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Abstract: Oxidation of starch with hydrogen peroxide was catalyzed by tungstate, metavanadate and
copper-iron salts, respectively. The oxidation degree of oxidized starch and the decomposition rate of
hydrogen peroxide were determined. The functional groups and relative molecular weight of oxidized starch
were characterized by "CNMR, FTIR, gel permeation chromatography (GPC) and so on. The tanning
performance of oxidized starch as a ligand for zirconium tanning of leather was investigated. The hydroxyl
groups at the positions C-2, C-3 and C-6 in the glucose unit were oxidized to carbonyl and carboxyl groups,
and the o-1, 4-glycosidic bonds were broken during oxidation using cooper-iron salts as catalyst.
Subsequently, the oxidized starch with a relatively low molecular weight (14628) and a high oxidation
degree (72.5%) was used as a ligand of zirconium tanning agent. The Zr distribution (97.8%) and fixation
(W(Zr0,)=8.0% ) in leather were remarkably improved, and the shrinkage temperature of leather reached
89.7 °C, leading to better tanning performances. Oxidized starch by using tungstate as catalyst had a higher
molecular weight (465095) and a lower oxidation degree (15.0%), and was poorer in tanning performances
when it coordinated with zirconium salt. While, the tanning performances of oxidized starch obtained by
using metavanadate as catalyst was between the above two kind of oxidized starch.
Key words: catalyst; hydrogen peroxide; oxidized starch; leather-making; zirconium tanning; leather
chemicals

ks FER: 2017-09-08; 2P EHEA: 2018-02-12; DOI: 10.13550/j,jxhg 20170727
EEWHE: EFRHELSVFLITR (2017YFB0308500 ); PUJI KA FEBAAS T RHE /L W¥E 4 ( XSHZ201613 )
fEHEN: & B (1991—), B, 4. BREA: FUAM (1986—), 5, AI#EE, E-mail: wangyanan@scu.edu.cn,



111 wOBR, SE AT UK S TR - B TE 5 0 4 A R R BE 5 )

* 1929 -

Foundation items. National Key Research and Development Program of China (2017YFB0308500);

Special Program for Science and Technology Cooperation between Sichuan University and Deyang City

(XSHZ201613)

TEMHE N —FP KRR R T, HRIEERE . M
KRR, AL, SRS S, TRV EER
Tl JFoRHY SR TE R R T AR T B —Fl, e
1o R S K T L ) ¥ R A b Ak i AR R 1
3. HEBRHHLL, SAATERHA KB HEE
W2 RNIEMRAETL S, A EEN— e
fb2g i, R Tl Hh ), Kanth 25 A ) g
ER AU A% 1 LI VE A R, ] 5 R kAR AR
BT, e S TPt (R AR X 40 o e
LT LA L, MELLIS1BIE B e SN, o
B2z, HOREARSE VR SR B OB AR K S5 AL A 1)
BREAATER TR AR D ERIEMRE, PR
P, AR R4 FRF, o] R R IR
FETF, HEE R Rl o) 2R 1 45 A R R 4
Ak il 25 10 TR BE SR AR T B AR R A F R A 1000~
3000, FRILFEDSBAE 10%4A4, 58 HihE
D8R, DR R ) RO 2R ETY ARG
HI LABUAE K S S8R 7], 7 s TR R = SR K =
AR T URBE AL VEHr , PR I R L T 0 K
ZREE] 70%LA I, VB A LIRS B Eh B o] IE iR
FE MR R BB A R o % B AR B A 0 T A 2
R AR At 8 5 7 J S 4 0 Sy G M, R R A I
BB YA A0 AR, IR A R S U e e SR AR
AT AR 201 i A K A B BT, BRI A )
BRFRNAE Bz I £ e [] i sC B FSE R /R T, AT 4 7
TERE R PR E YERE, TOR TG B Ok T
FRE | B A A B pa T HRTI TARUE T 4-
BRE A AT T R E AL IR R . 5 b, AEREL
RN e I S R AR e T = A N I (3
F T VER I S AWML A B 25 59, -4 Ak
FR 38 2o Ak DU K = A T PR R I O SRS BT
AT AR R T A A SRR IR i A R
e AR T oEdy, SCE AR (BRI 3 it
VO3 Hl VO3 Z [H] B 25 e 40 A AL R K 647 T H 46
AR O LA 73 TE =R ey d SR e 2t (N
FRSFFEC AL PERE , A5 0 5 T 5 400 B R o 5 SR o

