La)E8E 2017, 45(5): 599~612 pISSN: 1017-0715 eISSN: 2233-7180
J. Korean Wood Sci. Technol. 2017, 45(5): 599~612 https://doi.org/10.5658/WOOD.2017.45.5.599

A (Original Article)

o - o] H71E AR EAF A A3t /b B

F -k A T

Investigating The Potential of Human Hair Produced from The Beauty
Parlor and Barbershop as a Raw Material of Wood Adhesives'

In Yang® - Sye Hee Ahn*'
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2 AT 1] - ol goA HER WAEE JR(AE)Y NaOH 7HidlE, &4 #H71=¢ 39 HS0, 714
3L phenol-formaldehyde prepolymer (PF)E 7tuA|2 E3}sto] HAAE Ak, o] et &4 2 4
FEEHE SHEAE ko] AR HAWSAE H2AY AR 7HeAS gelsty] fiste] =3skGlth ddne
80% ol4fe] AlkelA Tl AE o] glow], Bl FHaFo] 0.1% ujgko uj$- Wokh olmol shiE Tl
o] Al 71e-H| glutamic acid®] §FaFo| 71 =9kom, th3- 0 2 cysteine, serine, arginine, threonine =02 ZALE| L
o} QIEE olgsto] 2AIFE A0 PR TRk 1m o TheEs| 27 9 PFO| FRel wet 33 - 41%2] HY N
omn, Hwl ALof| A 300-600 mPa - s2 HALE FHARZA ALgo] Aset Aoz 2AEAL HAA| 9] Yade
H|ws}7] flste] £33 AhEEal&S 5% 522 NaOH =84 HH-AIZ] QIH9] Zh=iallE, 1i& s
71202 5 wt%9] HSO.F ol 7sto] WHGAIA 2u]gt 7hpiellas A7isto] AlRskar AR F2HA ol A
=9Itk ?HH, PFOA F/PY] Erle G4E-88lieol] 9% vIAA gsith olgA A" H2HAY dsE8des
QA EAWIA Alzoll ARSI Sl AREEA TR vk A, 30 wt%o] PFE A% 1 H2A =
Aoz g4 pAHEG 32 Ao7 AR Te|uh PFO S 35 wi%e 74 S7HZE o, deE8eies
[EFAE A Aston, Herl-2 4420 Hdths AoR2 A o9f 22 AYY okgd] AAEE
HARE AR, A zoA TheEalit Q1Ee) ZtuAlR 35 wi%ed] PFE 2AIG Qi JAAl= 5 A8 FEA
£ g0l 7t Aoz wkdch

ABSTRACT

Human hair (HH) is produced as a waste from beauty parlor and barbershop. HH-based adhesives were formulated
with NaOH-hydrolyzed HH, H,SOs-hydrolyzed chicken blood (CB) and PF as a crosslinking agent. Physicochemical

1 Date Received August 15, 2017, Date Accepted August 31, 2017

2 ZEgstn =AY NS ZA)Fo]|2st}. Department of Wood and Paper Science, College of Agriculture, Life &
Environments Sciences, Chungbuk National University, Cheongju 28644, Republic of Korea

3 )tofstw AgEA o s AR} EM} Department of Forest Resources, College of Life and Environmental Science,
Daegu University, Gyeongsan 38453, Republic of Korea

T A1 2K Corresponding author): ¢HA|3)(e-mail: shahn@daegu.ac.kr)

- 599 —



%F ol - e

properties and retention rate against hot water of the adhesives were measured to investigate the potential of HH as
a raw material of wood adhesives. HH was composed of keratin-type protein of 80% and over. Ash of less than 0.1%
was contained in HH. Among the amino acids included in HH, glutamic acid showed the highest content, followed by
cysteine, serine, arginine and threonine. Solid content of the adhesives ranged from 33.2% to 41.8% depending on hy-
drolysis conditions of HH and PF type. Viscosity at 25C ranged from 300 to 600 mPa - s resulting in a sprayable
adhesive. Retention rate against hot water measured to evaluate the water resistance of adhesives was the highest in the
cured resin formulated with 5% NaOH-hydrolyzed HH and 5% H,SO.-hydrolyzed CB. Meanwhile, the molar ratio of
formaldehyde to phenol in PF did not have a significant impact on the retention rate of HH-based adhesives. When
the retention rates of HH-based adhesives were compared to those of conventional wood adhesive resins used for the
production of wood-based panels extensively, HH-based adhesives formulated with 30 wt% PF showed lower retention
rate than commercial urea-formaldehyde resin. However, when PF content was increased to 35 wt%, the retention rate
greatly increased and approached to that of commercial melamine-urea-formaldehyde resin. Except for the results men-
tioned above, the analysis of economic feasibility suggests that HH-based adhesives can be used for the production of
wood-based panels if HH is hydrolyzed in proper conditions and then the HH-based adhesives are formulated by the
HH hydrolyzates with 35 wt% PF.

