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PR R i ) A A ) 2 — 1), gkl i S B R
PAFIH LR o AB VRS, B ER A, FERG IR
BEHCN 30%, &R RS HON 2%, W 130 TR
PR R AT SR R R . BRI DU B R
IR LR e o SRk, H o 985, SR AR
HH &P BE AR, A0 2 AR L . Garrido
D ORI, P B KRR A5 K S KR A TR a5
B e L R T R SR e MR e . B R,
W E & G IR R A R RS B R A AN Y
B3, HAEmmEmE SECIe s el g &6t
IRBEIE ST e, T SR Bk F TS A R AR
o S0 XA R R KK AR, JEol R SR
A Jug B,

g5 W, ande] AR 75 28 R AR B B 8 TR
T B AR e, ) 4% — P (AT PR R TR IR R SRR T A
FFAC A 772 1 RE AN AT B 1 2 R R AR e P 2R el . A
W S0 AT FAE BRI DA S R A BRI A B, MR FE
BRI B A OO IREER i, TR A A R RS
0 HRPEARAREFTAC T o TR F0 AR B 1 VS 5 JOR 18 A4 i
FAEFFACTE S0P RE R B A 1k RE TR B2, PLOA3E T A
FTH A LT 8 i s 286 SR C 77 1) o5k o ok 5 B fi B0 s
MHEAERZ M T2 8ot 2R 22 LINiES.

1 REMHSEE

1.1 IEwrd

JEFRAG B AL E M T DM, ¥8E
HOR TP, BT I 2 N B S A A T B T R A
S KREREFEE MRS R, TR AR B
LM GRS TR, AR 1~2 em, K ARBORL
AREIFEFFIE 2GR (hb & 1%, TR TRE, #AE
EHAE A BMRERESZ MR
FEFFIE G e B TR A TR IR A RS20, e
FEAFIR A RS FEI G50, AT REFFIRL S KR 65%,
TP RIHE B B AR N A 12 d A e B, 55 6 K
HURHBRME 1 70, 28 12 K HORIIG T 5 SRAS A el (o A
Frefde; TIEEC AL A RO R BB a6, 145
KRN KE L, KAV S E 3655 gkg, AT E
1.15 g/kg, &WEE & 0.99 g/kgo
1.2 REHZE
1.2.1 AEARR

HXG BT AT S AT IR AL, SRERA 1 gL 1
PaiiRE (CTAB) ¥l AbEE 4 h BRI, bk,
S RE TP RSy B PN E 2 E T

W—E T ESE, B, R 8 mol/L HIJRE
W, IMANSEF R 10%M L-2EER, H 20%5 %
14 (NaOH) ¥R pH {HZ 12, 7E/Ki 85 C ¥k
BE Sh JEBUAR, A5 LA 10 000 r/min 3 B0 15 min,
s, FHIREE 37%1 8 (HCL) ¥R pH HE
4 PUE BRI EAR, £8F/KEERERBERRRZEY
Totn, BEHEEAEA, BT EEMEAREKDL
1.2.2  ERER REEAT G 6 ) &

KA BRI JRZE =5 I\ 12 45 IR A g
JREGHEERRE/RE N 1:14 (UIF=1:14) , %
B SRR 37% AR RN S, TR 22 40~45°C
f# Fl 20%NaOH VAT pH % 8.0~8.5, MIAZE—H
BRZ U, M 10 min, FHEZE 65 CREIMAIRZE LR
& 2% PVA-124, FHEZ 88~92 °C, {#if 50 min; {#
F 10% S AR T pH AE N 5.0~5.5, IINEE —HrEt
JRE U, URRE R E 2% M =850, RN ER
R A 20%NaOH %7 pH {E N 7.5~8.5, TIAZE
=M BURE Uy, KON 20~30 min; {#H 20%NaOH V7K
W7 pH N 7.5~8.5, AHIZE 35 Cilikl. LURES PR
YRR IE 1D 1.4 NEm&tpl. B—MB, B
B =M BUR 25 R EE R 238 1 02,0, 10 1.5
LD L4s FEE =Y BONAIRERS, A AN 7
IR E RN 1%, 3% 5%, SCPERREER IE 2 7130
KI1UF, K3UF 1 KSUF, [F]R il & A& f 8 (0 B4 UF.
1.2.3 FAFILZOH &

VARG Yt 5 o DRI A4 IR 40% [ i &R
P 7 IR A2 ES (R INEF 487 1% 0047 i A
RBEAKFD A FIRENL R B [F) S shiUs S %
HIRAR, ED EEE 130 °C, /710 MPa #AJE %
PR & RNAE R, AERTE 3 min, FNERRE
(100£5) g. UF, KIUF, K3UF il KSUF il & 4655
Wid AN F, Fl, F3 FI1FS,

1.2, 4 T5fg R JREEAT A ALK,

1) FEAER AL

i Fl NDJ-5s RS2 it ( i i s % &% IR
AT, HRED W R RN R R
TS AR I D R s P SR Ay PO R R A e
S E.

