
ID=1503 1981-1982 
RALPH, C.D.; DESAI, R Evaluation of anoniacal zinc and 
copper thiocyanate for the treatnent of wood exposed to 
(Forestry Canada Ho,).

EVALUATION OF AMMONIACAL ZINC THIOCYANATE AND COPPER THIOCYANATE

FOR THE TREATMENT OF 

WOOD EXPOSED TO GROUND CONTACT

Prepared for-

CANADIAN FORESTRY SERVICE

by

FORINTER CANADA CORP. 
Eastern Laboratory 
800 Montreal Road 
Ottawa, Canada 

K1G 3Z5

3

January 19S2



TABLE OF CONTENTS

Work Team 

Mandate

Executive Summary

Introduction

Method

Results

Conclusions

References

Page

i

i i 

iii 

.1 

4 

7

16

18

List of Tables

Table 1. Milligrams of Elemental Zinc Leached from Treated 
Red Pine and White Birch Blocks after a 14-day 
Leaching Cycle

Table 2. Milligrams of Elemental CoDDer Leached from
Treated Red Pine and White Birch Blocks after a 
14-day Leaching Cycle

Table 3. Weight Loss Caused by WOod Destroying Fungi on 
Preservative Treated Red Pine and White Birch 
Blocks after Leaching

Table 4. Weight Loss Caused by Wood Destroying Fungi on 
Preservative Treated Red Pine and White Birch 
Blocks after Leaching 15



WORK TEAM

PROJECT MANAGER:

J. K. Shields

PROJECT LEADERS:

Clifford D. Ralph, B.A.
Research Scientist
Biodeterioration and Protection Department

Dr. Raman Desai, Ph.D.
Research Scientist
Paint and Coating Department

TECHNICAL SUPPORT:

Mr. B. G. Spicer 
Technologist, Wood Preservation

i



MANDATE

Forintek Canada will assess the performance of Hardwood 

and Softwood treated blocks exposed to decay fungi. An 

evaluation of the potential of wood treated with copper 

thiocyanate, zinc thiocyanate, copper salicylate, zinc salicylate 

and zinc methyl siliconate for use in moderate or severe decay 

hazard conditions will be made. The work will be performed under 

Canadian Forestry Service Contract 3-65-57-020.

\
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EXECUTIVE SUMMARY

A series of red pine blocks were treated with a variety 

of potential wood preservatives. Blocks were then leached and 

exposed to wood destroying fungi. Amounts of copper or zinc 

leached from the blocks were measured. Height loss caused by 

wood destroying fungi were calculated for various treating 

solution concentrations.

None of the zinc compounds tested appeared to have 

significant potential for ground contact use. Copper compounds 

tested had improved performance over similar zinc compounds. 

Differences in rate of leaching of zinc and copper were found 

between white birch and red pine blocks treated to similar 

retentions with the same compounds. A preliminary assessment 

of zinc mathysi1iconate resin showed that it inhibited decay 

at retentions of 27.2 kg/rn3 of salts when exposed to a common 

wood destroying fungi.
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INTRODUCTION

A series of studies carried out at the Eastern Forest 

Products Laboratory in 1972 through 1978,dealing with the 

protection of wood using treatments containing various zinc 

compounds,indicate that these systems may have potential 

applications for the protection of wood materials.

It was found, that impregnation of spruce pine and 

fir with ammoniacal zinc salt latex systems can considerably 

improve the wood's resistance to environmental elements in 

exterior use. The system also proved beneficial in reducing 

iron staining associated with fastening devices used for wood 

siding as well as providing improved substrate properties for 

the adhesion of paints and stains.

Ammoniacal zinc oxide was tested by Shields, Desai, and 

Clarke (8,9) and found to improve the resistance of freshly 

sawn pine to the formation of staining fungi that can occur during 

yard storage of green lumber. The zinc oxide system also proved 

effective in reducing the formation of brown stair, in kiln dried 

Eastern white pine (Nulne).

Further studies by 

on zinc thiocyanate or

Dolenko 0 15.indicated that a system based 

zinc carbonate when applied to lumber and
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subsequently dried and painted provided moderate protection

against the formation of moulds and fungal stain on the surface

of siding material. The zinc thiocyanate system is currently

being tested in ground contact and has inhibited decay in treated

red pine sapwood stakes for a period of six years (13). Although
3

the preservative loadings are high, 9.6 to 14.4 kg/m of salts, 

results to date indicate that this system may have a potential 

for the treatment of lumber exposed to moderate decay conditions 

in service.

