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Effects of Ammonia Solution Concentration on the
Physical and Mechanical Properties of Flattened Bamboo
Board from Moso Bamboo (Phyllostachys pubescens)

Shi-Yang Wu' Tung-Lin Wu? Jyh-Horng Wu®

[ Abstract] The purpose of this study is not only to investigate the effects of ammonia solution concentration on the physical
and mechanical properties of flattened moso bamboo board, but also to evaluate the flattening yield after flattening treatment.
In addition, the changes in crystallinity index and functional group of bamboo were also determined by X-ray diffractometry
(XRD) and attenuated total reflectance-Fourier transform infrared spectrometer (ATR-FTIR), respectively. The results
showed that the mass loss, flexural strength, surface color change, and dimensional stability of ammonia pretreated bamboo
were higher than those of untreated one. In terms of the flattening yield, when the ammonia solution concentration was above
20%, the flattened bamboo board exhibited a better surface quality, and the flattening yield could reach to more than 95%.
Moreover, the crystallinity index of flattened board increased with increasing the ammonia solution concentration due to the
degradation of non-crystalline polysaccharides. The specific signals of bamboo hemicellulose decreased significantly after
pretreatment with the aqueous ammonia, as revealed by ATR-FTIR analysis. This result showed that ammonia solution could
degrade the components of bamboo specimens during the flattening process.

[ Key words] Moso bamboo (Phyllostachys pubescens), Flattened bamboo board, Ammonia solution concentration,
Physical and mechanical properties.

VN AP R AR R SR -

Graduate Student, Department of Forestry, National Chung Hsing University.
? BT RS R SR A

Postdoctoral Fellow, Department of Forestry, National Chung Hsing University.
* B PR BRI R BT o SR -

Professor, Department of Forestry, National Chung Hsing University. Corresponding author, E-mail: eric@nchu.edu.tw



2 G RBHER  SLEE

AFE T2 FOREST PRODUCTS INDUSTRIES Vol.35 No.1

IR

BRI A BT S B BT AR T Sk
oA Je AR B IR B R 50k - MuE ST A% -
i BERPTEEAERR - B 5~ EEs U
BIFEE R BUZRIERN B EEES
BILEE - MRk 25 - EREM T TS
BHATHAER o Rt Em N ER 2R 5T
M EE AR - Bl - G877
# A 2 AR DL 52 71 ( Phyllostachys
pubescens ) ~ [ift7T (Dendrocalamus latiflorus ) ~ ¥%
1 ( Bambusa oldhamii ) ~ ¥E1T ( P. makinoi ) ~ £4%
1 (B. dolichoclada) JZHllYT (B. stenostachya ) =
T o Hep o HIREFETTARBES - WIbEA
BIFz T BinEERaEARRS PN
FoRT R EEM . — AR C HEEAE - Fy
LUEIE R BB EN Vi (200 » 2014) -
PRI > IR IRIRZ [RA 22 B AR AN - BT
TEFI P FEEA: TREZ6IRE] - (Kbt - BT
IR AT - ADRFT#FTR (L. (Softening ) »
WG EEE A AT TR > A AT DR ek
SR BHGK - JRREcE HA R R M S
HEMIRTH A i FIFHER - [FIR ATEETTA I3
3

—MIMS - AR R B T RS 55
PP R A EEWaRE Ji = o ARV = rh o KB R
HEH b Tz — - BRTER LKA
Bua B o (LR AKORE B G R A e R
(Cellulose ) FEFSALIE ~ 44EEZE (Hemicellulose )
JAEF (Lignin) [ S SGCR - I
Gh o ARIEFRAL TR F e L] (Plasticizing
agent) MY » FEESACRAAFE - 7kt ikdb
A 80—200°C [#] (Parkkeeree et al., 2014 ) ©
T fb B2 i B U - BEARA VB &, ~ &K - &SR
nifi ~ SEMINEE ~ IRFE ~ W=BE Y8
FAEHRIGE TR 5 Hor » AR SR
Mz ireiaE: (AR » 2010) - HFERIR
RZ BRI - B T REFLAN T = KAH
VRSN > IRRERBCEREAE R A o & 2 S T
MER R o KL - ARWFFRRIDA G SR bt
b FHA IR 2 oK B TR (e BT
T EATIRBAN > BRI RN R R I T R B
VIE R 2 e B T ERPEE

(Flattening yield ) #EFTFME -

I~ MREE IR
(1) BBkt

L. &F=7T

BHER B R EBRME B K SRS 16 AR
L Pre s 3 A - SRR - Shsr i AR
BIfE - B EEHETEN - 2% SEEEK
KA 5 em HESRIREE 15 ecm DL 2SS F]
M WG EEREETRSE o iRy o UL
25 1120 B LB 78 IR L 1/3 &
WY 15 em 2T TR -
2. %7Kk ( Ammonia solution, 30% )