2) BRI

L2 AN S AT IR R RIS B S 75 VA VR T g
HILHP A5 T I8 f5 1F B ik R, R Tensor 27 BUAE NI4T
AhTEEA (Nicolet iS50-Thermo Scientific, &) X A5
HATE R B BN R 5, AR E 4000~
500 cm™, PR EH 4 cm’, A EFERREKEN
32 K.

3) BRI RTIA

PR W R A I TE AR TR A TR S
B A, SFH S 117200 B #E (Y (HITACHI, HA)
Iy MR I AR R, B 6~8 mg BRI B AR R,
EEHITHEHE N 10 C/min, #&EMIRTEHE 30~600 C,
ERRERASRY T, AUUEZE 180~200 L/min.
1.2.5 FATfLaEAEM X

D = pERER

KA AR ALK < T < 2N 100 mm %10 mm x2 mm,
2% GB/T 17657—2013  NI& MR KA A AR BRALVE AR
WG 7iEY BY, SR =83 ik, R ML 6 7
T SR I HL (CMT4304, I = BB ARG IR
AFL, HED METTHAAZKPIEEE (MOR) 3k
i (MOE) , HN#HIE# 2 mm/min.
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2) AT BE AR e RS

HE A 7 RS S THT 358 0 il K x BEx B 50 mm x
50 mm x2 mm K/NFELLANRAT T KB 15 min, ZRFHK
BEIESFEDRIERFRE E S RERH%IESIRER
1HE 1SO 846:2019™) K10 F B 7 7 (4.86 x 105 CFU/mL,
M A R A AR, 0.15 mL) ¥ 5)RAR T A
MR, BT 28 C. 90%MEE MR R R 28 do &
2 d | —kFEmBE A, A% (ImageJ, National
Institutes of Health, v1.8.0, Bethesda, 3E[E) & Ifidsx%
FAEMEAR AR A K TR, PPN e RS .

3) A I A A

¥ F, F1, F3 f F5 9af, BFEEIH 30 MK
B x JE N 100 mmx 10 mmx2 mm K/NERFEFREL 10 5% 5
B 6 4, MHEAAEME 20 cm DLUNEHTE R 1%
FEHE AR IR, FEHE M AU R T X R X A R A
50 SVLAERMBEREBE N, SRR R 2 [ i +
W LA L, FEIE PR A) 2020 4F 8 H 4 H—2021 4F
2H4H, H—NABUE 4, R 7K v R
e NEE IS T 5 FREIC 35 o3 B v S A6 L A B AR
Te7E B T B o Lt S

W=m,/M % 100%

X woRIEERRRIR R R T A, % m G=1, 2,
3, 4, 5, 6) NEZENHBEMBENRE, g MNER
PIVIE IR, go

2 RS

2.1 REERIBEEAIBL MRS

R 1 ONECERREEM AR AR PE T . R TT LA
B IR R, DU R T AR T P U S
K, HEETIRE, AEASTHEZMRPIE ST
A5 R g e IS AT BT 2 PR S & . [RIEE AR 1 Ay
UL th 5 A B 1 O 0 110 4 v S O e A T 11 285
WK, JUHE K3UF M EIAE] T 425.0 mPass, JEAT]
e M E NS S5MEM IR BRIA R B Ls 1), HAKR
FLBR, SR RAIBE R K2, i A — T, (EARES
W& RO, A A I8 -COOH SR M 2] T
JOR B8 A i P9 28 G R v, A3 DRI Y I () A BER 45 A BB I &
TSI T R . A AR A RN IR A 1 [
BIFEAH YR,

1 HEREER ISR EARIE LR
Table 1 The basic properties of modified urea-formaldehyde

adhesive
fRehe | T 8 PR R O P [ &&  pH/H
o R .
] Free formaldehyde Viscosity/mPa-s Solid pH
Test No. content/% Y content/%  value
UF 0.26 281.8 51.82 8.1
KI1UF 0.19 295.7 51.64 8.1
K3UF 0.16 425.0 51.80 8.4
K5UF 0.09 3554 50.90 8.3

7: UF. KIUF. K3UF #l KSUF 73 73)%5 5 A 3 A I R RSB 0%,
1%, 3% 5% BREE R )T o

Note: UF, KIUF, K3UF and KS5UF represent the modified urea
formaldehyde adhesives by adding 0%, 1%, 3% and 5% content of keratin in
total urea content.

