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‘ Research paper }

Effects of Phosphoramides on Wood Dimensional Stability
Hong-Lin Leel®, George C. Chen?, Roger M. Rowell?
( Summary ]

To evauate 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
dkyl, hdophenyl, 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 aso deter-
mined after being maintained at 27°C and 30% RH, 27°C and 65% RH, and 27°C and 90% RH for 21 d.
The results revedled 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 dimensiona
stability of wood.

Key words: phosphoramide, antishrink efficiency, equilibrium moisture content, volumetric swelling,

dimensiona sability.
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AMEERHBHRE - PRERRAER
R —BERE S TIREY  EEREW
TEM#R THEEE - HEORH R 2%
B RS - B AV EREBAE - KK
ALY - SN ERILE - RESNE
M~ BB EEEYE - EENCEEHFSE
2 EAEMREEANBEMZ— MH
EEHTENERRL - R AMEZIFER
SEUDAMEN: ~ EWS L ~ B al - R
T E M FRESaR R » WAIE AR IIE
SEEREE > (EAM KB EIFHNERME  —ER
HEABME NI GE o

AEFHEHI{L 22 E (chemical modifica-
tion of wood) B2 LU {LARHY 5 AR R R HY
BREE > HIFFERIRE L CARE AGE - AR
—E TG ENME  ERTRIMBSZEINME
BENEEREZEMEL AMELTHS
EREENRIR T K FHE BT REAMHIR
TREMBEEFEAESEUNRZ © Rowell
and Gutzmer (1975), Rowell and Ellis (1978),
Rowell et al. (1984, 1986), Rowell (1991,
1992 ) 2 Chen (1992) UZEEE - BEHE ~ &
BRI AR AN » FERRABEEAM
R ER B R B B R FERAS » AREIEIS T
KT AAIRERES > WAME T RAMHIR T %
TN 0 RTIAE PR /T RN ] B AM 2R
FItEE o SR ARPRY BRI B AN B R otk
£ o BEEER KM T¥ FARFERMNTEER X
B2 — » SIUERATIGI AR RIREEEE -
e B BB AR NN & RS E - MER]
PAEIBE XK IR B B A R A&
(Langley et al. 1980) » B IRAATIDHIEE
94 £ (Bullock et al. 1964) o R, » A& &K
EHRABBIRIL & » (2 AR AMBS KRG
FERHLEN o

& LIRS % (aliphatic group) B 5 &H R
(aromatic group) BBZ L. Y RE A » EBK

THE & AR M TR B B AT 1 (Lee et al.
1998, 1999) » B 7 — S fH AR E KK
BRHILAATITY - BLEBSEREMEIR T
TEM o Bt » AREY HAERT B
BYRBAMMRTEEY » BEHEAR
SR EIREN - BF— i cE > EMK
HEREHEEREIAM THEL -

MEEAE
-~ REH K
AEAERFTE WA B R R IEEM (Pinus
taeda L. Pinaceae; loblolly pine) * HMHHEE
25 mm ( f&[@, radial ) x 25 mm ( # A,
longitudinal ) x6 mm ( 3%J4), tangential } °
BTRHAVRRRE  #SMEREEANN—BZ
AMET LR RERE -

ZHBhE

&Rz b2 e A FRFE (chemical modification
of wood)

1. # 20 FEMER 60°C B HEILR 24 h »
EIR IR E R LR PR Al BEPR
BFLBEW) °

2. TR ERFAM B R IESES » LREREZ
% 2.1-3.3 kPa 30 min % * B P EPHE
B% (dried N, N-dimethylformamide) 600 mL #&
RIEARIESS S o

3. K LR KA HREE (1-4, anhydroglucopyra-
nose) BRUHEHEHE > AR TH
(phosphorus pentoxide) ~ BHEEHE (amine) 82
7M2‘7(;wood) P13l EEHERESARE B
BERABASILTHEARESF » Ll
(HEABESE - IS RREAERIBIA R ER
o EIRFLUB RIS REERILE S o KRE R
A ABEF M Table 1 ©