The majority of the zinc systems tested have low mammilian 

toxicity and provide a clear protective finish.

Mo work.was performed in the previous studies to obtain basic 

data on loading levels required to provide protection against 

decay causing fungi or on the leaching properties of such systems.

Although the ammoniacal zinc thiocyanate system was developed 

primarily for above ground use, the current data on stake tests 

would seem to indicate that the system has some potential for ground 

contact use. A further investigation of effective loading levels 

and leaching properties of the system would be beneficial.

Recent developments with regards to the control of ammonia loss
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in dip and soak type treatments using ammoniacal systems,as 

outlined in a previous Forestry Service Report (Ammoniacal Wood 

Preservatives for Use in Non-Pressure Treatments of Spruce and 

Aspen Poplar), may solve some of the practical problems in using 

these systems in open tank soaking operations by controlling 

ammonia losses.

This study was exoected to provide basic comparative data 

on the preservative properties of prospective zinc and coppet 

wood preserving systems and to determine effective loading levels 

for wood exposed to a variety of decay causing organisms. An 

assessment of the system's potential use in ground contact can 

be made based on toxic threshold levels and leaching properties 

of the systems.

A series of treated stakes with preservative loadings based 

on the results of this experiment will be placed in ground contacc 

and assessed yearly for performance in service.
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METHOD:

Preservative compositions tested were freshly prepared 

from analytical grade chemicals. Dilutions were made with 

3.5% ammonium hydroxide to achieve a 0.5%, 0.25%, 0.125%, and

0.062% elemental zinc or copper content. The following chemical 

compounds were tested:

1. Zinc oxide + sufficient ammonium bicarbonate to achieve 

total solubility in 3.5% ammonium hydroxide.

2. Zinc oxide + ammonium thiocyanate 1:2 wt/wt ZN (SCN)2

3. Zinc oxide salicific acid 1:1 wt/wt 

Results in excess zinc oxide

4. Basic copper carbonate in (5.5% NH^OB)

5. Copper oxide

(Basic copper carbonate) + ammonium thiocyanate 1:2 wt/wt. Cu(SCN)

6. Basic copper carbonate + salicylic acid 1:1 wt/wt 

Results in excess copper oxide

7. Zinc methyl si 1iconate
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The chemical compositions were assessed by standard soil 

block test method of the American Wood Preservers' Association.

(Ml0-77 standard)

This standard provides for the leaching of treated wood 

blocks prior to exposure to decay fungi. Two wood species were 

tested with each preservative chemical. White birch and red 

pine saowood boards were air dried and cut into square blocks.

Six replica blocks were used for each preservative concentration 

tested.

A vacuum pressure treatment was carried out to fully 

impregnate the blocks, and preservative uptake was calculated by 

gravimetric methods. The treated blocks were then air dried for 

a four week period at 25^C. The blocks were then exposed to a 

14-day leaching cycle as described in the standard. Leaching 

water was collected and analyzed for the amount of elemental zinc 

or copper and the percentage element leached calculated. Analysis 

was performed on a Perkin Elmer Model 303 atomic absorption 

spectrophotometer. After leaching the blocks were again air 

dried for a three week period and a base weight obtained after a 

short oven drying period. Culture jars had been previously 

inoculated and the selected fungi well established on birch or 

red pine feeder strips prior to exposure of the steam sterilized 

treated blocks.
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The following fungi were selected from Forintek's culture 

collection for the test:

1. Lenzites trabea S644

2. Pori a monticola A189

Weight losses after exposure to decay fungi to determine 

thresholds were not considered to occur until there was a definite 

increase in weight loss over and above those relatively low ones 

that result from surface decay.

