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Abstract — In this study, reaction mechanism and curing characteristics of adhesives formulated with NaOH- and
H,SO,-hydrolyzed chicken feather (CF) and formaldehyde-based crosslinkers were investigated by FT-IR and DSC. In
addition, adhesive properties and formaldehyde emission of medium-density fiberboards (MDF) applied with the adhe-
sives were measured. CF-based adhesives having a solid content of 40% and over were very viscous at 25 °C, but the
viscosity reduced to 300~660 m-Pa-s at 50 °C. Consequently, the adhesives could be used as a sprayable resin. Through
the FT-IR spectra of liquid and cured CF-based adhesives, addition reaction of methylol group and condensation reac-
tion between the functional groups with the use of formaldehyde-based crosslinkers were identified. From the analysis
of DSC, it was elucidated for CF-based adhesives to require a higher pressing temperature or longer pressing time com-
paring to commercial urea-formaldehyde (C-UF) resin. MDF bonded with CF-based adhesives, which was formulated
with 5% NaOH-hydrolyzed CF (CF-AK-5%) and PF of formaldehyde to phenol mole ratio of 2.5 (PF-2.5), and pressed
for 8 min had higher MOR and IB than those with other CF-based adhesives. MOR and IB of MDF bonded with the CF-
based adhesives regardless of formulation type and pressing time were higher than those with C-UF resin. When the val-
ues compared with the minimum requirements of KS standard, IB exceeded the KS standard in all formulations and
pressing time, but MOR of only MDF bonded with CF-AK-5% and PF-2.5 and pressed for 8 min satisfied the KS stan-
dard. What was worse, 24-TS of MDF bonded with all CF-based adhesives did not satisfied the KS standard. However,
MOR and 24-TS can be improved by increasing the target density of MDF or the amount of wax emulsion, which is
added to improve the water resistance of MDF. Importantly, the use of CF-based adhesives decreased greatly the form-
aldehyde emission. Based on the results, we reached the conclusion that CF-based adhesives formulated under proper
conditions had a potential as a sprayable resin for the production of wood panels.

Key words: Chicken feather, Wood adhesives, FT-IR, DSC, Medium-density fiberboard, Formaldehyde emission
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Table 1. Physical properties of adhesive resins formulated with NaOH- and H,SO,-hydrolyzed chicken feather and crosslinkers

Solid weight of CF-AK"  Solid weight of CF-AC”

Type & Solid weight of crosslinker

Solid content (%) pH Viscosity at 50 °C (m-Pa-s)

100% - - 38.5 12.9 400
65% 5% 283 9.1 300
60% 10% Formalin® & 30% 27.9 8.9 350
55% 15% 27.5 8.6 420
65% 5% 42.4 10.9 550
60% 10% MUF* & 30% 41.9 10.5 570
55% 15% 41.2 10.2 580
65% 5% 41.4 10.9 600
60% 10% PF° & 30% 40.7 10.6 630
55% 15% 40.4 10.3 660

Commercial urea-formaldehyde resin 65.2 9.1 200

IChicken feather hydrolyzed in the aqueous solution of 5% NaOH concentration
2Chicken feather hydrolyzed in the aqueous solution of 5% H,SO, concentration

3Formalin solution (37% formaldehyde)
“Melamine-urea-formaldehyde prepolymer
SPhenol-formaldehyde prepolymer
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Fig. 1. FT-IR spectra of chicken feather hydrolyzed in the NaOH solutions
of 5%, 7.5% and 10% concentration (top), the adhesive resins
formulated with chicken feather hydrolyzed in 5% NaOH solution
and crosslinkers (middle) and the cured adhesive resins formulated
with chicken feather hydrolyzates and crosslinkers (bottom).
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carboxyl”] Z LFER = 2 0 &2 7R-g) o] AL-&¥ NaOH 519
S7kek 7 W8 Tk RallEe] A E o] VRt Adet gzttt

