tment  for the PWD system because previ- 
has  shown that adequate treatment can be 
ing this method. However, the effect of 

3 0.434 
1 
4 0.560 
1 

0.465 

3 0.366 
1 

1 0.129 
Kilndried and presteamed 

1 0.136 
1 0.137 
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presteaming of dry stock was unknown. F’resteaming &d 
not improve the gross injection of peeler cores treated 
by either process with the PWD system. 

Surprisingly, gross absorption was greater with the 
Lowry treatment than with the Bethell treatment, but 
net retention was less. As with the ZWD system, these 
data indicate the preference for using dry  stock. Lowry 
treatment seems feasible only if  proper gradients are 
obtained. 

Effect ofheating: For kiln-dried stock, Bethell injec- 
tion time was shortened considerably and gross injec- 
tion improved slightly when heated preservative was 
used. Lowry injection time was about the same as with 
unheated preservative. While a higher gross injection 
was obtained with heated preservative, the net injec- 
tion was considerably lower than that obtained with un- 
heated preservative (Table 2). 

With steamconditioned stock, heating resulted in 
a lower gross injection for Bethell treatment and a 
higher gross injection for Lowry treatment. Net injec- 
tions for Lowry treatment were about the same for heat- 
ed and unheated preservative. 

For all conditioning methods and processes tested, 
although heating had no deleterious effects on the ZWD 
emulsion, i t  also offered no obvious advantage. 

Preservative gradients. - The gradients for ZWD 
preservative are presented in Figures 1 and 2. Figure 
3 shows the gradients for the PWD preservatives. 

ZWD gradients: Gradients for zinc (as metal) are 
shown in Figure 1 for each combination of process and 
conditioning method. The shape of all gradrents was 
the same with a sharp reduction in the retention across 
the first assay zone followed by an almost linear g-ra- 
dient over the next 5 cm. 

Gradients for steamconditioned cores were slight- 
ly lower than those obtained with kiln-dried stcck. The 
difference was substantial, suggesting tha t  reasonable 
gradients can be obtained with steamcondtioned stock 

pine peeler cores using rcaierdispersible p r e s e n a i u e  formulations. 

Retention 
Refusal Net Injedion ratio Time to refusal 

~ (kg/m’) (R) (Din.) 

417.6 - - 168 
428.8 - - 110 
361.6 292.8 81.0 180 
393.6 260.8 66.3 190 

222.4 - 69 
- 70 166.4 

265.6 96.0 361 
281.6 104.0 36.9 I 3  

352.0 215.2 78.2 160 

-r  

13 - -  

363 2 - 90 
420 8 210 0 57 0 90 

361 6 90 
430 4 259 2 60 2 80 
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Figure 1. - Effect of treatment process and conditioning 
method on ZWD gradients. 
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Figure 2. - ZWD gradients obtained using heated preser- 
vative. 

and Lowry treatment despite the lower net retentions 
as compared to kiln-dried cores or Bethell treatment. 
These data also indicate some preservative penetration 
into the heartwood of pine peeler cores (last tu-o data 
points on the gradients in Fig. 11, albeit in amounts 
that  are probably insufficient for adequate protection. 
Retention in this zone is approximately 0.25 kg/ms or 
less. 

Heating the preservative yielded slightly steeper 
gradients (Fig. 2) than those found using unheated pre- 
servative, Since heating the preservative did not im- 
prove the  gradients] the use of heated preservative 
seems an addtional expense that cannot be justified by 
these results. 

PWD: With the  exception of the  Bethell treatment, 
these grachents were essentially linear Wig. 3). 
Presteaming flattened the gradients for both Bethell 
and Lowry treated stock. For unsteamed wood, the 
Lowry gradient was flatter than its Bethell counterpart, 
inbcating that adequate treatment can be achieved us- 
ing an empty-cell process. 