Keywords : human hair, chicken blood, wood adhesives, crosslinking agent, retention rate against hot-water ex-
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1M =2 A7) BAS DAY 5 i ofe Wk 7hed) A
ISR, ALY 718 W BARS Hae] 98
THollA A== T gEERE, et 2 2 olgst= A7 ¥ 7Evide] AXSE FHeR
2 B = tREE a4, "Weyl-as, gEs 1990ty HHE 2&EHoE AP= 9ot A&

1=}
AZAE A5ty Qioh 18 E9, Tt (Kuo 5, 2001; Riebel 5, 1997; Steele
o

U | FEREAYS S, FHo ToEHEY o> 1998; Yang -5, 2006a; Yang 5, 2006b; Yang
AFreY St n2 71 E3AARY ofs), FYdstol 3, 2005), ©<=3kE(Christiansen®} Gillespie, 1986),
= EEAC] tigk BRI 14 5 siFslor & 2 1d(0Oh 5, 1994; Yang &, 2007; Olivares 5,

A7 = Aol o]2dt 4
v Fofl gt Fdstel= WET =
ot A (KATS, 2015), FH&HA] Alz28]-8-2 s
Aoz et B3t FYdsiols W& #d
o], International Agency for Research on Cancero]| 4]
Zdtstol=E da TdEEE HEsH AR
235 Zes] daskal Qe AAOIHHIARC,
2004). ole} o] = FeHEEAR]O ZHAAEAY
ofgl 9l Ao FHHstols HEE A%
o] Aol th-g3t7] fIgt 7Is ANde] Hagh AlQ
oA H2HA A2 H=ro g gEIF golsta,
o5 o|gslo] AxF HHAWLAY Fdlstel=
W& 2asrt 7Fse W2 el dig At
Za/do] thFHIL Qlrk

lo 1ir

1995), B (Barbosa 5, 2000; Moubarik 5, 2010)&
A YRR olgsis Wl 22 ATEoL,
o] AL Hfatstd AAAe} uastel We
2 7o} Uad TRl Ak Agees 2y,
ST e H7] 5 o83t JAATe] ¥ e
o] golgt U Lol Fg3tE o] = Aol
(Pizzi®} Scharfetter, 1978). =Wl A= HZFA| Ak
7he] A3 flske] FFH[A(Oh &, 2008; Yang
5, 2009; Yang 5, 2009), F-A¥H(Yang 5, 2014;
Yang 5, 2012a; Yang -5, 2012b; Yang 5, 2011a;
Yang -5, 2011b; Yang 5, 2010a; Yang -5, 2010b),
79| 5 4==(Ahn, 2015; Yang 5, 2013)3 22 A%
4 7Y kS YRR HRAE Azt 7]Eo]

AEE AT 22y 4719 N Z]EolA AR 5
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o - o] HrlE AR SAHAA =S Thed B

Aol it i gh o] o g oz oA o]&
gAE 4 e 2 dHAERY 7ide] Zagt
Alslo

Pl

o

oA Ager FAA= ARkt "2A 9
prepolymerse} 723 & S5to] HztE A
Apo] Zha Aol ofste] AxE FoR

AYAd7Ee] Az, St AT E R Fddist

ol el 7o A o

HO, ot

—v—‘GHEOI EPOW} erh ]E E%’SPE o] ek
ZhpieERE T J2HA] Az et YeEA
ThE]of °l°ﬂ et oheket A W8S KEE
ek olE 9, 9, casein, diFEo] A HAA
A Z —,—]5]' copolymer® AME-E|THYang 5, 2006a;
Yang 5, 2006b). th=HFe} 3%, A|7F 9l o 2H
7} 7Vl dASE skt A4S B Eshal 3}101
1990 o e Aslelz oz MNgE reEES
ot A58kt prepolymer®t HE-g-A] 7 EZH A
2HAE Azstg o, ofof ek A3l Ayt 1B
x| ick(Kalapathy 5, 1996; Sun¥} Bian, 1999;
Ghahri %, 2016). E3F o] AdAFZ1}o]| w}& cokst
A2 7L st 9 WA ZOIE A E AAle] 2L w1
QlekFrihart 5, 2010). 2L} thFuk A2 A4S
sk oML ofe] 744 sj@sor 3 ThAlst ik
AR, JFue oF 45%<] AT} & 40% o)A+
of kst FAE o] 9ol thrute] 84 wit
ole vre TR ekld AEAL 7] R
OSB (oriented strandboard), T}EJEEE, A4 5
o Akl EAFY HRAI=A AR 0134%01
Uth(Frihart 5, 2014). =4, FLT|sto] =4 H2HA|
o Hjasto] 2 FdRkE 9 11 ARt o
ok A, 03 S 7 A Ak fl8)
A= e o] diE SRS soy isolates] <
(> 90%)71) Z7EAIZACk B, o] A9 HabA] Az
H]-8-2 108 A= Z715HA Elch(Frihart, 2014). wh
eha AR 2 GEAl] 2AIS 9lskel 90%
olo) e Y ) A7l i Bk Ak
3 2Rel o] Basi,