4. BRERGERENRAG L » KESEL L
BEEE > BRERERER 115°CINERIE
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Table 1. Chemicals reacted with wood through the phosphorus pentoxide and amines system

Chemical Structure Molecular weight Symbol
Phosphorus  pentoxide PO, 141.94 P
Propylamine C4H;NH, 59.11 PAM
Butylamine C,HoNH 73.14 BAM
Hexylamine CgHyaNH, 101.19 HAM
Octylamine CgH  NH, 129.25 OAM
4-Fluoroaniline CgH,FNH, 111.12 FAN
4-Chloroaniline CeH,CINH, 127.57 CAN
4-Bromoaniline C¢H,BrNH, 172.03 BAN
2,4,6-Tribromoaniline CeHoBraNH, 329.83 TBAN
Aniline C6H5NH2 93.13 AN
p-Anisidine CeH,OCH;NH,, 123.16 ASD
p-Toludine CgH,CH,NH,, 107.16 TLD
4-Nitroaniline CeH,NONH, 138.13 NAN
4ho

5. M R FEIR TR IR BN » WEME
Bhrsa24 h » BRER 60°C BHEF 5k 24
h » LRI EREREZREPwE > BE
PBRELBEW,) °

6. [LEREERERYEFENE .

BEREGFEAE

(weight gain,%)=[(W, - W )/W,} x 100
W, RIEZAMEER

W, . REFAMEER

OHEREHES
1. RIEREZ BE
KA ERBRRE LS RE Z BE - (RITHEAR
HEHF LA B B R B K EE TT WK (leaching) BEEE
B HEES (Lee et al. 1998, 1999) » HiGREE S
PR R R IR L (KB REEIERS
BRI R E F (disc) » T IAE RALSMR L
(Fourier Transform Infrared Spectrophotome-
ter, Wattson Model 5000) #7734 o
2. Rt & EY ( dimensional stability )
(1)#7L Y& §& HE (antishrink efficiency, ASE)
< BIFE | ¥ B ki (water-soak method)
(Rowell et al. 1978) B2 » BIER T B RIER

KEH  BEEEENAEFEM > SREER
& > i~ SERERE o UWETEEEER
B SES e B FHE -

OF— AW | ISHBERRETRBRLE
MR ZFN » BESAERR 105° CHFET
B 24 h o TIRELE I ARE PR HREE 4 30
min (B AN > SANTEE AR B #4225 (flatbed
micrometer) %3 B I E 1 Z BBFE K /)N (Vo) °
% ESEM BE RN & 250 mL Z KA
SR > A DR 28 R 30 min
BEIEEIEBUAERAM T R2IER KT » B
K— R E R A 37 28 E AR (Vw)) ©
BEP 105 CHBETHE 24 0 - HEVRLEE
HIBEABTR (Vo)) °

QF AW  18F - AR KLEERZE
MEFRSE » (718K 7 RIEZEUEEM
BIE KB (Vw,) » T HER 105°CHLHE
PEIE24 h 0 BENRIEE HABRIAER (Voy) ©

@ ¥4 8 BE 89 51 B 2 R (Rowell and
Gutz;ger 19758 :

a. B8 fE B2 AR (% 8 (volumetric swelling co-
efficient, S) Z & -

S, =1[(Vw, - Vo)/ Vo] x 100

S, = [(Yw, - Vo) / Vo,] % 100

S, = [(Vw, - Vo,) / Vo,] x 100
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S, = [(Vw, - Vo,) / Vo,] x 100

