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ABSTRACT

This paper describes the research performed by Bell-Northern Research and
Bell Canada in the modification of a 2.5% water solution of CCA-C
(Chromated Copper Arsenic - type C) used in the pressure treatment of
utility pole stock to mitigate the perceived hardening and checking
tendencies of such treatment. Laboratory and field tests indicate that an
additional of 4% polyethylene glycol (mol. wt 1000) reduces the checking
of the treated sample poles (southern yellow pine, red pine and jack pine)
and generally renders the treated pole surface less resistant to gaff
insertion than the surface of the untreated pole. This modification of
the pole surface is accomplished without alteration of the treated poles;
corrosion, flammability, and electrical conductivity when compared to
those same properties of the straight CCA-C treatment.
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INTRODUCTION

In 1982, Bell Canada and Bell-Northern Research (BNR) designed and
initiated a research program to investigate the modification of the CCA-C
waterborne preservative treatment of poles. This activity was initiated
in response to references in Bell Canada field reports describing the
craftsmen's perceptions that CCA-C treated poles were more resistant to
climbing gaff penetration than other preservative
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t ted poles, such as penta-oil pressure-treated or butt-Frgateq crezsote
e B 1 é nada and BNR decided to investigate the modification o
ey Bel‘ arather than switch to other preservative treatments because
e SOlutlontment endowed these poles with property values thét.were 5
o CCA_? tgei Bell Canada (e.g. low corrosivity, good flgmmablllﬁy.anl
mos e e t'Y roperties, good electrical resistance, high fungicida
SmOke.genera én?oi evity, and no "staining” and "leaching"). The purpose
efflc}ency i tg prov;de an overview of the research work‘thét has b;;n
% thgs §Z§ircgzada and BNR to overcome this perception of difficult ga
gzﬁztrgtion on the part of craftsmen (climbers).

MATERIALS AND METHODS

All preservative experiments were perfor@ed on stgndard pole ;zgikaOt
ﬁ'ed by Bell Canada or other commercial suppllgrs. When e ize

suppt;s of poles were used, the ends were sealed with an epoxy oated

iengitudinal penetration of the preservat%ve. The poles Wiie ;izr o

:23 a commercial concentrate of CCA-C diluted to %.?% wi T:e

zpprgpriate concentrations of PEG 1090 z; othir zgigi;:ri;ing ® eull cell

i tem was impregnated in the po.le

pre::zz:t;1§czzz at a pH of 1.9 or less and at a temperature of 75°F

pre

(23°C) or less.

: . . r
i d using a Pilodyn impact hamme
enetration tests were performe _ i
Héiinzsz ?Zuﬁe spring to exert the force on a 2.5 mm diameter 2lun2de
wi‘obe The other penetration test was perfqrmed on a.gTS‘iiog :igain Cate
ﬁechaﬁical property tester using a 2.5 mm diameter nail wl

of 25 mm/min.

i s ke
i istance, flammability and smo

roperty tests (i.e. fungus resistanc
. Ozgiznp eiectzical resistance and corrosxv1ty).were ?inor?:daﬁY
EEZinn Fo;est Products Laboratory (Foriniegg. 'Thlsiiaizrzsz S ancts

in North ‘American

d centre of excellence 1n. - : S o
aCkzgziidgﬁd so was utilized for their equipment and expertise to per
iﬁz tests according to accepted North Americans standards.

wood Species Studied

. . aIn’
h ole species have been employed throughou? this resgarc? p;gg? ;
. rz; ? red pine (Pinus resinosa), jack p%ne (Pinus bank;%agi éwo Cecics,
namthzén yellow pine (slash-Pinus elliotti, etc.). tThci:: 13 Seod
red i i in Central an
i ] extensively grown 1in :
red pine o o Pell o o i se rown in the United States
rn vellow pine 1s, of course, g ' .
CagaiZé biZﬁtgicluged because of its excellent potential as pole stock
an
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Additives Studied