SR =i DR =R e il NS E AR © N
o P, AR SCHE—2 0T T 78 = AN SR K
T AR | AR ER R LR £ S5 AN R AL 7 X XL
FUKEACTER I FZIR , AT T 4840 7= 0 0 SR AL R
AN M TR EESEWSE, FERETHR
PR Ve -85 L A N B R SRR N R AR E
3 E A P ) 5 B L AR AIE T IS 2%

1 SEIEES

11 MREEE

oK VE R . R K (A A 30% ) .
Na,WO,2H,0 . NaVO;2H,0 . CuSO,5H,0 .
FeSO, 7H,O. #he¥he . A& L. L. mifk
fRmRdh . FHAK . BRALER . fHIR, AR, MERTHRMELL
TARkF) " ; Amberlite IR120 &A1 58 R BH B8 T35
PR, S5 Sigma 2AH]; BRI SCI0 A AL . B
BR%: . /NIRAT . FG-B AEE 1 3RIE M) . NL-20
FE R MB IR I35 Tk, i,

ZDJ-5 HBIEALREEN, IR B
WA BRAF s LGI-30F R ERTIRIL, T UiH &S
WA BRATl; Avance 11 400 MHz ¥ g 4R D 3%
1L, Avance Il 500 MHz #%REILIRIEIEL, 1EE
Bruker 2\ 7] ; Nicolet 6700 {8 B -8 8 2T AR EEAL
2% E Thermo Fisher 22 H]; Viscotek 270max %EKE 4
AW, Be[E Malvern 24 w) 5 SPM-9600 Jii¥-J7 b i 5e
H A Shimadzu 227 ; UV-1800PC £4h-1] JL4366
JETE, LSk h R A IRA Al s GSD ALk,
TCB ki TAHLA FRA R ;. MSW-YD4 %70
BRI AL, PEPERHE K2R CM1950 ¥ ik
VIR ML, 5 Leica /AH]; Optima 2100DV HL/EHH
BB TFIRK G EIEIL, 3 Perkin Elmer /A ;
Pro X &AM BB, 722 Phenom A ; GT-303
B B BERAAY . AT7000-S $7 SIS HL, 25 A
IXES (HRZE) ARAT ; MY-3130-A2 JEREAY, # 8
R A RRAE ; GX-5071 2 HaZhRimHl, &
SETH E ZE R & 25 A PR A
1.2 AEEAFERTEHERRGEE

RIFREL 40 g FERYAI 320 g ZIBAKT 5 A
1000 mL = R, FEHLBIERE T . F 90 °C/K U
HOIAL 20 min, SRJGREIRZE 80 °C, A HIINA 40 mg
Na,WO,2H,0 . NaVO;2H,0 . CuSO45H,0 .
FeSO,4 7H,0 Fll Cu-Fe & & L 7( 8 mg CuSO45H,0
132 mg FeSO,7H,0), TEHEII5IE, MA 80 ¢
WEK (540 30% ) [ i 4 h, HE4r5]F 0.5,
1.0, 1.5, 2.0, 3.0, 4.0 h B %E SE K 3t R
AP RMEARIE R T &R TER, JEmah
WO,. VO;. Cu. Fe il Cu-Fe 52U 4 A ALTER . 5
Ah, F IR LR SCE SRR, EORIMEARTR], AR R
HEACTERT, W E 25 AL TE R 1 AL .



* 1930 -

A% 4m 4£ T FINE CHEMICALS

35 4%

13 SLEMNE

AU BE 78 SR S AR TE o R R R R R I 43 4K
BOET . MRS HSCER[91A T 1%, 70 ok #h iR 2
Y12 TR A G 8 1 100 A A M v i R R R 1) S
AR, RIETHREALE .
14 WEKSBEMNNE

MK B S 25 SCHR (917 34 AL 30 00 o o7 A 3R 1)
MUK i %
15 ZEHEIREIE S

WA ATER AR LT LS R VR TS, B 100 mg
BT 0.55 mL B D,O 1, 31 A Avance 11400 MHz
Wit SR A E PCNMR 3%, J5 F R TERRE
( [E44& ) H] Avance I 500 MHz 4% 4R 38543 )
& BCNMR i,
1.6 LIMRiES R