Treaiment of quarter-round fencing boards.-Charge 
data for the treatment of presteamed quarter-round 
fencing boards are shown in Table 3. The generally 
higher refusal injections, as compared to the peeler cores 
(Table 21, reflect the much higher sapwood content of 

22 
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Figure 3. - Effect of treatment process and presteaming on &%, 
PWD in kilndried pine peeler cores. 
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TABLE 3 - Summary  of  charge dala for treatment o f  pine quarter-round 1% 

r; 
fencing boards with huo waferdrspersrbk preserudwe formulntwns 

- 
Timeto Injection Volume Retention 

Process treated Refusal Net refusal ratio . 

ZWD (0.2% zinc as metal) 
(ma) - &g/m') (mid (so) 

Bethell 0.16 520.0 - 85 - 
h w r y  0.16 424.0 283.2 90 66.8 

Bethell 0.17 422.4 - 90 - 
b w r y  0.17 417.6 308.8 9.5 73.9 

PRD (5.0% chlorinated phenols) 

'All stock was kilndried and  presteamed for 1 hour prior to treatment. 

this stock. Adequate preservative penetration and 
retention were noted, regardless of process or preser- 
vative system. Bethell injection was equivalent to or 
greater than the Lowry injection rate. Higher refusal 
injections were found for the ZWD system than for the 
PWD system. Treatment times for all processes were 
equivalent for both preservative systems. 

Dispersion stability. - h n g  the treating phase, all 
effluent streams except the vacuum condensate were 

persion stability was excellent and neither water-dis- 

recycled into the working tanks. No breaking of either 
emulsion prior t o  the addt ion of new make-up concen- 
trate or during the treating process was noted. The dis- 

persible system offered operating or handling problems 
when used with standard treating plant equipment. As 
has been previously noted (31, mechanical agitation of 
emulsion systems would seem to be consistent with good 
treating practices. 

Summary and conclusions 
Similar injection curves were found for both Bethell 

and Lowry treatment of kiln-dried pine peeler cores 
with ZWD. This indicates tha t  either process could be 
used successfully to treat kiln-dried stock. With steam- 
conditioned stock, the Low-ry empty-cell treatment re- 
sulted in a low net retention as compared to  the Bethell 
full-cell treatment of similar stock. Overall, the net in- 
jection of steamconbtioned stock was considerably low- 
er than tha t  for kiln-dried stock, regardless of process, 
which indicates that dry stock should be used. No over- 
all improvement in treatability was realized when a 
heated preservative was used. 
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N o  .discernible differences were noted in the shape 
of the'ZWD gradients between the type of process or the 
conditioning methods. Gradients for kiln-dried stock 
were slightly higher than those for steam-conditioned 
stock, and Bethel1 gradients were slightly higher than 
those for the Lowry process. This was surprising given 
the difference in net retentions between kiln-dried and 
steam-conditioned stock. These data may also indicate 
that the ZWD formulation was stable within the wood 
structure and that no breaking of the emulsion occurred. 
Had the breaking of the emulsion systems occurred, one 
would reasonably expect an extremely high loading of 
preservative in the outer 20-mm zone, with very low 
retentions in the inner assay zones. Gradients were 
characterized by an  initial drop across the outer assay 
zone followed by a n  almost linear gradient across the 
inner zones. Gradents  for heated preservative were 
steeper than those for wood treated a t  ambient temper- 
ature. Sapwood penetration was complete, with some 
additional penetration into the heartwood. 

Gross injection with the PWD system was greater 
for Lowry treatment. Net retention was lower with the 
PWD system than with the ZWD system. Presteaming 
kiln-dried stock did not improve gross injection but did 
tend to flatten the resultant gradients. Little difference 

.e.... - .  . .. was noted between PWD gradients treated by different 
5-5 processes. PWD gradents  tended to be more variable -L than those for ZWD. Both ZWD and PWD formulations 

are compatible with existing treating-plant equipment 
and procedures. 

This research illustrates the val idty of pressure 
treatment with emulsifiable systems. Emulsions seem 
to offer greater flexibility in designing and formulating 
preservative systems and are likely to become increas- 
ingly important in the marketplace. New micro-emul- 
sion technology, coupled with a better understanding 
of oilhiocide relationships and the development of new 
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biocides, should produce emulsion systems that a re  via- 
ble in Found-contact. Future research should focus on 
the relationship between treating parameters and basic 
properties of emulsion systems, an  area not addressed 
in this paper. 
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