In addition to the work performed on the various zinc 

systems previously tested at the Eastern Forest Products Laboratory, 

a preliminary screening of an annomiacal zinc methysiliconate 

preservative was carried out. Red pine saowood blocks were vacuum 

treated with various concentrations of the chemical and exposed to 

test fungi. Weight losses were calculated. Results of this 

preliminary screening are reported with the other soil block test 

results. No leaching was carried out on blocks treated with this 

compound.
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RESULTS

Table 1. shows the percentage zinc leached from treated 

blocks after a 14 day leaching cycle. An increase in percentage 

of zinc leached from the treated blocks occurred as the treating 

solution concentration was reduced. Similar trends have been 

noted with other ammoniacal preservative systems with regards 

to leaching properties (5).

White birch blocks treated with ammoniacal zinc oxide and 

zinc thiocyanate had greater amounts of elemental zinc leached 

than did red pine blocks exposed to the same leaching conditions. 

Wood species would appear to have a considerable effect on the 

amounts of zinc retained.

At treating solution concentrations of 0.5% zinc for the 

zinc thiocyanate system similar amounts of this element were 

leached from both white birch and red pine blocks, 24.3% and 29.7% 
respectively. For the same treating concentrations (0.5%), lower 

amounts of zinc, (10.5 mg) were leached from the red pine blocks 

treated with ammoniacal zinc oxide than with other chemicals tested. 

The amounts of zinc leached were relatively consistent irregardless 

of the milligrams of zinc available for leaching in these blocks.
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This is in contrast to the other systems tested in which 

the number of milligrams of zinc leached, increased with the 

amount of elemental zinc available. Zinc salicylate was comparable 

to zinc oxide in its resistance to leaching.

A total of 10.5 milligrams and 22.0 milligrams of zinc were 

leached from red pine blocks treated wi In 0.5Z concentrations of 

zinc as zinc oxide and.zinc salicylate respectively. It should 

be noted that the zinc salicylate system contained an excess of 

zinc oxide and this may account partially for the similarity in 

leaching results. Zinc salicyate is soluble in cold water at about 

5 grams per 100 cc.

Table 2. shows the percentage of elemental copper leached from 

the treated blocks. The percentage cooper leached increased as the 

treating solution concentration was lowered. A greater amount of 

copper was leached from white birch blocks treated with copoer 

cabronate than with red nine blocks treated with the same solution 

(copper carbonate) (0.5°/. cc).

Copper thiocyanate appeared to have better copper fixation in 

the white birch blocks than cooper carbonate. The thiocyanate system 

was about equal to the copper carbonate system with respect to 

cooper fixation in red pine blocks.

8



Thn copper thiocyanate system was more highly fixed than 

the zinc thiocyanate system. Cooper salicylate appears to be 

readily Teachable which is to be expected in view of the fact 

that it has high solubility in water.

Copper salicylate was about 9 times more Teachable than 

the copper carbonate or cooper thiocyanate systems when red pine 

blocks were leached.
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Tablg 1. Hi 11 i grams of El onion ta 
and White Birch Blocks

1 Zinc Leached from Treated Red 
After a Ik-dav Lcaching Cycle

Pine
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y; : ' '  copper Leached i 't.i;; ire a r?o ■ 
:.nd While Birch Blocks After a 14-Dav Leaching Cycle

j ru

f
Wood
Species

1

Preservative
Tested

Treating 
Solution 

Concentration 
Percent Copper ;

\

j
i

Total mg of Cu 
Available in j 
6 Replica Blocks j

ii

Total mg of Cu 
or Zinc Leached 

From Blocks

| % of Elemental 
Copper 

! Leached

j j

!.........
Red Copper ; 0.5

!
288.0 11.25 i 3.9

■ P-i p p Carbonate 0.25 144.5 12.15 •: 8.4
t 0.125 71.04 1 10.80 ■ 15.2
i
1!

0.052 37.03 j
I

9.45 25.5{
l*

Whi te Cooper 0.50 ' ! 270.8 54.45 20.1 j
i R irri", Carbonate 0.25 134.0 34.4 25.7 j

0.125 67.98 28.35 41.7

i1
0.062 33.58 10.80 : 32.1

J/
!...

Red Copper 0.5 284.8 10.35 1 3.6?
Pine Thiocyanate 0.25 143.7 10.35 j 7.2

i 0.125 71.1 : 7.20 10.1
J • 0.062 35.9 5.63 15,68

! It j1

White Copper 0.5 260.9 16.87 6.46

Birch Thiocyanate 0.25 131.2 12.37 j 9.40
0.125 63.4 9.45 14.78
0.062 33.5

J
i

------------------ }

Red Cooper 0.5 286.15 94.5 33.0 j
!