S,. S, | E-AHZEAERAE

Ss. S, | B A BRI ARIRE
iy EFA R4 5 HBIE SRR ERFEM Z S, S,
S;. S, » HFRAHS !
#4884 © Sc,, Sc, . Scy, Scy ¢
RREEM  Sty, Sty , Sty, Sty ©

b. UK MEREZETE -

ASE, = [(St, - Sc,) / Sc,] x 100

ASE, = [(St, - Sc,) / Sc,] x 100

ASE, = [(St; - Sc3) / Sc,] x 100

ASE, = [(St, - Sc,) / Sc,] x 100

ASE,, ASE, @ — B flkimREEE

ASE,, ASE, ! BB K RErE R fE

(2)9F 8 & 7K ZE (equilibrium moisture con-
tent, EMC) 288 FE AR (volumetric swelling)
BILERE

Org H IR L AMRECEM & A
FrERS 105°C BEFE R EZ 2 24 h > TR MK
B EEZE D 30 min 980 » BAILLELURE
BE (W) » BUFEREEIMES BIEE S+
B @ ~ i) ~ ZREE  METEHETFEE
RAN(Ve) HUSEERAE o

QOEBHAM BB = ER B E 4
£27°CEBL30% RH ~ 27°CEL65% RH ~ 27°C
£ 90% RH I FIREH » K@ 1,2,3,7,
14, 21 K% » RlBERHFEM C E & (W,)
f&(Ve) ©

OF G EKEZEE

T SKE (%) = (W, - W3) / W3] % 100

OBREFREZAE

BEFERARES (%)= [(Ve - Vc) / Vc] x 100

R
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o BEWRREBEE A EgRRENEEK
FRESSRIBHY o

=~ Rt Edires
O HERE (antishrink efficiency, ASE)
KRB SVIETR % - LABKEBIR
ZAM E R B AR R B (L Z 5 SR A0 Tables 2 B2 3
T o ABR S R BE7R L #&X PPAM, PBAM, PHAM
E1 POAM Efghtcm L e mAEZ <R
o EE—BKEMRETH ASE, ED IS
36.5%,34.5%,42%887.5% | T8 =7k A1
RE % HE ASE [BRIE#—F 89/ » PHAM
§4 POAM R M Z ASE, [ERR1K5 8.0% » T
PBAM 2 PPAM R 2 ASE, EEE B &
f# ° i ASE, B A EZH RIFHPEEAR
B4 AR R ATBSHIRETE(E (Vo,, Vo,) *
BIELIZ/KAITHRETENG (Vo) B/ WHESE (Table 3) »
M FES R EREBERABERFREL
ATRER SR A R RER o IR RN
#£ K # LL PFAN, PCAN, PBAN, PTBAN,
PAN, PASD, PTLD ¥ PNAN S5 FEBE(L
BYREZRSAM PRBIR | HE—EKER
F B HI ASE, {E5 5K 43.0%,35.0%,34.0%,
46.0%,46.0%,35.0%,44.5% E237.0% » Ti8EH
ZRKFEM%RE ASE, 198 BB - KM HERE
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Table 2. Volumetric swelling coefficients (S) and antishrink efficiencies (ASE) of phosphor-

amide-reacted woods as determined in water?d
Treatment WPG S, ASE; S ASE, Wt, S ASE,; S ASE, Wt,
Control 0 20.0 - 19.6 - 0.8 18.8 - 188 - 11
PPAM 20.5 12.7 36.5 19.4 1.0 10.8 19.2 neg 22.1 neg 12.4
PBAM 25.9 131 345 15.4 214 145 185 16 21.5 neg 15.9
PHAM 234 11.6 42.0 13.9 29.1 12.3 14.9 20.7 17.3 8.0 13.9
POAM 239 125 37.5 15.0 235 6.9 13.8 26.6 17.3 8.0 8.8
PFAN 24.0 11.4 43.0 19.3 15 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 113
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 8.7 115 179 4.8 20.2 neg 135
PASD 21.6 13.0 35.0 17.8 9.2 5.6 17.8 5.3 19.0 neg 7.2
PTLD 225 111 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 15 12.9 19.0 neg 20.4 neg 14.5
DWPG: Weight percent gain; specimens recorded at 0 WPG are the control.
S;: Volumetric swelling coefficient determined from initidl O. D. volume and 1st water-swollen volume.
ASE,: Antishrink efficiency based on S;
S,. Determined from 1st water-swollen volume and reoven-drying.
ASE,: Based on S,
Wt,: Percent weight loss based on the difference between initid O. D. weight and O. D. weight after 1st
water soaking.
S; Determined from reoven-dry volume and 2nd water-swollen volume.
ASE, Based on
S,: Determined from 2nd water-swollen volume and 2nd reoven-drying.
ASE,. Based On S,
Wt,: Total weight loss based on O. D. weight, %.