oo} Ze 2L WEAE URE BASE 7

AN EAYY Fargolu], 22 thAs LYE
%79 Gt Bl o] gato] AHfTolt shelEn
£ qaro] Ths HARY AHA Al 7)ol A
Hglom, 0B Fatol He wule BARYAE

A2 d=5st 7FsdS skt (Park 5, 2017;
Yang 5, 2017a; Yang &, 2017b). 181} o] HZk
Al Az FHE] HES AUlA 5T A
L7H700 - 800 /kg)e] Um FujH]-EOo=  2l5}o]
ol AT 4= U= YRl it FAo] Badt 4
golch. weba il 3keha Aol FARSHH =
ol A Au|goz digf ghrt 7hsst QRs Je
o Al duz AMEsh= ke ARRbSHRich. whef
et Hule Azt H2HA| A7 AEAem 4
yd A, AAATE A oA FdTistol= W=
wpo] ujs- HER Aibo] 7H5E Ao
2 Azke

ey Qlme] e FHHL vl AT olg
of th3t dFS XARSE A3, 20149 7|E A4
2 100,0007] ©]AFo] nj/o]-8-Al(n]-8-Al: 82,4277); o]
&4 28,8477H)0] IS Bk Q= Ao= FRE
UTHKOSTAT, 2015). w|-§-4 9l o] g4 Oﬂ/ﬂ H”‘&‘E]
© YR oF2 Hat 0.5 kg/d ol Foln, W 227
712 #H7IAEAL s Aes Yex *F Eo}oﬂ
SHI= ). whakA A7 Fo 18,000% o]39] A=
SH7F 7Hsskn, o] e Aul thE ZAAAHAA
X A= 5O 50%0] = Folth A
2 A PR S S0%eE 7P u) FHof
36,000% o]Aro] ¢lmukS o]83t HZA AgAlo] 7}
sotth B R HEY g WS o] o] #}
< 7|2 Ao A2 3gEo] gEEY 23035
Z270)A 7hEl Hkgol 7hsshal, HES YRR
A Bast AWAA RS AR 4 9lo] A
2| Yt vl Aol hsstehe WHo) ouz
Q2 a2 747} $88 Aoz wekE. of
of ] - o] g4 7= Qluol ek B LAE A
2| Y720 7hsde 2ARSRL, Qlme] aEAQl
A2l ol d=wsl yekE ANE] flsk] 7 dFE
S=3y5)ct.

17%% U]—_‘Ll— o]

o >

— 601 —



%

(< 6 mm)9| EZFAE ©]-§3}o]
E} of A4 =
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oA FAoE FEHeH,
Amz At
Qw9 ghulo] sjgBalel A1aA] Ao A8
NaOH, H,SOs, phenol, formaline 3}sH413]-8 AJeF
o AFHAGFE FFAANN FUste] 8ok
th A ARHAL S-S vlwsts] il o
232 AHE 82ls CUF) 2 Weiyl-as 5
A(o]8} C-MUF)&= A (39} h=53=4(5)
$E RAoR FFuet 4§t
S|

=]
[ |

2.2. 3oty =

ol o] gpamt B g
4442-07 2 ASTM E 1755-019] -i—é}oq =519}
(ASTM, 2005a; ASTM, 2005b). &t

H(Kjedahl)Z o]-gslo] S48} %ﬂ
1 cm oJ5l2 Adsl X 1 g2 Micro Kjeldahl
flasko]] Y11 1.1 g9 K,S0,2} Zsk 3HAF 10 meE
Ae|2 Ak F, oF 24170 Sk 95ToA FRdstn
Zaez sdstc) ogA slME 9 s
Az B A7) (Kjeltec Auto 2400/8400 system, Foss
Tecator AB, Sweden)S ©]83}o] A ghafo] =74
5 3 o] A FHF Zro] 6252 Tato] thlz )
S AU Garcia?}l Phillips, 2009). A9 slako
EA7F 245 AXE n-hexane 8] 1:50 (W/V)
of W& 1A FAN %, Aol A7E ol
o BAZ B} A AA AT BA Hol2

£

d

(¢

o
il

o

31 - oA 8]

2435} th(Tokimoto 5, 2005).