HH Merck fLERA Rl S MTilGAZE -

(1D &ABa5ik

1. Z/KEEH

KA R RITI R HZFF TR - PR /K
HR ERERAKIANT » 2 BB AR 10%
20%f2 30%.Z @ /KA 48 h o FEILET TR AL
% o WhHE TR
2. ik e i

AR RAZUEAE (Hot press ) 43 HIEHFSIRE
10% ~ 20%J% 30%: 52/K e FAH Kz S /K e B
HEORH R e TR A R - BURRIRLE RS 180°C - IRFfH]
R 60 min o SRS ER B 2 T R IE A B |
ARSI E FERIANE] - 43Rl s R 2
BT SS  DUETTER » Preaims] SR mR
NEMI > VT T R R BRSPS
W 1 min FYFEHEL > BIRTARISET ot Thies - i
H5E 2R, 0 DL S MPa 2 B JHES TR » L
SERTERR 2 30-40%EHE=*: ( Compression ratio ) e
HEIE TR o NFFRSIREE N ETT R AW
Al > FEEWRE RS 50°C DL EIA] R RERHES,
M CRAEEE - 2014) o 2% - EHEH R GE
J2 20°C ~ 65% RH 2 Bil5d i 14 K » DAiE24E
TR R A

(1D MBI
L. PIEEEE AT

(1) JigiER
R 150 mm ZPTHEAFIERY 20°C ~ 65% RH



IR IR = TR R - fob T B S R
AR IR © Bed AR T B - SZRIHI R R
P 5 BEERE - AR N AGEHRBU R -

AR (%) = [(to—t1)/t] x 100

At to FE T RS 5 B EEE
(mm) - t, AIREF PR, 5 B HEE
(mm)

(2)

A E YR 150 mm -~ T 10 mm 250
ER 20°C ~ 65% RH (ZIRGEARE TP R I E
e B & - g HLPGRIE HatE (10
sec WSERGHITE ) » MARIERH RGN REZH T -
(3) HEHAXK

SRR B AT AT R KT
AR EREAE -

HEIR (%) = [(Wo—W1)/Wo] x 100

A Wo BRI ERTH A AR E R (g)
W, RRPRHE R AR ER (g) -
(4) 24 h R/KHR R /KIE IR R

A EY R 50 mm ~ 7 20 mm Z5KF
EfR 20°C ~ 65% RH (IR = TP RN E -
[pfE EARRE 3 % MHHNERL 3 B SRR R
B - 2% RKEAKTEA 20 £ 1°C 2Kk
E AR RSEUKIAT R 25 mm > GERIRFHAIRS 24 h -
HE S Rk R R f B R % > AR A EH
AT B KK R RERIR R -

kK (%) = [(m;—mp)/mo] x 100
AR ERZARR (%) = [(t—t)/to] * 100

A mo Bk EE (g) > my Bk
FrikizsBEg () Bl koKl 3 B
B (mm) >t Bl kokike 3 BERHER
(mm) °
(5) WkE M5 ( Springback )

B EYIE R 50 mm ~ 2 20 mm 25 R
EHA 20°C ~ 65% RH 2 IR IR = i #E B E -
FAMTE EARC 3 B> WHIELL 3 BRZ R - ek
B TR IR R 2 7 FEE BRI, 7 3R R e 7K 5 P B il
gl J7=0 - 172275 Kutnar Jz Kamke (2012) ;2
F= T RS 2 R R -

JE AR (%) = [(t—t)/(te—1;)] x 100

ot BITMEPETZ 3 BARHERE
(mm) > t; BTREAIZKETZ 3 BFEEE
(mm)> ] t RIEITRFNGE 24 h gk 3 BiF
HEE (mm) -
2. PUETRIE KU ST

AGREEZ5 CNS 454 (2013 ) (2 fgnHIEEdE - &t
M EY R 150 mm -~ B 10 mm 2315 B
20°C ~ 65% RH 2[R A 52 s sg B e > Sl
EHERE - RE - WENEE - 2% MTHHEY
o DEAFEE 14 52 8BS 7 mm/min 2
P EE T O SR TRk E T A - RUsE
W R R B I R AR A B B & WK LR
ST U R R U A R -

MOR (N/mm?, MPa) = (3PL)/(2bh?)
MOE (N/mm? MPa) =APL*/(4AYbh?)

