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Abstract: Poly(polyhedral oligomericsilsesquioxane-itaconic acid) [P(POSS-IA)] nanocomposite material
was prepared by free radical polymerization of octavinylpolyhedral oligomericsilsesquioxane (POSS-Vi)
with itaconic acid (IA). Characterization by FTIR, "THNMR, XRD and TEM indicated that the synthesized
nanoparticle diameter was about 50 nm with POSS-Vi uniformly dispersed in the polymer matrix. The
tanning properties of P(POSS-IA) for trimming the crust leather were further investigated using tanning
agents poly(itaconic acid) [P(IA)], poly(acrylic acid) [P(AA)], poly(polyhedral oligomericsilsesquioxane-
acrylic acid) [P(POSS-AA)], poly(methacrylic acid) [P(MAA)] and poly(polyhedral oligomericsilsesquioxane-
methacrylic acid) [P(POSS-MAA)] as control. The results revealed that the crust leather tanned with
P(POSS-IA) exhibited higher shrinkage temperature of 68.2 °C while that tanned with P(POSS-MAA)
displayed highest thickening rate of 53.3%, and the ones treated with P(POSS-AA) showed highest tensile
strength and tear strength, which were 31.6 MPa and 59.3 N/mm, respectively. Meanwhile, SEM and EDS
results demonstrated that P(POSS-IA) nanocomposite material was more evenly dispersed in tanned crust
leather in comparison to controls.
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Table 1 Tanning process
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FTIR 3%
Fig. 1 FTIR spectra of P(IA ), POSS-Vi and P( POSS-IA )
nanocomposite material
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AR AORT AR I H AR 20=9.75°40 AT i
i, MR PIME A (2dsing=ni, d 4§ A #E

Fig. 2

(nm); 0 MASF X HLSHIN SHEAIeM (°); A
F X BIRIEK (1=0.1542 nm); n WATHYE)
Hd=9.07 nm, JETHRNHFHRMEA, FH POSS-Vi
JE—RhaE FEA R, 7E P (POSS-IA ) 9K &
MRHIZ b, 78 20=9.75°Kb YT TSR BE AR 8, JF
HKHEBA 25 i e, Uil 1A 5 POSS-Vi RA
T POSS MNP, = TIERSREY, K
T AT

P(POSS-IA)

JR B /a.u.

10 20 30 40 50 60
26/(°)

K3 POSS-Vi #ll P (POSS-IA ) 44k &bkl XRD %4

Fig. 3 XRD patterns of POSS-Vi and P(POSS-IA)

nanocomposite material

2.1.4 TEM %#1

T 5T POSS-Vi 7ER AW H - UG oL, Xt
P (POSS-IA) #KE G M EHEIT T TEM ML, P
(POSS-TA WK E A #18HES TEM B R aniEl 4 Frk .
L 4 ] DO S), B E TR Y POSS-Vi 43 HUfE
BAYIAA P HRKALE 50 nm. 1EK 4
B IRAER 2 POSS-Vi, SR E BIfEERIR
oy, AHRL R Bk, A Z POSS-Vi #f
B, BRZHCEREGW R, ARCRH TEM Xt P
(POSS- 1A ) WIESMBEITRIE, P (POSS-1A) 2K
S e R TR, S R R R
RIRA Ak 4 B ARG, JEL R RS, MU E TEM G i€
R, HH P (POSS-IA) H' POSS-Vi J&HA7 il
ANKRL T, I LA IR R A K. I,
1E P (POSS-IA ) 1) TEM K%+ POSS-Vi HYEI {655
REWIR

K4 P (POSS-IA) GKRE G HEH TEM )5
Fig. 4 TEM image of P (POSS-IA) composite material
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2.1.5 GPC &RAHm AL ZTHH

IR RIS IR ISR, 40614 T P (1A),
P (AA). P (MAA), 5| A POSS &5 7 #1 % T P
(POSS-IA ). P (POSS-AA ). P (POSS-MAA ), %
BT RN RAEWIARXS o i RIS &, 2553
k2 Pimm. P (1A) BB F i (M,)
AP HIX 7> F i (M, ) e P(AA) FT P (MAA)
Ik, RILFHEIL P(AA) I P(MAA ) & ; 51 A POSS
Ja, MHBETXRERY, &H POSS MR GHME
B M, M, FRIES 838, H P (POSS-IA) 1Y
M, Fl M, tt P (POSS-AA) F1 P ( POSS-MAA ) 4
KEEMEME, RILEEFELEL P (POSS-AA) 1 P
(POSS-MAA) 4 KkE MR . 2T, 5IA
POSS J&, REWHAFAE AL, TE LT o3 HE 4L
%, L& H POSS EAMEHY My, M, FURIES
RO N B R . HA R AL TA TR R A
YIARX o Ak, RS RS . X T RE A
FIA GRS E WAL, fAAEM Y, IS P
(TA) F1 P ( POSS-IA ) X4 F B 5 M1k, IR Af 2%
W ERRZERIEL, RN R ARG B E.