3-2-1. 7} A Q) gk

CF-AK-5%¢2} 7} (HCHO, MUF, PR)& #| %3 A E FT-
IRE 418k A= Fig. 1-52F 2t} 3,500~3,000 cm™' ol A LE}
U= ¥ 219 9718 dAF o R taAl H7hel 8 AAEiE
d], o] CF2] amide” ]l formaldehyde®l] 2|8t methylolation HH--
O = amide” |7} {Faghell wheh VRt Ao k. $1H 1,555~1,554 em'!
339 A7]= F7FsESli=dl, ©]+ methylolation WE-g-ol] 2] gt
amine”] 9] T7FE UERE Avjoltt. BgE o] ¥=9] 715 7HiA|
W& 128 27 MUF, HCHO, PF <=2 & UEbsti=dl, MUFS]
=2 ¥ 3= MUFS] /37321 melamine®} urea”} 714 1L Q=
amine”| o4 71918k Z o], HCHO 2| 7%, PFR.U} B2 oF 9]
formaldehyde”} 337}=©] methylolation ¥-5-0] o] #Aigho T 4
UEeRt Aot} gzteit.

Fig. 1-3h= CF-AK-5% %=+ CF-AK-10%%} 7} 3 Al 2 HCHO
T PRE o] 43lo] AT H&AAE ¢bd A3AZ &, st &
45 FTHIRZE 243 Aafolrt, HtAIZ] H&A Q] FT-IR 93+
ANEA 7 vtopgl =, o]= Ao Fu I HAA 74 i
Zke] FEEE o vt Avtet ket g 1,566 cm ol A
vehd 71 =2 9] amine”| 9} amide”] oA 7113 Flo]w,
1,403 cm™'ollA UERd 3] 33= carboxyl7] oA B]S¥ Zlojc} gHA,
2,918, 2,850, 1,043 cm'ol| 4] YERd 3] 3= 7taA| 2] H7FR Qlke]
Y23 methylol”] 7} & 5HE-5-2 31 A4 E methylene 2 ether
Aol A 2z} 7113 A o2 AYZhsie}, $hH, 7ltall ol ARg-¥
2] o] FEE HlwellA CF-AK-10%2} HCHOE ARE-3lo] A%
S AA Y ARl 9a2) A717F AAF ' FokEt), ol
N8 A5 S71e 87 HCHOZE B-d #7193k

SPAAA UER Aste} A7k

3-2-2. sk e] F&F

CF-AK-5%°ll 737 2] A7} o] F- W 474 e] S7tell i IR
spectra X}0] & Fig. 2-4 3} 2}, 3,500~3,000 cm™' ol A 73 314 7}
A7b J&A Q] 9 3= Aas s, ol A E v
chaing 7Frwdllehs @zel sl 2] AkS o] &% CFe] 7h-3l
HEg-o] T kA o] wdy]of] oo A A A O F CF-AK
KU} amide ¥ amine” |7} 7HA3le] YR AutE Azl o] o
CF-AK %} CF-AC2] 3] = 2F0](1554 em™, 1,100 ecm™ )= 7 &3l of]
o]-g-¢ Ako 2 H-E] BAst 710 2 ket

3-2-3. 7k Al W A SkA 8] e sk

AaA o] F48¢1 CF-AKOl A3 ZE CF-ACS 71 A2 PFZ
A7¥eto] Z2A)8 H A S FRIRE #-4]8F 7= Fig. 2-8F} 24},
2,917 em™' 3} 2,849 ecm ol A I 39] A7) 7} AEHA| ko] F7ts}
sl S7Fek =, ©]+= PFY formaldehydeol] &l AAd
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Fig. 2. FT-IR spectra of glue mixes formulated with only 5% NaOH-
and 5% H,SO,-hydrolyzates of chicken feather (top) and adhe-
sive resins formulated with the glue mixes and PF prepoly-
mer (bottom).

methylol”] 7} S 8RE-S-& 3FHA] 212} methylene 2 ether A 3]
wagato] Lpeh 2 © & AJ7hick TR0 2 1,650-1,000 cm™ell4] 2]
5121 Aol skl A7ire] Jolo Zelek 0w Az,