2.2 BREEWIBERIFTIR 4347

B 1 RS IREER RS FTIR #iZk. MR day DU 3|
MIRTE 3290 cm™ AbAg —NsmAR Mg, SR BT E
O-H I N-H B REFI™), H K3UF KW Isidiss, O-H Fl
N-H ERHCESE AR TR, &S T
V) () S T IR AR P ) B A5 o 2 960 em 4k
RIS e o I TV PR 08 (C-HD , B 1 3R LN IR 2 1
WHEE (C-HD VEIRETIRES, WREER AR e s RS & T
B, 5 BRiAS B R A AR — 3G 2 900 em! it T
FR U s} B FR PR Bhi% (C-HD , A% T UF, KIUF. K3UF
M KSUF HUE: (C-H) W= A= ) 555 % 507 7] #% )
(28452900 cm™) , 5t WA SotE Jo R W Ml P9 30 45 A A
B mfEE, TR MR AR5 PR R R RN, fF
HNEEMRSE .

% it Z Transmittance/%

i
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B 1 ECHIREAR A 6915 2ot Ll Sk o 45
Fig.l1 Fourier transform infrared spectroscopy curve of modified
urea-formaldehyde adhesive

1 540 cm™ AL FIET BT N-H B Ag 0 #iiRzsh 4
C-N ‘B REBUH4E IR 5 R R BLAE 1340 em™ &b, 1
1006 e AL FRIIEAE B T C-O {H454R%N, 7€ FTIR 7347
Al b AT DLHENT A 2 B 9 -NH FI-COOH £ B 4T
S RREEA B AR, T TR A BB X £ 26271,

2.3 FREERIBE TG 947

B 2 SR T ECHEIREN R E TG M A E
DTG tfiZk. MK 2a #r[LLEH UF, KIUF. K3UF fl
KSUF 3RS 4 AN B M TG 3l 1732 4 AN B
Xob R VE 40 A 0~100, 100~250, 250~400 J%
400 CLAE. H—FrBA UF N E H/KRE G KER,
JREARLN 2%; M BN G G KRR H IR IR AR
SE RN T 0I5 fR, TREIVRZA 13%; 2B =M BNk
WS RS R E R I #A o i, M 2b HRa] DL H AR IX —
Bt UF M KIRRIERON T8, e KR N R FE
272.09 C, 1fj KIUF, K3UF F KSUF F 5t A B 6 ) 5
RREL, B IARVENT R B 7378 279.09, 285.8 Al
279.36 “Cut B A 8 NN 5 IR B T 52 Bk 45 A ) S 4 4
PR P AR K HL AR P YO R B /N, AR NI 4 SR A B 4
AP 28 = AR ARG LU B R vy, R 280 7)) B RS T 1k R
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Uf, COVERREER G S SR ey 7ESE DU B A i,
5 UF #itk, KIUF, K3UF #1 KSUF [f)#&5% H E R K,
B B SR PR 2 0 3 IR RS AR N O 2 72 Y, R
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Fig.2 Thermo Gravimetric(TG) and Derivative Thermo
Gravimetric(DTG) curve of modified urea-formaldehyde adhesive

2.4 TEMRENNFREDH

Kl 3 NAEATIEZL E, FL, F3 A F5 B0 5 A
B, HEE, S A 8 A oot 0 IR I ) 25 1
FEAFAEA F1, F3 M FS HIPUE 505 AL RS o) 3N
38.08, 47.4, 38.64 Ml 2457, 2552, 2427 MPa,
F3 (1) /724 0m R St A W G, L0 o o A i A A
EbT F 2042 7 85.59%H1 8.97%. FEATAE 7L J12F s
B2 v R S DR — 77 THI T RS2 A 2R IS -NH AI-COOH £ [4]
2 5 B 2 25 4 2 A R T s B AR S M R T AL R i3
FTE A IE G S, BEAR B S P 2% S5 R I e A 1 A
Hlg A b, H—J50, BT A E A SCENREE W AR
IR ST, W T IERB I A4 NS BE, B
A BIER “RET” . W AR AL 2 181 58 5 T8 A
R A FEZ, SR om0, Hn,
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Note: F, F1, F3, F5 represent the molded straw flowerpots prepared by modified
urea-formaldehyde adhesive by adding 0%, 1%, 3% and 5% content of keratin in
total urea content. The same below.