Modification of the pole to aid gaff insertion was examined and divided
into three modes of approach. These modes were: (1) gaff lubricants,

(2) retardation of the chemical reaction of the wood by the preservatives,
and (3) plasticizing the wood matrix of the pole. Some of the chemical
materials that relate to the modes are listed below:

1. Lubricants:
- Silicones
- Fluoropolymers ("Teflon type")
- Waxes (Carnauba)
- Fatty Acids
- Fatty Alcohols
- Soaps

2. Chemical Action Retarders:
- Chelates
- Chrome Fatty Acid Esters
- Reduced Chrome CCA

3. Wood Plasticizers:
- Polyhydric Alcohols
- Fatty Acid Esters
- Polyethylene Glycols

All additives, except those listed in Table 1, caused immediate
precipitation of solids in the CCA-C working solution at all temperature
and pH conditions within one hour of mixing. Those materials that
demonstrated acceptable solution stability (24 hours in 2.5% CCA solution
at 23°C) were used in the pressure treatment of 4 foot red pine bolts.

The treatments are itemized in Table 1 long with a programmed Mechanical
Testing System (MTS) and Pilodyn penetration results (test methods
described in Section II). Pilodyn hardness and force to 25 mm penetration

indicate why polyethylene glycol (PEG) 1000 and its homologs were
designated for further research.

Optimization of PEG

Further research into the properties of polyethylene glycols of molecular
weights other than 1000 indicated that glycols of lower weights (500, 750
etc.) tended to react at a faster rate with the CCA-C. They did not stay
in the pole matrix as well with water leaching, although higher Pilodyn

penetrations were obtained. Glycols with higher molecular weights did not
penetrate into red pine as well as PEG 1000.

Measuring the amount of PEG 1000 in the treated poles and also in the
residual solution in the pressure reactor demonstrated that a PEG
construction of 4 to 5% was the most efficient. Further exploratory
studies with southern yellow pine and jack pine indicated that a standard
2.5% CCA-C Working Solution with 4% PEG 1000 was the most appropriate
combined chemical system for the wood species to be evaluated.

87




Fungicidal Properties

The standard soil block tests (AWPA M10 or ASTM D}413) were perzzrﬁﬁz by
Eastern Forest Products Laboratory'of Canada.(Forlntek)dF; ass‘emrious
effectiveness of the preservative in protecting the woof CE;TC ar
types of fungi. Both "leached" and gnleache@ samplgs o S A
CCA-C/PEG were exposed to the following fungi: Lenzites trabea,
monticola and Coniophora puteana.

Flammability and Smoke Generation

Flammability testing was conducted to evaluate severél combisglzzre the

properties of the CCA/PEG treated wood. .The properties tes ?160) e
ib test for mass loss and heat generation (ASTM standard.E ’

;Z;eration (ASTM standard E-662) and flame spread tests using a fire

tunnel.
Electrical Resistance

The DC electrical resistance was determined on fifteen sets of fivg
end-matched 25.4 mm X 25.4 mm X 762 mm samples cut from the sapwoo h
portion of each of the three species. Each test samﬁle wa;3§ét:iiozl

i i teel electrodes (11 gauge, 50 mm long, -
pair of o i electrodes The DC electrical

ils) having a 660 mm span between . . :

CZZTZ:agie o% the samples was measured on three Qlff?rent occasions by
gubjecting them to a constant DC voltage and monitoring the resulting

current flow.

The moisture content of the samples, shown on F%ggre 1, was measugig in
the 20 to 26% range. The test atmospheric condition was set at 7

(23°C) and 90% RH.