33. B2 MEAlel HEsY

MNAFEAL DA S 0] 4810 C-UFS} C-MUF (Fig 3-3) 18]aL
CF-AK % CF-AC %/ 1 7} A (HCHO, MUF, PF)E A%
8k H2A o] A3 EAS v sl th(Fig. 3-8h). B3k o] 5 Qoksk

A¥= Table 28} 2}

To (onset temperature)i= 24 2] 7 3le] olsle] FYo] Al&h]=
25 ou|slH, Tp (peak temperature)= 4 2141 2] 4317} &5
HaA ddnkso] AlZE = LEE oudit) welA o] F %
7] 21o]Ql AT (Tp-Toye= A% F2HA19] A3} A7k 2wt}
CF-AK-5%%} CF-AK-10%2] ATE 54 °C2} 90 °CE CF-AK-10%
7h Ao g 71 AEAgte] gk 7o Ryt 23 CF-
AK-5%°l 7k A 8] H7h= A EAIRES THAAIZ O, 53] MUF
£ 7HuAI R RS & A|A] A StAIREe] FEeE 7k E ER1
T Ak 18y PRE Zh AR ARESE 2 A4 = To7t 359k
om, Zslel] 71 Al7te] H 3k 210 & el o] PR AHA1%]
e elA 7118t Anfet AJzieit, B o] HakAl o] AsEAd S
C-UF ¥ C-MUF$} Hlw gk A3, 58 Aot &% = 71 AsAzt
o] ot Ao = pEbyl=d], o] v HAA A 2A ol A
eh k= 5A4olth

Table 2. Thermal properties of chicken feather-based adhesive resins measured by differential scanning calorimetry

Resin type Onset temperature (To) Peak temperature (Tp) AT (Tp-To)
CF-AK Crosslinker

X 74.3 128.3 54.0
HCHO' 83.9 136.4 52.5

5% )
PF 193.1 249.7 56.6
MUF! 88.6 135.2 46.6
10 % X 72.9 163.3 90.4
PF prepolymer 67.1 1314 64.3
MUF prepolymer 192.9 212.4 19.5
C-UF 220.2 2422 22.0
C-MUF 189.6 206.5 16.9

'The adhesive resins were composed with 60% NaOH-hydrolyzed chicken feather, 10% H,SO,-hydrolyzed chicken feather and 30% crosslinker on the basis

of solid content
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3-4. HEHEFZ MEE SUEMRER| 2Y

CF A&A2] g E&all& 9 43 SAS A A9E EojlZ
MDF A|ZE 9J3 HaFA| o] F48 02 CF-AK-5% E+ CF-AK-
7.5%, ZA3FA| = CF-AC-5%, 7}uﬂi 2 A3l Row A%
SIATH33]. o] HEAE 4-8-38le] A|Z=¥ MDFe] WEg} &2
7}7} 620~680 kg/m*™ 6.7~7.2% H <) oﬂ UE AOE SHHG o,
o] FYX|= tFFZ C-UFE °o]&3s}o] #|Z%F MDFY U5 (620
kg/m®) 9 $-8-(6.5%)2F T 2fo17F §AAtk. mgh 11 W W g
S Aol digh KS 714(KS F 3200)9] 715 % 350~
850 kg/em’®; E<=-&: 5~13%) ol =A15131th37]. 33, CF 3249
s 7187 flste] Alx¥ MDFe] 87+ % (|3t MOR), B}
L8 IB), FAEEE ]} 24-TSyE 730, 1 A=

H&A ] A zof] Qlo] AFE-F CF-AK % PFQ] 57, AghzxAol
e} theFstlon, 1 Ad= ofefi g} ot