S oAt 2L BA5] 9l5tol

oA ZZupE1)u|(o]sF HPLC, High

Performance Liquid Chromatograph, Ultimate 3000,

AgEE o, 1
H ox 2 mgE 30 meo

3 130 C oA 24X 7 71EE

QAR

EEEES

Dionex Corp., Sunnyvale, USA)—%
e theal ) B
HCI 896 N)of|

£ Ao, 7t OH% AA7F 100 me7} ==
2 ZR4E A 5, 045 peo) 484 syringe
filter2 ol e T, thA] 7f=EaE A

2 2257 3|4ska HPLCR ofu|ile 245}

%tk HPLCE o] 2-WE S olgdte] -84 &
Zohe Eshe ofuliite] o w2 S=

2 e olEoR o Bsy] upie] 22| ofn]
o] HelEth HelE opulmike Ustol=y
(ninhydrin)h ¥H-A171 @ AAe thehA]
Azae] 471 Aldl AE712 ZAste] ofuliat
o A sl AMgstech Aol A%7)E 338 mm
o oA ofulie F42 UASHEON, Standard
GO0 200 nm/ue] obu|ieAt 175-S o] §3T).
Qlme] shaba] AT} obuiAl B4 AuHs 33 =
A o] Bargrom Er)shdch

=S|

-5

2.3. 21z 2 =|o| I3l

HAA Rz RS AREl] fiste] doked
ol "astH, °|5 $I5te] Park E(2017)94 Ans
Ei2 Qluof gt e rheEslE dAlsklo
=, 5%, 7.5%, 10% ‘%2 NaOH (AK) <=8-9(350
mg)o] 200 go] QIR E H#H3| FEQsIF o, 95 +

2.5CoA 1202 5t Zhptsl Whe-2 A 3yskeich
(HH-AK-5%, 7.5%, 10%). 7}p5E38)] Bhg Zof g
St AES AlASH ] flsto] dAlsHFEE 1Y)

oA A& £EA(EY: Defoamer-NW)E 3 me &
epo] Bejre] ATOJEE 04319 15 dropd 7}
shict.

]9 7R 242 Yang 5(2017)0] &5}o]
T34 A7 ol 2 g9 HoS04 (F%=: 99%)E 200 g
o] Hujo] MM Hristlow, 43 wrky oA
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o - o] HrlE AR SAHAA =S Thed B

50 & 2004 30 5 ASRALEE Aol
o o] FeBaEe Halel ngl WS MlEos
59%0] AHAC)S: WA Qe

grstaict.

2.4, B2 M=

H2A Ajzoll A pH7F =& HH-AKS] 7 3}HA]
& Fo0l7] fI5to] 2384 A3t CB-AC-5%E
ZASA R AFgSFGTE g Qlm o] TheEaiE 1He
BAHEY WSS BE ATE fotel ZHRAIR phe-
nol-formaldehyde prepolymer (PF)S& AZHA| A|=0|
AFgatsict ] Azt ofdieh g WHom s
.

PF A|ZE ¢35} HES-7]9] phenol, formalin, 50% 5
0] NaOH g4 AAeF W1 75C oA 9087 wyt
SHHA 13 W2 3 5, ThA] 50% 55=2] NaOH
84S e W1 95TelA 605 27 kst
Azt o] PFY] formaldehyde/phenol/NaOH EH|
L 2.0/1.0/0.1 2 2.5/1.00.19] & £E= g zslgo

™, = PF& ©F 50 mPa - so] Hxe} 50% Wele] 11
Fe e 7R AR ARG,
AR FAHL TEE S s|Zo@ 65-70

wt%2] HH-AK 9 CB-AC Z12]1l 30-35 wt%2] PF
2 Egstel 2Ac WA 2AE 9 2 =

59 S3tyA4S B, HH-AK| CB-AC-5%% 4
70 £ 5CollA St FE3] WSt &, PFE ¥
7 2EE AN AdelA FtHoR shrt
Salo] BAA BAA Axg YAAR AFgSLC

L'

rEiﬂos

25, HAHe =2d =8

HAA Y] 11g B FHF2S pan solids technique WY
o] we} ZASIATHASTM, 1993). HEE ARLo]A]
BrookfieldA[2] Digital Viscometer (DV-II, Middleboro,
USA)E ©]-83}9] spindle numberE 212 12|31 10
pme] £E2 35t Z4stech. 2AH YA
pH= Fisher ScientificAk] ACCUMET® Model 1600
pH meter2 Z%35}4Th