Corrosivity to Metals

The corrosivity effeéts of the various wood treatments Zn.metalzczzgziziig
determined 1in an
iated with pole attachment hardware were rmin
3zi§2;a The corrosion test was conducted by sandwiching a sheet sample of

i ks of wood that were untreated,
material between two wetted bloc : :
th:atiztwith CCA or treated with CCA/PEG at dlffe;ent concqntratloni Zfin
PEG- another corrosion test was conducted by burylng.the metal saﬁg is "

moiéture laden wood particles also treated with varying concentratlo

CCA/PEG which had been ground to 40 mesh. Both tests were conducted for

28 days at 50°C. The metal coupons tested consisted of: aluminum, copper,

mild steel and galvanized steel.
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ANALYSIS AND RESULTS
Fungicidal Properties

Bell and BNR contracted Forintek to conduct and interpret the soil block
tests described above. Forintek concluded that the modification of the
CCA-C by addition of polyethylene glycol did not affect the CCA-C

fungicidal properties. Stake tests are now being installed to confirm
this conclusion.

Flammability and Smoke Generation

Forintek also conducted these tests for BNR-Bell. The results of the
tests described previously indicated that the addition of polyethylene
glycol (PEG 1000) neither enhanced nor diminished the fire related
properties of the CCA-C treated wood.

Electrical Resistance

The results of the electrical resistance tests described before performed
by Forintek demonstrated the electrical resistance of the CCA/PEG treated
wood at the recommended concentration of PEG (4.0%) to be slightly less
than the electrical resistance of the sample of the respective species of
untreated sapwood at 22% moisture content (see Figure 1). The scientists
at Forintek could not determine if the decrease in electrical resistance
was due to the PEG itself or the fact that CCA/PEG held more water in the
sapwood than the unmodified CCA treatment. Tests determined that the
average resistance range at 22% moisture content of wood treated with
CCA-C was 20-25 megohms, of CCA/PEG was 10-15 megohms and untreated pine
was 12-16 megohms. All three resistance ranges are typical of pine
sapwood with moisture content of 22%.

Corrosivity to Metals
The addition of PEG to the CCA did not alter the corrosivity to galvanized
steel or copper. There was some visual indication that the addition of
PEG to CCA did increase the corrosivity to aluminum and mild steel;
however, the visual change was barely detectable and there was no change
of weight associated with the visual change. There was no consistent,
defineable trend of corrosion associated to the PEG concentration or
exposure time in the sample domain investigated. The researchers
(Forintek, Bell and BNR) decided that results of the tests demonstrated
that the corrosion effect by the addition of PEG was at worst (best)
minimal). The mass loss data derived from this test is shown in Table 2.

Penetration of CCA-PEG

Analysis of laboratory pressure treated roundwood bolts demonstrated that
the addition of PEG does not diminish the penetrability of the CCA-C into
the wood matrix. Analysis of the treated wood also demonstrated that the
addition of the PEG did not change the distribution of the chrome, copper
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the penetration domain from that of the :
The treatment (schedule, process and materials) : ACKNOWLEDGEMENT

C and all CCA-C/PEG solutions and did not differ
tment process used by the industry. The We ha
ve attempted, through this
’ paper, to present an overview of
the type

penetration of the PEG was determined on a Cross sectional sample of red of research that i :

pine. Visual examinaFiOn indicated.that PEG penetration occurs only when Northern ResearChliB;;ntlnually be%ng plant Structures peoian char

the moisture content 1s below the flber saturation concentration plaguing all North Am )'On o ?H?S%de "W are gratoal to have hed

(preferred MC is 25%) and sanood.lS available for penetration. Jack pine opportunity to pres irlcan cosean. Ne would 11k 5o thank a1t of the.

samples did not shoW Penetratlo? in all areas because the sapwood was engineers and mznag::s g?eriogram. nd TOL. for their continued supror s

completely removed in the tapering process. Whether the depth of this research progran. e :sgécggﬁl;nghTDi fgr 12 Waritan of B for e
. ank Cheryl Maritan of BNR for her

penetration of PEG is regulated by wood porosity, moisture content or both work in the product develop t Jeff
ment, Je Harrott of .
to : . of Bell C
complete the field trials and Clifford Ralph of Forii::iafggrh}.lls work
is

will be determined in later experiments. ,
assistance in preparin .
. g the first
evaluation of the results. samples of the CCA-PEG system and the

and arsenic ions within
distribution of CCA-C.