3-4-1. 5 47 VEelEe] I

CF-AK-5% 3= CF-AK-7.5%% ZA|3t H&AAZ 8847 A
%3 MDF2] 4 MOR 11.5 N/mm?2} 10.5 N/mm?, IBE
Z7 BFA 0.4 Nmm?oZ BA8M5 0 2 2jo]7} YIS THMOR:
p=035; IB: p=049). 1211} CF-AK-5% 7 &) 2 A 2§ MDF2]
24-TSt 23.3%% CF-AK-7.5% 2|2 A|3=5t MDF2] 24-TS<1
27.7%R.TF EABHA © 2 Gkl o v (p = 0.01), Wb HGekAA
5ol CF-AK-5%8] ARgo] 2318t A1 0 2 AJ2}3itt. CF-AK-7.5%
A Z A Z3F MDF2] 352 24-TSE= 7128k 20| 71-Esl| =2
CFe] Aol A ZHAso 2x] v 2pA)|7F 7R 1 Gl 1L
o Haso] AstEo] Vehd A¥er 4=, mebs CFE o]
G5 AR G 2A Aol Q1o 7% F% ©17d2] NaOH &5

o]-&& 7k el =] AR Al Eofok & Ao w2 Azttt

3-4-2. 7} A| = AHE-E PF EH] 2]

UHE TS 7102 60%2] CF-AK-5%°1 34 10%2]
CF-AC-5% 12|31 7} A2 30%2] PFE ©]-g-5ko] ZAI%H 54 24|
ollX] PF2] formaldehyde$} phenol®] &H](F/P)7} 5 2Ha-oll Bl A&
FEFs 2K flste] PR F/PE 2.07) 255 EE]ste] A8t
At WA PF-2.03} PF-2.5% ZA8 AZ A& 4 &ato] 2| %3k
MDF2] MOR¥} 1B Z+2Z} 11.0 N/mm?, 0.4 N/mm? “2&] 3L 14.7
N/mm?, 0.7 N/mm*& PF-2.5 J&A| = Zi%*lﬁ Az MDFel|A
= TH(p = 0.01). 24-TSS] -9, PF-2.0 & PF-2.5% ZA| 3t 32
A2 A Z3 MDFollA 22} 23.0%, 21.5%% PF-2.5 H 2415 4
SAIA A|Z8 MDFeA S9tthp = 0.02). ©]9} o] PF-2.5% &
A AAA S HEA A AZE MDF] i 9 X|4=qbd o] £
3 o]l = 7t Al 2 AFE-E PFOA] W2 9F9] formaldehyde”}
AFEE 0 24 A3l3gdol A CF-AK 2 CF-ACS} W2 7w A go]

wAysto] vl Azlel Azt

3-4-3. AT FF

o okA| 7o) MDF2] MOR, 1B, 24-TS¢ll W] X|+= ¢3S A} st
T}, AgAITEo] Aol met BE EAdo] IEE Ao

<}

Elst ol & B, 652 AUAIRFO R A ZE MDFS] MOR, 1B,
24-TS= Z+ZF 12,1 N/mm?, 0.5 N/mm?, 24.5%°l| 4] 832 72
14.7 N/mm?, 0.6 N/mm?, 20.0%% E5F ZA8H4 o 2 Z7}3)3ict

}olE ol g3t Alxst TURAES] A

g

p 391

d

(MOR: p < 0.01; IB: p = 0.04; 24-TS: p < 0.01). 0]} & Ap=
APz 913} $| CF-AK, CF-ACS} PF 7+ 7fwd st e
7} 57Fslo] MDFe] A5 B! A5ebdAfo] @ 210w Azsitt,

3-4-4. PFS] F/P =12} GUAIRES] A é%
kA 7l A 2 AREE PR F/PE 2.0} 2.
eI 7E] @14©] MOR, IB, 24-TSel| 7] A]=
Fig. 49} 2T} CF-AK-5%/CF-AC-5%/PF 3 ZA| o4 PF-2.0
23+ H2A 2 A|F3 MDF2] MORY} IBE
A ¥kt 18} PF-2.55 AFE-SH HAA R A 23 MDFollA =
AIATES 6iEellA 8 o2 S7HAZE W, MORY IBE= S7tst
21, MOR Rlo] FAIEHA 0 % xto]7} QliTt. $HH 24-TSS] 7
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Fig. 4. Interactive effect of molar ratio of formaldehyde to phenol
in phenol-formaldehyde prepolymer and pressing time on the
bending strength (top), internal bonding strength (middle) and
24-hour thickness swelling (bottom) of medium-density fiberboard
bonded with CF-AK-5%/CF-AC-5%/PF adhesive resins.
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17P°ﬂ*1 PF-2.03} PF-2.5 kel 2fo17} Gl 21 €R1E = Sl
F AZA 2 A Z%¥ MDF] 54 t) 2] C-UFE A %3t