o PR RHE (N) > L &R (mm) »
b Bl RE (mm) > h BEFEE (mm) AP
BIEBIFREE A b Rk B MR E s 22l (N) »
AY 5 AP Rz Esiprp e S & (mm) -
3. KHBEAEEL
R ES AR Minolta CM-3600d (Japan) 7
72T (Color difference meter) #EfTHIE @ YEIR
55 Des > HIGAEFEACRS 4 mmo WA 107 HIELEE
R T A IER AT o WL LT a R
b2 BB B  ARHRBIRRIEB 7 & T 2. CIE
LAB (082 » 55315 AL~ Ad” ~ Ab 2 AE”
Sl - HEEAKAT ¢
AL'=L"—L"
Aa" = a*l *a*o
AL =b"—b
AE"=[(AL"Y+(Aa")*+(Ab") "

o Ly~ a'o Jo by S RBIE R BB TE A
CIHEE ~ AR S IE M EESEE - L)~ o' K
b, AR R EERI A EA B ~ RLRRS B S,
TEESEE - [T AL™ ~ Ad 2 AbHIRETTRI%Z
L'~ a f b - AE RIFS thz=i -

(IV) X-ray #5+ (X-ray diffractometry, XRD )
ST
A B RO MAC science



4 G SHFER  SLEE

AFE T2 FOREST PRODUCTS INDUSTRIES Vol.35 No.1

MXP18 (Japan) .2 X-ray SESSERHET /0T © 704
2 BESREREE 100 mesh ZHTHRA - 43T
FHEEEES CuKy (40 kV > 30 mA) » Fiiditifg (20)
R 2-35% SRS 2%/ min [T AT ARG -
RIR T G 55 A1 o2 #HE 3R A5 G B2 18 3
( Crystallinity index, CrI) »

Crl (%) = [(loox—Tam )/002] % 100

> Toon FEREAESR 002 AEEGIALL S AHER
J& (20 =22°) > M1} Law HURSHEAERIERG AL I R
R (20=18%)

(V) 2T BERHART SO EEE (Attenuated
total reflectance-Fourier transform infrared
spectrometer, ATR-FTIR ) 4347

AL Perkin-Elmer Spectrum 100 (UK ) {5
VL TEEART SO (FTIR) » #5002 SO =
(ATR) [ - HIE HRER Bl o S3HTZ iR
PRIEE 100 mesh 2 PTAK)R « S HTHFFTER FH i R
MIFERS 4 em™ > fEf R 32 R SRl
( Wavenumber ) #i[E 2 4000-650 cm™ »

(VD) #eatoth

AR SAS et RmtE T BT
( Analysis of variance, ANOVA ) » 3% Scheffe f5 ¢
(Scheffe test ) » Fdi£5AHM 2 2252 0E ([FHAEMR
95%) °

I ~ AR
(1) Ve

1. JRAER RS

il 1 TR FR A R KB R AP 122
JRRAER R > s R e DAEEER > SRR R
e AH o JARE R 28% » {RIATHR(HZ 30-40% > H.
ELZ K R B IR 2252 - 5991 RKIRE S
7 e BRIAR RARE S R R > B R =Y
RRITTTEE FRR AL IR, o T bt S et L R e
TR R > FEERR T /KT HE DU AGRMER
ZAGELE 2 AL TR EE T > K IR B
X (CBRFETRE) » MRS < &
T o TSR A ROt R R R HEREE -
PEah > R H > BoKERMEZEENR
1248-1309 kg/m’ [ » =HH I MEREE 725 « SR{f >

SREEUKEET > B 20%EEHS) o L IR
AR T2 A2 - fR% Kutnar 58 A (2008) Z#its
fart o B2 % B R R A T e -
MmH - MRBRAESE A (2014) Z8REFH - 1T
M2 BN R R BRI B IR T - AR
JRZRHT (572-817 kg/m® ) » #9311 T 57-108% © 9K
MM AEAGEREE T+ /K A BT A % 2
BLAGANEEE o CHER bt e B RE AR TR AR

= ey
i BEFPTEY -
50 2000
m Compression ratio O Density
L 40 - A a
< 8 A 4 AN BEC
2 B p I
S 30 - 2,
c =
Ke) 1000 =
2 2 &
g 3
Q w
£ 500
o 10
0 r r r 0
Control (0%) 10 20 30

Concentration (%)