Table 3. Changes in volume of phosphoramide-reacted wood in water?

Treatment va vd Vo av, Vw, Vo, VWZ3 V°23 av,
(mm3) (mm3) (mm3) (%) (mm3) (mm3)  (mmd) (mm*) (%)
Control 4414.2 4256.5 4256.5 . 5106.8 4269.0 5071.8 4268.2 0.3

PPAM 4323.1  4168.6 4651.1 11.6 5240.6 43912 52630 43123 3.5
PBAM 4307.3 41534  4781.3 151 5407.4  4685.8 5552.3  4542.3 9.4
PHAM 4333.2 41774 48282 15.6 5389.0 4731.6 5436.2  4633.2 10.9
POAM 4302.2 41485  4704.2 13.4 5293.9  4605.5 52412  4478.2 8.0
PFAN 4314.2 4160.1  4649.7 118 5181.1 4343.0 51784 42765 2.8

PCAN 4433.5 4275.1 4595.3 7.5 4987.8 4397.1 5176.4  4317.7 1.0
PBAN 4410.8 4253.2 4532.5 6.6 5130.6  4348.6 51243  4296.0 1.0
PTBAN  4408.0 4250.2 4565.9 7.4 5059.4  4159.9 5044.4  4067.9 -4.3

PPAN 4390.0 4233.2  4636.2 9.5 5133.8  4355.2 5130.5 4269.9 0.9
PASD 44137  4256.0  4562.5 7.2 5155.9 4377.0 5154.8  4330.6 18
PTLD 4384.5 42279  4600.8 8.8 5109.8  4349.8 5102.0  4291.0 15
PNAN 44112  4253.6 4578.5 7.6 50935 4327.6 5126.1  4256.4 0.1

Dva Air-dry volume. Vd: Oven-dry volume. Vo: Oven-dry volume after reaction. dV,: Increase in
wood volume with reaction, (Vo - Vd) / Vd. Vw,: First 7d water-swollen volume. Vo : First reoven-
dry volume. Vw, Second 7d water-swollen volume. Vo, Second reoven-dry volume. oV, Increase in
wood volume with reaction, (Vo, - Vd)/Vd.
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Fig. 2 Equilibrium moisture content(EMC)

of wood reactecd with phosphoramides at 27
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Fig. 4. Equilibrium moisure content(EMC)
of wood reactecd with phosphoramides at 27
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FHg. 5. Changes in volumetric swelling of
wood reacted with phosphoramides a 27°C
and 65% RH conditions for 7, 14 and 21d.
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Fig. 6. Equilibrium moigure conrent(EMC)
of wood reactecd with phosphoramides at 27
9%C and 90% RH conditions forl,2,3,7,14,
and 21d.

FEBME R SMHR AR TREk e #

(Ellis 1994) e X BRI SYIBEEMS B R 27°C &
90% RHEBIEH 21 K% HEERWRE(LEN
F27.9-11.2%> M FRARRIE 12.8% BEFEM Z
BETRR AR B LA BB AH A T 13-38% ©

HEBE LA REBEMER LR =@M
RIEZ A ERERBAN | IREM B R IREN
BB » H7-E S KFHEBRERES
(LB EAEEhEE g IR B X » SR
Hrw b aMEEMESRENERES - B
RtZEthardceE - HitrEsE gL -
RE - HEFEBLAMEZBRROUTE
(Rowell et al. 1984, 1986; Rowell 1991) * &
HE— S HE BBZ (L SRR S R RS
T R EFRE— SR HEER -

-

Yolume increase (%)

G Camtrat

Volume increase (%)

1" O Comtrat
Sran

arno
arus

Volume increase (%)

© = A & »

Exposure  time(d)

Fig. 7. Changes in volumetric swelling of
wood reacted with phosphoramides a 27°C
and 90% RH conditions for 7,14, and 21d.