MDFA =2 X (MOR: 11.9 N/mm?; IB: 0.3 N/mm?; 24-TS: 21%)%}

H| 3k A3}, MORY IBi= tf-22] 7oA =9k oLt 24-TS+=
PF-2.5% ZA3F A& = ARE3kar 8871 G ekste] A1 %3F MDF
off Rt W& R0 7 FAREITE o] 7YX E KS F 32008] 71+
H 23S u, IB (= 0.3 N/mm?)= B8 204 7155 AH3)s8t
9 o1}, MOR-E CF-AK-5%/CF-AC-5%/PF-2.55 A}-&-&}1. 8%-7F
Atslo] AlZ3F MDFE A93ka 715 15 N/'mm?)S TH5314]
L3I} H3E 24-TSE BE 2704 KS 715(< 12%)S W53}

2] Z3k3iTt. Z18u MDF AlZA] 2] {3l e g ol A o
A IS sk A2 Ao H7FE = wax emulsion®] %S 1%
oAl 2%= 571 74 MORZ} 24-TS7} 34 A1 o 7 AYzts)
u], o] thst 7} AFE FaA T o Yot o] 9] ?‘M%—O« 8%

oA 10%= S A, 7taAl 9 kA1) 7 S7F, a8
19) Fa152) Crol thslol 447 e 208 B 47
T 1Ao7 F8in]o]ol 8k 71 0 7 AYztsl),

3-5. BULIS|E Lo

Table 3> CF &A1& o435l |23k MDFS] &&t|3] = Ho
AFF(HCHO-E) A& vebd Zloltt, 114 MDF #lzel| 3] C
AZA 9] AME-2 C-UFE A %3 MDF2] HCHO-E 2 3}$} H]E’_
o] HCHO-EE A 7HAA1ZTh d9A17ke] HCHO-E®ll WA
s ZAM @4 CF-AK-5%/CF-AC-5%/PF 7 24| & 2] g~
7)a1 88-7F A gtato] A %3 MDF2] HCHO-E7} &¢k=1]. o]+=
8k A9k #4380 24 MDF % ollA 3174 3} (overcure) &
‘o] WAyt vebd A¥tE 7@k v, CF-AK-7.5%/CF-
AC-5%/PF &A1 5 AHE-8taL 837-2] ik 2l8-sto] Alx3h
MDF&] HCHO-E&= i 2] 0. & wghi=t], 27|l A 153 nfs}
o] CF-AK-7.5%= ZA|$t 4 2HA| 2] 49 st 73l vES-
O & CF-AK-7.5% S 7t A 9ke] AE-& 350 CF-AK-5%%
ZAE A R U2 dolUR| 2] FFo] Badt dAlE F7st
Fogo] WhAYEEA] ko HCHO-EZF Wt Z1 o0& Az}, sk
AYAITEE 6 0.2 TS AFEloll A HarA e A % CF-
AK-5%% AFE-810] A3 J2A 2 A 2% MDFS] HCHO-E&
PF2] F/Poll kS WA 9ok o1}, CF-AK-7.5%S AF&-3}o] 1zﬂ
Sk H2A 2 A Z¥ MDF HCHO-Ex= =2 F/P2] PFAA =

drlrgL'

<

QA - QKBS - T

R0 vhebstt.
oo wx A zbkA 7| 2hA3)

ol 2 doto g FH3 AofUx|7} FHEHA
Z3}E] 2] okol vERd Aze) Attt
HCHO-E A¥}= ZF33pA, MDF #A|=%0] 9lo] CF H&A|9] ARg-&
HCHO-EE 37 #arz e, o] 4715 EUlZ MDF Al2E ¢
st CF 2|9 48 7S 291E 4= QI3ltt

13 2

.