1~ FUKIRREET FRBHASURRRFAR S % s
Fig. 1. Effects of ammonia solution concentration on
compression ratio and density of flattened bamboo
boards. Values are mean + SD (n = 6). Bars with
different letters indicate significant difference (p <
0.05).
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Fig. 2. Effects of ammonia solution concentration on
mass loss of flattened bamboo boards. Values are
mean + SD (n = 6). Bars with different letters
indicate significant difference (p < 0.05).
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Fig. 3. Effects of ammonia solution concentration on
water absorption and thickness swelling of flattened
bamboo boards. Values are mean + SD (n = 6). Bars
with different letters indicate significant difference (p
< 0.05). * p < 0.05, compared with control. WA:
water absorption, TS: Thickness swelling.
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Fig. 4. Effects of ammonia solution concentration on
springback of flattened bamboo boards. Values are
mean + SD (n = 6). Bars with different letters
indicate significant difference (p < 0.05). * p < 0.05,
compared with control.
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Fig. 5. Changes in thickness of flattened bamboo
boards after water soaking. (A) Control (untreated),
(B) Treatment with 30% ammonia solution.
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Fig. 6. Effects of ammonia solution concentration on
flexural property of flattened bamboo boards. Values
are mean = SD (n = 6). Bars with different letters
indicate significant difference (p < 0.05).

(1) FmmeAtE(t

% 1 BYTAHNIR] Y K R H B R
e RMEACEMLIER > RFEPATLIEA > &k
FRBAE S AL AR B A /R iR & IR (-2.9)
1 > BT Gk TR B S s 2 FmiEd
GBI - LASIER Miklegic %A (2012) ZiAER
FEEARDL - 341 > oK AL ERISEIHEE S %
P =K ALEFES-10.9~-10.5 - L MEEUKE
B AR R B PR Aa PR IEAE » BREMAR
oK% R ORAL » TR [FEE
BEAH.S Ad'(HEGEE L - IEA) - BIIEAE AD EES
0.8 » HHEAES AR A -7.6~-6.6 » B ARG /KB
% EMC REEORE - HREE/KEE 28
I - S3—J51H » R AETERS 9.2
HIEER AR FEA (14.1~14.6) » BETAKG/KEEHI%
Ik RS SRR - b LU L
(.2 SRR TS i AR b SR TR e
ZIRK > ATRER A BLE A 2 gl 4 I E A B
(Mikle¢ié et al., 2012 ) -

(IV) AL

B TR E/KEEETTRBANBSRRR 2
2 KBz Liu A (2013) 280k 1R1B
VM P RIAIREIZE > 5T 51 =
Al Type 1 BT R 562 AR R A B A8,
PR BREETERE AR > HEERHREERE
JEZ 172 3% 5 Type 2 BRZRRGERL/ NN HE 2 1/2
¥ 5 Type 3 BT e (] SR - Fod > Type

1 RS R AR S H - 1T Type 2 J¢ Type 3 /@4
R T AR AN RS R 3R ((Flattening
yield) o FHZE 2 HhZ GRgAa S n] DA > IEMEEIK
i P SERERE 5 T » LA FLSREERS 93% 0 {H Type
1}z Type 2 PrBif L3R5 7% 5 40% » BER
TEARRRZKEEERITEDL T » B 7T R BAAsR
ﬁ 5 FERES AR « HEALER IR S A

RERARAR R BE B Z TR WAL BN S
iﬁz 57710 > ARHZUKATERE > R BRHE] i
=ZE 95%LA F o AR - ERREIRETE R 10%I5f -
Bt s e EIH R 2 15T (Type 2)
s M SUREILIBE T » UK ELEUR

ELHERA EZIE% KL BRI TR R
HIERAR 2 (BT > Ruk 2 m RS FEAERAE 20%
PLE -



1~ ZUKIREETIRBAN R AR (L 8

Table 1. Effects of ammonia solution concentration on surface color of flattened bamboo boards.

Concentration (% ) AL Ad" Ab" AE"
Control 29+0.8% 8.6+0.6" 0.8 +0.3" 9.2+0.3"%
10 -10.5+0.8° 6.7+038 -6.6 + 0.4° 14.1+0.7
20 -10.9 + 04" 6.5+0.3" -7.0+0.25C 145+ 0.4*
30 -10.7 +0.4" 6.4+0.3"% -7.6 +0.4° 14.6 + 0.4*

Values are mean = SD (n = 6). Different letters within a column indicate significant difference (p < 0.05).

7 2~ FUKIREHITIRPIURT R P E

Table 2. Effects of ammonia solution concentration on flattening yield of flattened bamboo boards.

The number of samples (n)

Concentration (%)

Flattening yield (% )

Type 1 Type 2 Type 3
Control 1 6 8 93
10 0 3 12 100
20 0 0 15 100
30 1 2 17 95

The samples of control, 10% and 20% ammonia solution concentration were replicated 15 times.
The sample of 30% ammonia solution concentration was replicated 20 times.
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Fig. 7. Effects of ammonia solution concentration on
crystallinity index (Crl) of flattened bamboo boards.
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Fig. 8. ATR-FTIR spectra of bamboo and flattened
bamboo boards treated with different ammonia
solution concentrations.
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