B E R 15(1):137-45,2000

+ ZA
=L

LB L SYIBREE AN » BERTT AR
WEAM PRI BET » ATAIRAENRE
HRTREN - iFEAHBRERE

— ~ B CAMREM Z UK RERERERIE o

= B STIREM RS 2 EIE
BRI R » B Sk AR
AR FEEFAEHRE RIS IR B K o

=~ BIR(CEYIREM 2 RPEHE » LIE27°C
Ei30% RH » 27°C#165% RHBIE T E 5B
T+ {BFE27°C $290% RH BHE b & A ARE
BRHBEBIE -

51 A&k

Bullock JB, Wech CM, Guthrie JD. 1964.

The weathering characteristics of light weight
flame-retardant finishes for cotton fabrics.
Text Res J 34:691-700.

Chen GC. 1992. Fungal decay resistance and
dimensiona sability of lobloly pine reacted
with 1,6-diisocyanatohexane. Wood Fiber Sci
24(3):307-14.

Cathup NB, Daly LH,Wiberly SE. 1964.
Introduction to infrared and rarnman spec-
troscopy. New York : Academic Press. p 273.
Ellis WD. 1994. Moisture sorption and
swelling of wood-polymer composites. Wood

Fiber Sci 26(3):333-41.

Langley JT, Drews MJ, Barker RH. 1980.

Pyrolysis and combustion of cellulose-VII.
Therma analysis in the presence of aromatic
phosphates and phosphoramides. J Appl Polym
Sci 30:2263-77.

Lee HL, Chen GC, and Rowdl RM. 1998.

Flame-retardant and decay-resistant proper-

145

ties of wood reacted with phosphorus pento-
xide-amines  system. In: Lewin M, editor. The
Annua BCC Conference on Flame Retardancy:
Recent Advances in Flame Retardancy of Poly-
meric Materials, 1998 June 1-3; Stamford, CT:
Business Communucations Company. p 98-
119.

LeeHL, Chen GC,Rowdl RM. 1999. Evalu-
ation of phosphoramides to improve thermal
resistance of wood. In: Wang SY, Yeh MC,
editors. International Conference on Effective
Utilization of Plantation Timber: Timber and
Wood Composites for the Next Century; 22-24
May 1999; Chi-Tou, Taiwan. p 266-73.

Rowdl RM. 1991. Chemica modification of
wood. In: Hon DNS, Shiraishi N, editors.
Wood and celluiosic chemistry. New York,
Basel: Marcel Dekker. p 703-56.

Rowdl RM. 1992. Property enchancement of
wood composites. In: Vigo TL, Kinzg BJ,
editors. Composite applications-The role of
matrix, fiber, and interface. New York: VCH
Publishers. p 365-82.

Rowdl RM, Ellis WD. 1978. Chemica modi-
fication of wood-Reaction of methyl isocya
nate with southern pine. Wood Sci 12(1):52-8.
Rowdl RM, Gutzmer DI. 1975. Chemical
modification of wood-Reactions of alkylene
oxides with southern yellow pine. Wood Sci 7
(3):240-6.

Rowdl RM, Susott RA, DeGroot WF,
Shefizadeh F. 1984. Bonding fiber retardants
to wood. Part |. Thermal behavior of chemical
bonding agents. Wood Fiber Sci 16(2):214-23.
Rowdl RM, Tillman AM, Zhengtian L.
1986. Dimensional stabilizetion of flakeboard
by chemica modification, Wood Fiber Tech-
nol 20:83-95.