Pine Salyci1 ate 0.25 146.05 38.7 26.4
i j 0.125 76.15 20.3 26.3 ■ 1
ij
1
1

0.062
1

36.85 10.8 29.3

* !
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Tables 3. and 4. outline the results of soil block tests after 

twelve weeks exposure to fenzites trabea and roria monticola. 

Data on preservative oxide retention prior to leaching is given.

None of the zinc compounds that were leached prior to exposure 

exhibited sufficient decay resistance at the oxide levels tested 

in this experiment to be totally effective in oreventing decay.

In comparison to untreated control blocks zinc thiocyanate 

treated blocks had some reduction in weight loss for Lenzites trabea 

at retentions of 4.2 kg/m3. Untreated controls lost an average of 

48.4,4 weight for red pine and 59.5% for white birch blocks. A 12.8%
3

average weight loss occurred in red pine blocks treated to 4.2. kg/m 

of zinc thiocyanate prior to leaching. The range of weight losses 

for the six repl ica blocks was 9,1% co 16.8 ?.

Most white birch blocks had greater average weight loss than 

the red pine blocks treated with the same oxide retention prior to 

leaching. This would be consistent with the fact that greater amounts 

of zinc were leached from the hardwood blocks.

Red pine blocks treated with zinc methyl si 1 icon ate exhibited 

no weight loss at retention levels 1.7 lb/ft3 (27.2 kg/m ) of 

salts or greater.
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In the case of cooper compounds tested, improvement in toxic 

threshold levels was found for similar treatments over comparative 

zinc compounds.

White birch blocks treated to'3.84 kg/rti of copper thiocyanate 

did not inhibit decay. Red pine blocks treated to similar 

retentions (4.16 kg/m3 were restricted to weight losses of about

5%.

Although high levels of copper were leached from the copper 

salicylate blocks in red pine specimens, loading levels before 

leaching of 4.32 kg/m3 proved effective in inhibiting decay fungi
O

tested. Loading levels of 4.16 kg/m of cooper carbonate also 

restricted decay losses from both fungi to about 3%.
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Uc-i qh w Loss Caused by Wood Destroying' 
and■ White B ired Sleeks After teaching

Préservas'; •/;

1 ‘ i 1
1 ]

Preservative j

1 Composition
1 !

i

|

Wood
Species

i
j
f

Preservative
Oxide

Retention
(Kg/m°)

Number of 
Reolica Blocks 
Exposed to 
Each Fungi

Average 
Weight L 

Pori a
r*i a n **• ■* m l  ?j 1 , V»/ . .  ̂ 1 L» W i Ci

0/

O S S  j
Lenzites j 

trabea‘

1 Zinc Oxide

]

Red Pine 
Red Pine l 
Red Pine j 
Red Pine

4. o4
O A r\ 
Cm » '•/ m/

1.03
0.54

6
6
6
5

25.7 ' j 
27.1
30.8 j 
44.3

c  i

41.3 i
52.4 i
43.4

i Zinc Oxide
i
1 .

White Birch 
White Birch 
White Birch 
White Birch

4.02 
2.00 

. 0.99 
0.51

6
5
6 
6

*-\ A r  
s j C. * ü
28.1
28.6
40.4

3b. 1 
54.2
31.5
39.5

Zinc
Thiocyanate

Red Pir.e 
Red Pir.e 
Red Pine 

! Red Pine
i

4.19
2.11
1.07
0.52

6
6
6
5 .

*1 o 01 -7. ^
24.5
29.1
36.4

12.3
36.2 1 
49.8
53.2

Zinc
Thiocyanate

1

7
White Birch 

| White Birch 
! White Birch
]• White Birch ■
j

4.02
2.00
0.10
0.52

6
6
■'r
0

33.9
29.9

‘ W  P| w' U V ^

I 45.5

i o n\ .  j
r r  ! 
0 / . 0
55.3 . j
D O . S

:_______J

Zinc
1 Salicylate
4j1»
1

Red Pine 
Red Pine 
Red Pine 
Red Pine

»

4.32 
2.13 
1.07 

C.035 0.55

5 

5
0
6

i 17.0 
| 33.8
5 o r  4“

o  * 0
i o a  o Î . 0 0 . 0j

16; 9
A 'I *■
Z o  . i !