26. @r=8diE &8

ZAE AR HRAE WA Alxol H-&st
CEZEEE ERE e P e
A deEgal&s SAsk¢thPark 5, 2017). ©]
£ 93l HAAE ovenol 2447 Y1 &3] F
A7 ¥, o1F 74 BAR Bashich o) B
wue EEAZ olgsiol Asle] 5
BE AL ARE o|gaidrh. ZHNAL By, 4
o awR WA | gE H4EeATd] Yn
37 95T 2] EollA 6057
5] =N /\1;\]0} c}. mwHlo] 9};—1'1:{1_ ZotAa Yo e
filter paper (No. 2)% oJIA|7] &, ST & 105C &
HollA 24417 AxskaL o mpAjof F=2 FAA| o] S
2 olg3to] off Alom A4

o
=

galge AL

Massloss(%) =

particle weight — (dryweight — filter weight )
partice weight

100

2.7. BMd 24

1m o] HAA| fmste] wE FA S AR
95kl MEE-A FETE AASE Quof gt
BATAYE WA YRsE 93 ABdolde

S35k olm o] vbAlEF 9l 1y FH HMolo)|
dE Al e A AYe] mge wok ARz
A9 A RS Bate] AL

o

8. AgddA o SAHA
A AzATE) aclenA Ame] sz
o] A}8E NaOH % %E(5%, 7.5%, 10%), PFo|
formaldehyde/phenol EH](2.0, 2.5), HZA ZAdH|
(HH-AK/CB-AC/PF = 65/5/30, 60/10/30, 60/5/35,
55/10/35)7} A3t J&A Y] dE-gafiao] vAl=
Qe FATHCD UG olg} T 24
A3}, p < 0.05 HYol A& 7S Fisher’s LSD (least

significant different: Z]A-7-2Jxh) AL 0|83t Student
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Table 1. Chemical Composition of Human Hair And Chicken Blood (Unit: %)

Moisture Ash Protein Fat/oil Crude fiber
Human hair 7.0 0.1 86.7 6.2 -
Chicken blood 80.2 0.2 15.8 0.8 -
Chicken feather' 7.6 13 81.1 9.7 2.2

! Park et al. (2017).

Bgre] Zololl folol A

Table 12 Qlm e} Thulo] 3}
Atolrt. Q1= AL} TA 24417t 53t
A AzT AR 7.0%° SHS Fgalal
YR & duds JgEo] 9]

AT o] AU FoF| 3

EV L]

2 %o Ao
o Mz ox
2 o

H

tok

S

filo ok

o

L o

SL
ol N M ko

it

B

Fke gert) =gton, Aoy W 38
wolth(Park 5, 2017). 3}8Ha %A ZHolA <l

wi vl gepo] kot WaA|e] YRR AMgol

JHssha, Qmel we AWed wFon HEe

olg3t Hapa| ZAA AGE AW AL AAGHE

o

o

ZMOPL 8= Zﬂﬂ/‘lﬁl o5 &5t
Abge] dgro) /b5 Zlo® Bt gy
80%7} 222 =] qlSl=t, ol
a THgold Ao EREe) ehd
AR A HP.E_‘%

EEBIEE )

>0
o oZ 19 ox

¥ i
X

32

o »

%o 2

He
52

_(:_
ok
M
flo
o
3
]
30
32
i

E0)
o o o jo

FhFol ol BAWA AxZ 93t

Aol AREA A SISk,
Qlme] FAHel el ofnlwAl 2

r
at)
=
i)
o

o_>f.
tlo
Ay
2

gF A3H= Table 29 Zeh Q1m9] ofuiAlt 7he-H|
glutamic acid®] §eFo] 7P E=¢ton, thgo=w
cysteine, serine, arginine, threonine, leucine, aspartic
soz zAEgth ol
Qlmo] cfg

ad e

acid, proline, valine, glycine
24 A= Robbins?t Kelly (1970)¢]
ohulwit 24 Asket 2 Aol7t glgick
obu| At 241 W, serine, proline, glutamic acid,
leucine, valine, glycine, arginine, aspartic acid, iso-
leucine, phenylalanine, threonine <=2 UERG=t|
(Yang 5, 2017b), of7]ollA] ZAFE]R] OF2 cysteine
S Aelety e gEat SA}sE ofn| AL &
= 7Fd 7oz YEbth Yang 5(2017b)2 HE/
g A2HAelA ELdlstel= ZhuA|et AR5
e F8 ofuito® 2417, Him7], cyclic s
71& side chain® =2 7}2 serine, proline, threonine,
phenylalanine, tyrosine®|2}xl H135}3ict QxR o] 7
2, 44719] ofnliAle o] Fat Aew Al
Fadsiol= aAle w7 BA TS H2A
o] AF2A AFgo] 7}5E Aoz Azt