was the same for the CCha-
significantly from the trea

PILODYN DATA ANALYSIS

Pilodyn tests show favourable results in the ability of CCA/PEG to soften o
the outer shell of the poles. i oL
- IABLE |
Data collected in 1983 showed a definite increase in Pilodyn penetration 1 - Assessment of Hardness Characteristics
for red pine and jack pine over standard CCA treated poles. With respect 1 of Treated Wood Poles
to southern yellow pine, no statistically significant softening was MTS Loads at 25 sm Penetration vs. Pene
found. It should be mentioned, however, that few readings of southern ) ) tracion at 6 Joules (Pilodyn)
yellow pine (syp) CCA poles were available for comparison to CCA-PEG since 161 RH ° =
Bell Canada has very few SYP-CCA poles in service. anésogm'; AND _m's"e'z'l%u'&ﬂi'rgsg 3;,1“”’%‘4 1:: 2z ri @ 16°dz ru @ -20°C
. ATIVE | Kg LOAD| mm | Kg LOAD| mm MIS [ PM| MIS
Kg LOAD PM
1984 Pilodyn radings (N), taken from eight poles of each species "pefore" 38-CCA w2 | Kg LOAD| mm | Kg LOAD| m=m
and "after" treatment, are summarized in Table 3. Three Pilodyn readings QUILON: 69.2 |12 72.2 |11 91.4 J10] 79.5 9] 114.6 | 9
were taken at each pole location, 10 inches from the butt, mid-length, and
i . 48-CCA-C 66. :
6 inches from the top QUILON 5 6 |11l 8.3 |10} 92.3 ol 704 ol 10is 1o
Generally, the Pilodyn readings tend to follow the moisture content within 6G-CCA=C 65.4 10} 80.4 10l 91.6
the individual sample domain (untreated, CCA, CCA/PEG). It should be 1/2 LESS CR ‘ . 10| 86.2 10 | 106.7 9
recognized that pilodyn means of "well seasoned" CCA-C red pine, jack pine 78-CCA=C es.8 |16l 4
and southern yellow pine poles have been recorded at 13.9, 13.3 and 102 PEG 1000 ) -8 151 46.8 16 | 48.7 15 $6.3 {12
10.7 mm, respectively.
98-CCA TYPE .
. . pocaTe | 0.1 (1] 772 |uzf 874 |11 es.7 f10] 1018 |10
Pilodyn testing and climbing trials of CCA-PEG poles confirmed our lab
: i i 11B-CCA
rt.asults, howgve.r, the sample sizes, esl?ec1a11y those of sout:.hern ye}low TYPE C 81.5 11| 69.9 11} 93.6 [10] 88.2 10] 99.7 j10
pine, were limited. Further tests, using a larger sample size and in
climatic conditions other than Eastern Canada will be conducted to confirm 2B~UNTREATED ss |l ss.s iz
the results of tests conducted so far by Bell Canada and BNR. 5 ) - - - - - -
-UNTREATED 74.5 11§ 65.1 11§ 86.6 11 -— - 90.5 |10
Soil block tests indicate that the addition of PEG to CCA does not 8B-UNTREATED v2s 1l ens I .
significantly affect the fungicidal activity or permanence of the CCA : 79.1 {12] 84.9 f11] - -
preservative treatment. Additionally, stakes have been prepared,
incorporating the PEG and the various CCA-C treatments for exposure in two
Ccanadian and two U.S. sites to corroborate the lab tests.
1 BNR Technical Letter - TL-83-0487
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Figure 1l: Average resistance of each treatment and each species
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