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[ Research paper 1

Effects of Phosphoramides on Wood Dimensional Stability
Hong-Lin Lee 1,3), George C. Chen 2), Roger M. Rowell2)

[ Summary I

To evaluate the dimensional stability of phosphoramide-reacted wood, wood was reacted with a

mixture which was derived from compounding phosphorus pentoxide and each of 12 amines  including

alkyl,  halophenyl,  and phenyl amines  in N,N-dimethylformamide. Dimensional stability of such

reacted wood was analyzed by antishrink efficiency (ASE) using the water-soak method. Volumetric

swelling and equilibrium moisture content (EMC) of phosphoramide-reacted woods were also deter-

mined after being maintained at 27°C and 30% RH, 27°C and 65% RH, and 27oC  and 90% RH for 21 d.

The results revealed that phosphoramide-reacted woods had lower antishrink efficiency values than

those of acetylated wood, expoxided wood, and isocyanated wood. Volumetric swelling and equili-

brium moisture content of phosphoramide-reacted wood were increased when exposed to an environ-

ment with a higher relative humidity. Phosphoramides had less effect on improving the dimensional

stability of wood.

Key words: phosphoramide, antishrink efficiency, equilibrium moisture content, volumetric swelling,
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Table 1. Chemicals reacted with wood through the phosphorus pentoxide and amines system

Chemical Structure Molecular weight

Phosphorus pentoxide P2O5
141.94

Propylamine C 3H 3N H 2
59.11

Butylamine C4H9NH3
73.14

Hexylamine C6H 13NH2
101.19

Octylamine C 8H 17NH 2
129.25

4-Fluoroaniline C 6 H 4 F N H 2 111.12

4-Chloroaniline C6H4CINH2 127.57

4-Bromoaniline C6H4BrNH2 172.03

2,4,6-Tribromoaniline C6H2Br3NH2 329.83

Aniline C 6H 5NH 2
93.13

p-Anisidine C6H4OCH3NH2 123.16

p-Toludine C6H4CH3NH2 107.16

4-Nitroaniline C6H4NO2NH2 138.13

Symbol

P

PAM

BAM

HAM

OAM

FAN

CAN

BAN

TBAN

AN

ASD

TLD

NAN
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Fig. 1. FTIR spectra of control wood and
wood reacted with PBAM at 52% weight
gain:(a) control wood: (h) reacted wood.
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Table 2. Volumetric swelling coefficients (S) and antishrink efficiencies (ASE) of phosphor-

amide-reacted woods as determined in water1)

T r e a t m e n t  W P G  S 1  ASE1 S2 ASE2 Wt1 S3 ASE3 S4 ASE4 Wt2
Control 0 20.0 - 19.6 - 0.8 18.8 - 18.8 - 1.1
PPAM 20.5 12.7 36.5 19.4 1.0 10.8 19.2 neg 22.1 neg 12.4
PBAM 25.9 13.1 34.5 15.4 21.4 14.5 18.5 1.6 21.5 neg 15.9
PHAM 23.4 11.6 42.0 13.9 29.1 12.3 14.9 20.7 17.3 8.0 13.9
POAM 23.9 12.5 37.5 15.0 23.5 6.9 13.8 26.6 17.3 8.0 8.8
PFAN 24.0 11.4 43.0 19.3 1.5 12.6 19.2 neg 21.7 neg 15.0
PCAN 20.2 13.0 35.0 18.0 8.2 9.7 17.7 5.9 19.9 neg 11.3
PBAN 22.2 13.2 34.0 18.0 8.2 8.6 17.8 5.3 19.3 neg 10.2

PTBAN 24.6 10.8 46.0 21.6 neg 16.4 21.3 neg 24.2 neg 19.2
PAN 20.8 10.8 46.0 17.9 8.7 11.5 17.9 4.8 20.2 neg 13.5

PASD 21.6 13.0 35.0 17.8 9.2 5.6 17.8 5.3 19.0 neg 7.2
PTLD 22.5 11.1 44.5 17.5 10.7 10.2 17.3 8.0 18.9 neg 12.3
PNAN 26.9 12.6 37.0 19.3 1.5 12.9 19.0 neg 20.4 neg 14.5