B3 RATEGRE REA R E
Fig.3 The modulus of rapture (MOR) and modulus of elastic
(MOE) of straw flowerpots
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TEEY RN R A SR . B 4 N SERCE YIRS AT
W RMKTFR 28 d FAEKEN, BB aE
IREEFA R, AasRIALL, BEMFEFF LT 2 5E B 2L,
JE W I B AN B AR 2 il T AE A KRB LR &%
YIROR, BIERRE KA R TR A MRS L2
REMWAEK. AHTREFA S ERXAAE R X 25
PEALRG, AT DIONRCE I A KSR L EURL AN 92 4, A
TERFRI AR R A KA E R Z 5. BERMT
A e 28 70 1 B SR B 2 5 | R B A A K 2 SR P ) 32
K2, RIS H, TAITE F 3R 10 8 o5 0N,
AKIAE N 68.0%; MREEM RS M A2 )5,
TAEPIAE FL, F3 A FS 193 178 55 AR 70 BliA F) 78.1%,
81.6%, 91.2%, F1 fll F3 K bEMAKERES] T 5
2%, {EF5 RMEER|T 6 %o MEANNEDRMEETEK
IREE TR IR 78 LUA B A & R L), X 2 BRASFT
SFYELIANIFR Sy, RS 7R 5r 2Bk B RBERYI
B, fate AR T REATEZTE BRI L T IR AR
2.6 TEFEZENBAERRE

WK 5 B ARSFIAE A T IR 2 J5 10 B SRR AR
. AT DU HRS R 23 T 0% 5% g
MG FFIRAR SR, R I a1 58 o,
FEINE HAACEM R AR, REFT AL B S A A2 o ) e
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AR, AR AN, AR A PR AR P AR,
XS HAMERS AL R I A K IR — 3. 6 ™ H
Ja, Fl, F3 A F5 HIFRE T 72508 70.51%,
69.32%, 64.10%, LA SOk MR AR I A s A 46 (1
FRAE R B 0T 5 53 R T 48.64%, 54.64%, 80.95%. 5
F1 fl F3 #HEL, F5 MR R %, WReRBEIN A
HERINE AR E B & 5%, A5 fE AR %R F
IR A i DX 2% &5 4y b 2 DA B T AP AE . A
ARIRBE T HITRI, I8 AR G S BRE Y B
£2 WEMERSHTH

Table 2 Evaluation of microorganism growth grade

K3 Growth grade

PPN Evaluation
BB T RAWRAEK

WA IR AT A, (EAE S R T T
WIRE BB, B i<25%iRER
WIREZIBAK, 8 ii<50%IR AR

KA, Hi>50%M R m
EXS 5 P -E i S v ]
T ARSI EBRIRE 1SO 846 (2019) .
Note: This table refers to the international standard ISO 846 (2019).

AN AW N =

a. 28 d JERUCEITETE BRI AR KA 0

a. The growth of microorganisms on the surface of the flowerpot after 28 days
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b. Changes of the growth area of microorganisms on the surface of the flowerpot
in 28 days

B4 28 RIkAEM 0 & A B0 ARG LA B R
Fig.4 The growth and area changes of microorganisms on the
surface of flowerpots in 28 days
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A5 kLM RAALEORETEET 2L
Fig.5 Residual mass percentage of straw flowerpots buried in soil
degradation.