B Ao A EARAMEQ] CFe] &zte] W AL TR Ra) B
7} A4 (HCHO, MUF, PF)% E3kste] A 42 A 2] FT-IR 2

H
DSC #4& Falo] CF G219 wh8714 3l ABE4 S 2k
o), 0] A §A|7 A% MDFE] B4 3 FvIs|= W
o

=4 A5 EOE CF A9 5844 WA AxE sk 24
P AR ZA A8 7Fs73-& Rl

7t A E MUFS} PFE ARE3te] A8k CF A 2HA1 2] 13 &
3Rl ok, deellA AnbA o' Tt of
Aol ebA FAZAE 50 °Ce] LT B Ao] BR3Ile
v, 71 25oA S5 A== rtaAle] SR dEslo] 300-660
mPa's® S E 0] B AEE Qeh= A JAAR Ao
7Fsdt A o2 ZAME et A 9 s CF A 2A o] gl FT-IR
A& Bato] 7hitEl] Z23dol W CF 7Rl &) Apol, F¢
tI8| =A] 7FA 9] Abg-of] T2 methylol”] 2] -7} Bl S3Hg-&
I3l $H DSC 415 F38te] CF A&7} t 272 ARS-
H C-UFY) Hl@dlo] & Joke s = 7] Aspa|7to] A3t A
O 7 ZAFE T} CF-AKS}F PFE 43 W &S 48417 A%
8k MDF2] 548 57438t 23}, CF-AK-5%%} PF-2.5% A8 A
2| S AL 8] HAAIRES A]-g-8to] A|Z=St MDFoIlA =2
Z o7 ZAFE S 2, HCHO-E 3k AtrIzte] A7gw) s zdnk
o7 Z7FsISitt. o] A¥E C-UFZ A% MDFS] 5749} 1]
W&t A7} MOR IBE T2 27 224 1l At Z27d0lA =%
O}, 24-TS= PF-2.5% ZASh A1 S A8k 837 Aetsto] Al
%3+ MDFol| ARt v 742& ZAM"*E} o] A& KS 4%
H 23S o, IB= B X104 7IEE 438k 01, MORE
CF-AK-5%/CF-AC-5%/PF-2.55 AM-3FaL 8-t Atato] A3t
MDFE Al 2|8}l 71 715 WhehA] S8h9lth. 24-TSe B &
oA 7)Fg wEEHA] ZeFgith. 12uk MDF Al ZA] BEo] =
BUEE ol Ui 3E flste] Aol A7k wax

LT 40%E

Table 3. Formaldehyde emission of medium-density fiberboards bonded with chicken feather-based adhesives

Adhesive composition

o 2
Main gradient Hardner Crosslinker Press condition HCHO™ (he/L)
CF-AK-5% CF-AC-5% PF-2.0 190 °C/8 min 8,288
CF-AK-5% CF-AC-5% PF-2.5 190 °C/8 min 1,121
CF-AK-7.5% CF-AC-5% PF-2.0 190 °C/8 min 223
CF-AK-7.5% CF-AC-5% PF-2.5 190 °C/8 min 410
CF-AK-5% CF-AC-5% PF-2.0 190 °C/6 min 203
CF-AK-5% CF-AC-5% PF-2.5 190 °C/6 min 225
CF-AK-7.5% CF-AC-5% PF-2.0 190 °C/6 min 243
CF-AK-7.5% CF-AC-5% PF-2.5 190 °C/6 min 443
Commercial urea-formaldehyde’ 150 °C/5 min 19,015

'CF-AK: alkali hydrolyzates of chicken feather; CF-AC: acid hydrolyzates of chicken feather; PF-2.0 or 2.5: phenol-formaldehyde prepolymer with the mole

ratio of formaldehyde and phenol

2HCHO-E: formaldehyde emission measured by the 24-hour desiccator method

3This resin is currently used for the production of medium-density fiberboard, and was obtained from Seongchang Board, Inc., Ltd
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