053

il

ol

3.2. 2= HAHQ =Y

Q1% 9] NaOH 4=8--g o] g3 7l Eal &2 =
£ 2y, g8 gk Oﬂ g} ZJol= qlglot TR
&) w0 AREE 8o A NaOHY] =7} Z7)5h
of uzt HidhE FAFE BA & 5% =9
NaOH =gHoflA 7hpEafigh Q1R (HH-AK-5%)2]
Awis Wit 2,850 mPa - s0]9) 01, HH-AK-7.5%2}
HH-AK-10%9] H+t M= Z42) 1,530 mPa-s 9
1,470 mPa - s2 SAE| ). o] SAde| gt T4
3ha] BAA9E B HH-AK-5%2] A7} 78 =9F
o, HH-AK-7.5%$} HH-AK-10% 7l x}o]7} ¢l
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Table 2. Amino Acids Contained Qualitative in Human Hair (Unit: %)

Amino acid Human hair Chicken feather'
Aspartic acid 6.34 6.86
Glutamic acid 17.07 11.95
Serine 11.03 13.82
Histidine 1.05 0.32
Glycine 3.73 7.75
Threonine 7.40 4.93
Arginine 9.37 7.24
Alanine 3.81 4.73
Tyrosine 2.75 2.26
Valine 4.30 7.82
Methionine 0.55 0.32
Phenylalanine 2.66 5.14
Isoleucine 2.49 5.26
Leucine 6.91 8.62
Lysine 2.60 1.02
Proline 5.66 11.97

Cysteine 12.28 -

Total 100 100

" Yang et al. (2017b).

L

= A0 = Yehytth 3 CB-ACY =t 2 A+
oAl AHEE HEAR FHo] E7Fsstled, ol
A 27004 Hol Wl EAfsts Tl S|
Aol 93t Ao 2 AYZFEck(Lucey, 2006). HH-AKS}
CB-ACS9| pH &% ZA1E HH, 7t=Eafo A+
NaOH2} H,S0,0) 28t Z+zF 12.9~13.99) 1.52
AElon, T2 dze] 9 A 2704 TheRa)
AT AR w =AY Wkt

Table 32 HH-AK$} A3HA|2 AM¥ CB-AC 1
23l PFE 7t A2 H7tsto] A% F2HA9] 24
& vehd Aojth 24" A9 24& Y, A
oA A 1= TS 71528 60~65 wth
FA]3FIL Q)= HH-AK?] EAe) Jake ol vt
o2 Yyttt & A" JE2AY 1gE
pHE Z7ZF 34.4%~413%S} 11.74~13.192
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9] FE7}F SNl wek g Rk 7rAskal pH

L Zbehgich. w9 ARBEA ol B9, elw

=
)
=
=
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=
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o] 79, HH-AK-5%37} 2o g8 gefo] Himo
ek v)3 Ao BeE, o]oh 3] NaOH 5=
o] Z7ol we Qlme] B FAE Ao ofn
HE e TR Aoz Azt
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Table 3. Physical Properties of Adhesive Resins Formulated with NaOH-hydrolyzed Human Hair, Chicken
Blood Hydrolyzed with H,SO4 of 5% Concentration And Phenol-formaldehyde Prepolymer

Adhesive resins

Solid weight of
Human hair o HH-AK/CB- Solid content (%) pH Viscosity (mPa - s)
hydrolyzates' Crosslinking agent A _s0,/pF (%/%/%)
65/5/30 413 12.12 650
PF-2.0
60/10/30 384 11.87 400
HH-AK-5%
65/5/30 40.2 11.98 550
PF-2.5
60/10/30 37.1 11.74 350
65/5/30 36.9 12.61 890
PF-2.0
60/10/30 353 12.22 710
HH-AK-7.5%
65/5/30 34.4 12.59 330
PF-2.5
60/10/30 35.1 12.19 380
65/5/30 36.4 13.00 300
PF-2.0
60/10/30 37.1 12.53 310
HH-AK-10%
65/5/30 36.3 13.19 300
PF-2.5
60/10/30 354 12.53 300
Commercial urea-formaldehyde 65.6 9.1 200
Commercial melamine-urea-formaldehyde 60.8 8.9 240

! It means the concentration of NaOH used for the hydrolysis of human hair.
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Haflo AMEE NaOH Fwo] w2 d4Ega)es
v 3t AT}, NaOH S %7} 5%0A] 7.5%2 Z7FA %)
S o) G4ELEES A < 0.01), 10%2]
FroME 75% =9 IFEEET Aot o