45.1 !
54.0 s

1 !

Zinc
Methyl siliconate 
*Not Leached

Red Pine 
Red Pine 
Red Pine 

j Red Pine

109.3
57.5
27.2
14.4

1; 5
5
/»
o

4

l

1
j.

I

! o.o 
; 0.0 

0.0
j 25,6

t
Controls ; Red Pine Untreated

r
i  oi i *— 1 46.2 /ip £

Controls •!. White Birch Untreated 12 47.9
*  Controls ; Red Pine Untreated 6 \

r
U r ■ iiri- ■ i---------------------------

* Sample Blocks were dip treated only.



iKig l , Weight Loss 
rite 3i

Caused By Wood Destroying Fungi on Preservative Treated Red 
rch Blocks After Leachin

Pine

Preservative

Copper
Carbonate

Cooper
Carbonate

Copper
Thiocyanate

Copper
Thiocyanate

Copper
Salicylate

Wood
Soecies

Red Pine 
Red Pine 
Red Pine 
Red 0  -Î f*1 1 11 c

U U  4 U-. AWmI lc Birch 
White Birch 
White Birch 

BirchWhi t

Red Pino- 
Red Pine 
Red Pine 
Red Pine 
Red Pine

Red Pine 
Red Pine 
Red Pine 
Red Pine

li
White Birch t
White Birch |
White Birch \
White Birch \

Preservative
Oxide

Retenti on 
\
;

/1/_ \ . (.Kg/iii ■

4.16 
2.20 
0.95 
0.48

4.01
2.08
0.96
0.48

Number of 
Replica Blocks

-v3AS9G tO
ach Decay Fungi

Average % 
Weight Loss 

Pori a ;
monticola \

6
6
6
6

6
6
6
6

3.8
5.5
9.1 
18.4

7.1 
10.3
19.0
37.0

Lenzites 
t rabea

3.3
4.4 
11.4 
11.7

6.5 
in o
1
25.1

,1 o h. l 'j
? 24

6 ! r j 0
5.3 ■ 1 

19.1
5.3
9.3 j

0.96 6 33.5 15.2 |
0.48 6 ! 24.9

i
30.5 j

3.84
1 09

6
6

14.6
19.2

11.9
24.2

0.95
0.48

6
6

25.7
31.8 - - - --

39.4 j 
45.8 - !

6 3.5 3.7r.OO
2.08
1.12
C.56
0.12

6
6
6
6

5.4
12.0
18.5
23.1

5.2
14.0 j 

’ 28.5 
29.4
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CONCLUSIONS

1. None of the zinc compounds tested would appear to have 

sufficient toxicity coupled with resistance to leaching to 

withstand long term exposure to ground contact at loadings 

normally obtained in pressure treated material.

2. All systems based on copper had improved resistance to 

decay fungi over those based on zinc.

3. None of the systems 

carbonate in their

showed improvement over- 

ability to inhibit decay.

basic copper

None of the zinc systems showed improved leaching properties 

as compared to ammoniacal zinc oxide and none of the copper 

systems had superior leaching resistance to that of basic 

copper carbonate.

Greater amounts of copper and zinc are leached from white 

birch blocks treated to the same level as red pine blocks 

with copper or zinc thiocyanate and zinc oxide or copper 

carbonate.

This conclusion may be significant with respect to other
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preservative systems that utilize an excess of copper carbonate 

or zinc oxide in their formulation. Soft rot attack on hardwoods 

may in part be due to the fact that key copper or zinc elements 

may be leaching at a greater rate in hardwoods than in softwoods.

Further work on the leaching Droperties of these systems with 

respect to differences in hardwood and softwoods would be required 

before this question can be answered.

6 . In light of the fact that copper thiocyanate 

resistance as compared to the zinc system, a

had improved decay 

comparison with zinc

thiocyanate stakes presently in service may be valuable. Two 

series of red pine stakes treated with copper thiocyanate to 

4 kg/m3 and 8' kg/m3 will be installed in ground contact and 

assessed yearly for decay.
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