K2 FRINERBYEN GPC LRI B

Table 2 GPC and carboxyl content of a series of polymers

B M, M, ppp Y

( mmol/g )

P (IA) 13177 13881 1.05 12.35+0.41
P (POSS-IA ) 15704 16745 1.07 16.59+0.58
P (AA) 22347 26145 1.17 10.06+0.29
P (POSS-AA) 43245 48866 1.13 15.23+0.35
P (MAA) 17805 21544 1.21 10.53+0.29
P (POSS-MAA ) 39596 48112 1.22 15.54+0.46

REWHNT 3 EERE (PDI) AR R AV
FEXT 43 B i oA, BUE—M > 1, PDLBOK, XS
SRR AR ST, RHERE YRI5 T A
ZBK; PDI /N, X BT s A sy, #
B R A WA 37 B A 258/, 3R 2 AT,
P (IA), P (POSS-IA), P(AA ). P (POSS-AA),
P (MAA ). P (POSS-MAA ) {#J PDI #B#%it 1, PDI
BRI, FRHILL_E R A YA F B i A 441
22 MAZR
221 KB ESH

PR WA A e R R, % I R R ) i A
A ACHR R T MR, MR AR eSS . RINREY
PR A R s &l S s, P (1A ). P
(POSS-IA). P (AA ), P (POSS-AA). P ( MAA ),
P (POSS-MAA ) Wl H055 i e 4 15 B2 43 2 62.2
68.2. 58.2, 66.6, 62.1, 67.7 °C, Z5HREWH, 5P
(IA). P (AA). P (MAA) #EiI ML, P

(POSS-IA ). P (POSS-AA ). P (POSS-MAA ) %4
KA R A ) B0 A A U TR R A R o X T B A
4, P(POSS-IA ). P (POSS-AA ). P (POSS-MAA )
MR IETE POSS St AMI, JERL T 3 fbsity, 2
TSR ACER . Kk, REWH
A POSS #i5 TR U ARIRE . Ho, P(POSS-1A)
YK A BB B R W TR e, T RE R A
9 P (POSS-IA ) ZUKE A B 1A HE5H T &4
P REE, (PR, JER P (POSS-IA) 4k E &
MR AR XS 3 B B/ (M, B 15704, My, A
16745 ), TEREHIERT, 8B E, HHEW
PR, B P (POSS-1A) 4k & G A kHI R
Fetrmim, SCHAI AR, PR I A R Y i
5 B
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F F W F
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Fig. 5 Effect of a series polymers on shrinkage temperature
of tanned crust leather
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WE 6 fiias, P(IA), P(POSS-IA), P (AA ),
P (POSS-AA ). P (MAA ). P (POSS-MAA ) #l
PR [ 39 JEE AR 1) 02 31.8% ., 41.6% . 29.2% . 38.0% .
34.9%. 53.3%. HE 6 ATLUEH, %A POSS B4
B ) IR A 3G SR I 8 . IR R R A Y
A POSS #UKAkE, BA—ErIHFEERE, Frld
R R L TR S POSS E A MHRHEE I Er i rp
P (POSS-MAA ) A WHEHI 1R R R K, vheg
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A5 1 H S5 R (1 3R G W S A RR EE 1G5, P DA R
T
223 I ERE AT

Uk s B B R e (Y ) AT REAKHT
B RN T, TR AE SN IR TR AR T AR L
FET AR Z VR 77, LA 58 e il b e e P 14 6B o
iy 240 B 3RO B L URE SR BE AR 2 1 T, TR
SR B AE A VR R T 0 2L A 5 L T K
RIEFE B R RE I A2 ) Fir i 12w B e T
F S R B I O, 25 58 Rz R i AR T 1Y)
i S0V, 2B R A W PR BRI LR B B4 5 M
B 7 FiR .

YLK /MPa

80 L B #2458 B /(N/mm)
W 2/%
N N
60 - 6 N N
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T §
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Fig. 7 Effect of a series polymers on physical and

mechanical properties of tanned crust leather

WiE 7 frak, P (IA), P (POSS-IA ), P (AA),
P (POSS-AA). P (MAA ), P (POSS-MAA ) #%il
PRI B HOIR SR AT IR 22.2. 26.2, 242, 31.6. 23.5.
28.4 MPa, #iREL ST HIE 454, 49.9, 483, 59.3,
46.3 ., 55.8 N/mm, Wi 241 #5552 70.5% . 64.5% .
66.4% . 62.1%. 68.9% . 63.3%. 45 £, &4 POSS
AR B0 A BT 5K DR B RN 0 S 50 R A e %o iy
KE&EH POSS B AWM BHEHISL R, vREEH N
POSS Z5#H Si—O0—Si NIVEZSHIAETE, (3 Fhbt
BT Y B B R AR TR s 2 o, P
(POSS-AA ) K5 G BHRHEE B0 A B sk A 4

SRR, TTREEA P (POSS-AA ) 4KE &4 K
R AWM o T iR m ( M=43245;
M,=48866 ), ¥4I T 5 BB AFAE R sC e A, $E
TR 2L A  SCH SN, £ 4k T
BER R PE R SRR, BT, & POSS &AM A
BT S 1 T e SR IR
2.2.4 3%3% SEM #= EDS 4 #F

TR 5 2 A4 1) 3 HORE B X R S 8 T A e
@, MIEE =0, P (POSS-IA). P (POSS-AA), P
(POSS-MAA ) 44K A b AR il £ S04 A 1w AN [)
R ARECT ) SEM Bl anEl 8 fros. wl UL, P
(POSS-MAA ) K52 G b Ak Xof 72 il 1 5 1) Jig St 2F
A A B - HE T, 3X 5 80 BR o i 1 SR 32 AR
fh—3, X EH N, P (POSS-MAA ) 4K 58 &4k
AR 0 1 TR AR X R R I R AR A
JIT AETF 2 53 SR

a,a’—P( POSS-IA ); b,b'—P( POSS-AA ); c.c'—P( POSS-MAA )
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Fig. 8 Cross section SEM images of crust leather under

different magnification
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Fig. 9 Cross section surface SEM images and scanning of

silicon element in corresponding area of crust

leather (a, b, c); EDS line scanning of silicon

element content from flesh surface to grain surface
of crust leather (a’, b’, ¢’)
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