Ackp = 0.13). °]+= 7.5% = 10% NaOH 5E=2]
Ao A HEGAIX QI 7HEdliES o]8ste] =
ARt F2HA9] Wgdo] Hk= AE Suishe Ao
2, Bt 7HpRe R Qlwo] Bakge] A 4y
o zx chldo] HEska gl o] HARMdE &
AoflA vehd Aatet AZ-gtck(Lambuth, 1998).
7t A| 2 AREE PFE] formaldehyde/phenol (©]3}
F/P) EH|7} E4Egago] vA= dFs 24
AE EH(Fig. 1), 2.0 EH|9] PF (°]|3} PF-2.0)2
A e A O] ArE-gafeo] 2.5 =8]2] PF
(OI5F PF25)2 2AIG dmdaAe] drEgshe
s} £9ITHp < 0.01). FP 2u]o] Z7je} b A%
A A%E 9ste] H71E formaldehyde ko] Z713+
oA HAA Eah WA ol spra|Ee] B
57l methylolation ¥hg-o] Udkxoz F7}slA
Frh o]FA| methylolst ¥ QIE 7h=EallEo] 43}
oA FHES Skl 7t Ae] SUHEeR
A Geadefec] S7HE Aoz AR 19
U Aif= YR U, o= PFO] F/P EH|E
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Fig. 1. Effect of experimental variables on the re-
tention rate of the cured adhesives, which were for-
mulated with NaOH-hydrolyzed human hair (5%,
7.5%, 10%), phenol-formaldehyde prepolymer (PF-2.0,
PF-2.5) and 5% H,SOs-hydrolyzed chicken blood
(65/5, 60/10), existed on the filter paper after hot-water
treatment. Adhesives used for this experiment were
formulated with 70 wt% hydrolyzates of human hair
and chicken blood and 30 wt% phenol-formaldehyde
prepolymer. Different capital letters over columns are
significantly different at a p value of 0.05 (least sig-
nificance difference test).

t} Qlm ZHEafo]l AHE-E NaOHO| Hm=7h 42
Sofgol o B FFS mRv= As onlgith
U522 HH-AKS] =] 71704 NaOH 4=8-9 2]
=2 pHE Ql5ke] 24004 A3t v} o] A
B CB-AC-5%2 Z7I5to] ol AHzHAE zA|5tg 0
o, I & 1FE T 7IELE S wie ¢ 10 wi%
2 24sto] CB-AC-5%2 7ol Aste ¢lmy
2HA10] dpEgafleol rAe dFE EASIT
(Fig. 1). A=A ZA o4 CB-AK-5%2] ZAH]|S 10
wt%7}A| Z7FA 7o ol dLELEee ALY
AtHp = 0.03). FUIL 2AofA ARYP2AE A3t
AlZ7] diZoll AR 2A 0] do-E-8-sfeo] AIA
2 AREE CB-AC-5%9| 48] S7ket oA S7Fst
Atk 283 WeE & gARE QR YojlA
HH-AK ¢fo| ZFA 1&11 CB-AC-5% o] Z7}e}
A FECE S I = A0tk

Fig. 2= 7} PFO| F/P ZH]o|A] QB AA|9] &
B84 g0 5t ¢lmo] FlgEafo] AMRE 48
oHo] NaOH %E9} CB-AC-5% ZAJu|o| Arsak
< UEhd Zlojch WA ZFuA| R PF-2.03 ARS-SkaL

Amo| BHYHA AR A T

—o—65/5 —=—60/10

30 r

extraction (wt%)

10

Retention rate after hot-water

30

Retention rate after hot-water
extraction (wt%)

5% 7.5% 10%

NaOH conc. of hydrolyzing solution

Fig. 2. Interaction effect of the addition level of 5%
H,SO,-hydrolyzed chicken blood and the concen-
tration of NaOH used for the hydrolysis of human
hair on the retention rate of the adhesives, which
were formulated with NaOH-hydrolyzed human
hair, 5% H,SOs-hydrolyzed chicken blood and phe-
nol-formaldehyde prepolymer of 2.0 (top) and 2.5
(bottom) formaldehyde/phenol mole ratio, existed on
the filter paper after hot-water treatment.

HH-AK/CB-AC-5%2] ZJH]S 65 wt%/5 wt%= 3}
S uf, A= TleREdfo] AMEE NaOH F%=7}
5%l 4 71.5%= F715tol wheh JIRFH2A 9 d4&
238182 34 745tk HH-AK/CB-AC-5%2] %
AH)7F 60 wt%/10 wt%ol| A= 5%2}F 7.5%2] NaOH
FEoA Y dpEgslE olle Aol7h gldlon
10%2] NaOH %wol|A] 34 7rAstgct oz
PF-2.52 ZA3t AdmAzA el H4Eg Ho% =
Z79] HH-AK/CB-AC-5% ZAJH|o|A] BIE Qw9
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Fig. 3. Images of particleboards fabricated with the adhesives formulated with 7.5% NaOH-hydrolyzed human
hair/phenol-formaldehyde prepolymer/5% H,SO,-hydrolyzed chicken blood of 55 wt%/10 wt%/35 wt% (left) and
5% NaOH-hydrolyzed human hair/phenol-formaldehyde prepolymer/5% H,SOs-hydrolyzed chicken blood of 60

WI%/5 Wi%/35 Wt% (right).