1)WPG:  Weight percent gain; specimens recorded at 0 WPG are the control.
S1: Volumetric swelling coefficient determined from initial O. D. volume and 1st water-swollen volume.
ASE1: Antishrink efficiency based on S1.
S2: Determined from 1st water-swollen volume and reoven-drying.
ASE2: Based on S2.
Wt1: Percent weight loss based on the difference between initial O. D. weight and O. D. weight after 1st
water soaking.
S3:  Determined from reoven-dry volume and 2nd water-swollen volume.
ASE, Based on S3.
S4: Determined from 2nd water-swollen volume and 2nd reoven-drying.
ASE4: Based on S4.
Wt2:  Total weight loss based on O. D. weight, %.

Table 3. Changes in volume of phosphoramide-reacted wood in water1)

Va Vd
Treatment 

Vo dV1 Vw1 Vo1
Vw2 Vo2 dV2

(mm3) (mm3) (mm3) (%) (mm3) (mm3) (mm3) (mm3) (%)

Control 4414.2 4256.5 4256.5

PPAM 4323.1 4168.6 4651.1

PBAM 4307.3 4153.4 4781.3

PHAM 4333.2 4177.4 4828.2

POAM 4302.2 4148.5 4704.2

PFAN 4314.2 4160.1 4649.7

PCAN 4433.5 4275.1 4595.3

PBAN 4410.8 4253.2 4532.5

PTBAN 4408.0 4250.2 4565.9

PPAN 4390.0 4233.2 4636.2

PASD 4413.7 4256.0 4562.5

PTLD 4384.5 4227.9 4600.8

PNAN 4411.2 4253.6 4578.5

11.6

15.1

15.6

13.4

11.8

7.5

6.6

7.4

9.5

7.2

8.8

7.6

5106.8 4269.0

5240.6 4391.2

5407.4 4685.8

5389.0 4731.6

5293.9 4605.5

5181.1 4343.0

4987.8 4397.1

5130.6 4348.6

5059.4 4159.9

5133.8 4355.2

5155.9    4377.0

5109.8 4349.8

5093.5 4327.6

5071.8 4268.2 0.3

5263.0 4312.3 3.5

5552.3 4542.3 9.4

5436.2 4633.2 10.9

5241.2 4478.2 8.0

5178.4 4276.5 2.8

5176.4 4317.7 I.0

5124.3 4296.0 1.0

5044.4 4067.9 -4.3

5130.5 4269.9 0.9

5154.8 4330.6 1.8

5102.0 4291.0 1.5

5126.1 4256.4 0.1

1) Va: Air-dry volume. Vd: Oven-dry volume. Vo: Oven-dry volume after reaction. dV1: Increase in
wood volume with reaction, (Vo - Vd) / Vd. VW1: First 7d water-swollen volume. Vo1: First reoven-
dry volume. Vw2:  Second 7d water-swollen volume. Vo2:  Second reoven-dry volume. dV2:  Increase in
wood volume with reaction, (Vo2 - Vd)/Vd.
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Fig. 2. Equilibrium moisture content(EMC)
of wood reactecd  with phosphoramides at 27
oC and 30% RH conditions for 1,2,3,7,14,and
21d.
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Fig. 3. Changes in volumetric swelling of
wood reacted with phosphoramides at 27°C
and 30% RH conditions for 7, 14, and 21d.
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Fig. 4. Equilibrium moisture content(EMC)
of wood reactecd  with phosphoramides at 27
oC and 65% RH conditions for1,2,3,7,14,
and 21d.

Fig. 5. Changes in volumetric swelling of
 wood  reacted with phosphoramides at 27°C
and 65% RH conditions for 7, 14,and 21d.



Fig. 6. Equilibrium moisture conrent(EMC)
of wood reactecd  with phosphoramides at 27
oC and 90% RH conditions for1,2,3,7,14,
and 21d.
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Fig. 7. Changes in volumetric swelling of
wood reacted with phosphoramides at 27°C
and 90% RH conditions for 7,14, and 21d.
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