3 & ip

D AEABRESIRE, 5 R SR 2 IR
fEMIZ8 S0y b, FRARBREE R IR 1007 5 F S & BRI e 2L
i, AEATH-NH M-COOH A F| T 5 IREEM g
PSS, [N, MESPRA, 20 &0 oS IR
JE 28 = B N AR fR o) MR R B v, IR RS e PR e SR
Th, AEABINE AR Z SR 3% Sk IR i 7 i
RIS BeEE R e, MR T et

20 HHAR O IR A A5 RS AT AR 2 FL, F3
I FS AR S AT SR 7 Sl 2 457, 2552, 2427
A1 38.08, 47.4, 38.64 MPa, HHELT Aot MRS b i s
JEH & MR, 2T 491%, 8.97%, 3.63%, Fl
49.10%, 85.59%, 51.29%, MMEABINENIRELSE
3%, AEFFAE L DT 2 o R e A R A K

30 R SO PR R I A ) % (R RS A 2 R FL e
A S B P T REMAEYEL R ARK, XAF
TR S IR TR FT AL P AR, 6 N H e RS FT e R
FA R 4% B 1 43 EL 2 R 70.51%, 69.32%, 64.10%, #H
b T 9 SO PE IR B AR i P ) & RS AT TR 2L, PR = 0
WIETE 48.64%, 54.64%, 80.95%.
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Mechanical and degradation properties of molded straw flowerpot
prepared by modified urea-formaldehyde adhesive with feather keratin

Yong Cheng'?, Du Keke'?, Sun Enhui'?, Huang Hongying'?, Qu Ping'?, Xu Yueding'?, Guan Mingjie?,
Zhang Heming®

(1. Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 2. Jiangsu
Collaborative Innovation Center for Solid Organic Waste Resource Utilization, Nanjing 210014, China; 3. College of Materials Science and
Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: Discarded Straw flowerpots are usually difficult to degrade in the soil environment, due mainly to the
non-degradable urea-formaldehyde adhesive during molding. In this study, keratin was extracted from the wastes of poultry
feathers using reduction, instead of part of urea and the extracted keratin polycondenses with formaldehyde, further to
synthesize a modified urea-formaldehyde adhesive for the straw flowerpots. The modified urea-formaldehyde adhesive was
then mixed with the rice straw of biological modification to mold a green and environment-friendly degradable flowerpot. An
investigation was made to explore the effect of different contents of keratin on the physical and chemical properties of
modified urea-formaldehyde as well as the influence of modified urea-formaldehyde on the mechanical and biodegradable
properties. Fourier infrared spectroscopy and thermogravimetric analysis were used to characterize the basic adhesive
properties of urea-formaldehyde adhesive, thereby analyzing the changes of functional group and thermodynamic properties of
the modified urea-formaldehyde adhesive. At the same time, three-point bending tests, microbial degradation ability tests, and
degradation in soil tests were also carried out to determine the variation in the mechanical strength and biodegradability of
molded straw flowerpots. The results showed that keratin significantly reduced the content of free formaldehyde in the
urca-formaldehyde adhesive with a higher viscosity. The -NH and -COOH groups in keratin were favorable for the
copolymerization with UF adhesive, where a cross-linking network was formed. The temperature of the third pyrolysis peak
was 285.8 C representing the adhesive polycondensation cross-linked structure when the keratin content was 3%. The
modified urea-formaldehyde adhesive increased by 5.0%, compared with non-free formaldehyde, indicating the best thermal
stability. Furthermore, the final carbon residuals of modified urea-formaldehyde adhesive were all reduced with different
contents of keratin, compared with UF, indicating suitable for natural degradation of composites prepared by the modified
urea-formaldehyde and straw fibers. Meanwhile, the best elastic modulus and flexural strength were achieved in 2 552 and
47.7 MPa for the straw flowerpots with 3% keratin-modified urea-formaldehyde adhesive, indicating the increases of 8.97%
and 85.59%, respectively, compared with the unmodified. NH and - COOH groups of keratin normally participated in the
adhesive body structure, thereby achieving better crosslinking adhesive in the substrate surface infiltration formed on the solid
bonding interface. Since too much keratin cannot participate in the shape of the structure during the crosslinking reaction, the
reduction in the conduction process made a great contribution to the decrease in the strength of bonding interface stress of
composites, thus determining the macroscopic mechanical properties of the material. Additionally, the best biodegradability
was also achieved in the straw molded flowerpot with 5% keratin-modified urea-formaldehyde adhesive. The microbial growth
area was 91.2% on the straw flowerpot surface in 28 days, while the residual mass percentage of straw flowerpot in 6 months
was 64.10%. Consequently, the degradation muss loss increased by 80.95%, respectively, compared with the unmodified. This
finding can provide strong theoretical support to create the degradable straw flowerpots. In this case, crops straws can widely
be expected for waste disposal and utilization in sustainable agriculture.

Keywords: mechanical strength; thermal stability; keratin; straw flowerpot; degradation
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