7teEafof] AME-E NaOHO] F=7} 5%0A4 7.5%=
S7hetel weh 24| Akl o, 10%2] NaOH 5
LAz 7.5%9] NaOH F:=9 2fo|7} §IALE ofxt
Tadts AoR Yelgth a4-E8se 5443
£ Edz, SAWHA Az JHAZA= PF-2.0
T} HH-AK-5%09] CB-AC-5%Z 10 wt%® H7}5}74
U = PF-2.59} HH-AK-7.5%°] CB-AC-5%%] &
7HEE 5 with= 2Este] 2AISk= Zlo] Az
ojgbal etElth

3, JQEHAA Y deEdales A Xl
A AR 9 gESEE it ALEHI e
C-UF (46.1 + 1.7%)?} C-MUF (80.8 + 1.4%)2] &
FEgolE vustHS o, A7l AAIRE 24
27004 2ARE QJQEHAAY]  deEddeS
C-UF9] dEgafleo] st e, C-MUFS &
FEdeien vjaste] A WUtk wEbA 5s
wit%2] HH-AK-7.5%, 10 wt%2] CB-AC-5%, 35 wit%
9] PF-2.0 E= 60 wt%2 HH-AH-5%, 5 wt%2]
CB-AC-5%, 35 wt%2] PF-2.52 QJQEHZAIE A5}
Ak o] Waol g B4 2¥a Ad Az
11467} 11.482] pH, 37.3%2} 39.1%2] THE 3o
A1 300 mPa - s€} 350 mPa - s@] HE=E 7R O=EH
BAR HAARA AMge] THst Ao R EAEltt
sk AshAI o] HaAY] BSREHEL 217t 649
+ 0.6%2} 73.7 £ 04%= F XHA B5F C-UFe &

S28318S T ABISIOn], CMUFS] d4-28
el 2Ashe Anke ek tebd o] 2ol
AR ARHAAE C-UFS] thRHEAE Abgol
88 7153 Ao® weken], YA skt
A2FS §Ite] FHmA|R AHGE PFE 30~35 wi%
9= Zol A7 Wad o Az

AR A2 20 EYE F TR Qg
ZABtAET, o WAl TP UL 43 +
0.5%z Ak of HAAL LA} HsE A
2 FErb FH5 wekon, o2 2 gste] 190T
o 2, 40 kefem?®] QFE oA SEZF Ak A3
of Azg whE|FREL Fig. 33 gk olgA A%
g e ZReo] Bue fotow shldt Ak, @)
A Fol ol shelFREe} GARE Ao ekt
ok @4 o] S FREe] HAGE, A5ehad U
EoEslo|E WEHS S glon, o At

tjste] S5 wEe oot

il

34, Q20| HAN| H=sE flet drld 24

e A2 9IR Aelom AHR NeAl ST
o] Azl 20161 129 71202 411,005 (4
204,900%; o1: 206,105%)0]H, S Lol A 858
Qo] mlgATt 138940] ofgAlo] FY F2 2
o= 2APE gtk ufebA] e 1SEQSE/Y] 9w
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& FABHL glow, ol A&t Alxe AR
e FEES] A, Aoy e &
giatol= W&ol KS 7Es w3 5T A
2 g, SABIANE HAARA Agel 7hs
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- 84 236,0009/E(20179 49 712)
- Wzl 2,307,0009/5(2012d 4 7]%)
- ¥ 2,536,000/E20159 119 712)

QIR(7}A): 300,000%/E

¥ (@) 100,0009/E
NaOH (98% 1%+5): 800,0009/E(2015 129 7|%)

- T2k 109,0009/E20154 49 7]%) - HyS0, (99% 5-I): 611,000/ 520159 129 7]%)
- 3982 80,000/E201749 59 7]%)
- E1 57 84 APSAG% TFE): - AR T Aw/EEhA| = 65/530 (45% THE)
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- E0 53 84 dAA|(65% 1)
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129 J&AA feo] 74 Q12 (293 kg) + &
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12,0009]) + 3-85~(462 kg, 36,960%) = 136,860Y]
gy A 7REHE(CB-AC, 5% %% H,S0,, 30%
TEE): (23 kg, 2,3009) + H,S0, (1.2 kg, 733¢) +
298488 kg, 7,0409)) = 10,073¢]

ZFRA|(PF, 50% FE): #H|=(52 ke, 131,8729) +
zZagg)(82 ke, 8,938¢) + NaOH (1 kg, 800¢)) =
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288,543¢ + 11,0009 = 299,543/ &

(23 kg) +
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