B VE B R TE M R TR AL, 4305 KBr
RETER, TIE 500~4000 cm ' W TLL4MGE
53T o
17 #XFFRENE

JE T A9 0 4R A ) R X 43 o o S LA A AR
HB S 25 SCHR 91T IR 8 B (0 35 vk AT DU i v s ot
RN 10 g/L, SHALTER Bt Wk B 50 g/L.
1.8 BEFhBRESH

JHZEEK LB TRl 200 mg/L SRR
FAALTER R, AR5 50 BB 3 uL AF ST, T
Tt B, A%RTH 24 h, HET D BB
AT g
1.9 FHEWM SIS R NS

e 1 R A R ( Ze Y TR 1 /L ). AAkTE
I (1 g/L) FEATE M -45 B S i (5 1 g/L
ZeY R /L AARTERY ). ¥ IR TRCT 200~500 nm
WA AT 2R A0-AT OGS . S5 20 mL BifR
B T ROR AR TE M - TC S S, 43 0.1 mol/L
NaOH A e 183 & 2 M BUUE, 10 D05E H 3 mt
# pH, RIMTTVE pH.
110 $#¥XLe

B4 SRBPK G IR IR A B (AR K2, 50 cm x
30 em), FREIFIEIREE, % Fik T2 &M
PR EE I SE S s ) 4 DEESUR A 1T HRR S
100%7K ( LARR Bz it 1t, T 1R ). 14% NaCl #1 17.3%
Zr(SO4),'4H,0, SRJ5, TA 4.8%A A 41 5| i) A AL 7€
¥ (43590 WO,. VO;, Cu-Fe SZHGZH AN HEZH A
TRVERY ); %% 3h )5, F/NRATHEG 2 pH=3.8, FhN
A 400%7K, 40 °CHs 2 h, {F8d®. wHE 0.5 h
J HBURE o FRTUC 28 ek R S 7 s 7 S A o DAL O B
FHYR RV R ALK B e a3 280 o oy 3 )2 (ORI

2. hEZAATEZ ), 102 CHTEfEE, BUdE
R it L 2 ROBUAE /K T i R M TC BB I, N 5 [
2= 5T, 11 ICP- OES il & 85 1) B i 73 4, SRR
HIEEM T ZeO, WIS EL . B A A EE R K
(1) g,

i//]/)—,] fg/% _ 2x EF‘ |Eﬂ)§2102 E"]J)E%ﬁ"ﬁ

RIHZ220, ¥ B M ATIZO T L5 5
BEEEAERE S 24 b ), BEAOFIE R IE , #2500 2)

HELL e
o s, _ FPREE LY — B

g =

U VR THEBLIG 5 EAE T, 4RI TP B3
WL R T T A OBEIEE . R 120 5
Umm 5, ST 2 AR AT,
PBKEE WA S 5 36 35 RO, PRI iR S LY
SR OB IR U BRI, T B L
SIS 0 1 AR

2 GRS

21 EAFIRBEIEMENENZIN

AN TR T e By E AL BE RS2 N2 1 B, 4L
TN WA K o3 i s WL 1, SR fk
FUR X R AR E AR 9 i AT DA S 3 4 v v
HAALEE . Hid, Cu-Fe AELERRE (72.5%),
HIRSE Cu 470 Fe 4 (60%LA 1 ). Cu(I1)F1 Fe(1l)
BIRe I S EUK AR R R I A g, B A 3
XTVE R EA RS A EALMER, 1 H Cu(11)1 Fe(11)
FLFEE A, AL AE A RIS 2GR, R DK
FRAR T 2 B R 1 PR 3, DA v A A SR DO
T VLB, SRR, BUE 2508 T
PEHE Cu- Fe AAHFATHFSY . B4R ER MY M AL HLIEE 5 3L
SEUKTE LS E A TR h IRIMA PR e R s
A, Had BIFARTA A [ 3k 7R AR
(TEB R 60% ) K, WO, 2H SR K 2 il AN
A2 50% (LI 1), (15 =P E LA 15.0%, W]
DK WA K AR B I AR 2 E AR EH . VO, 41
A4k (38.7% ) 4+ T Cu-Fe ZHH WO, ZH216], 1
PURERE I VO5 Al VO5* 22 [8] B4 25 e AL XU
IKIEAT AN, SR B B AR VOS5 IFE
FAUBI B AR LK 40 (1 1), (HHR
EE BRI A R BESS, A LI A
ZE Enl, AR AN A AT LR i U K Y S i
RIFHRE T B AL  TE R LRI ME R T,
A 75 A0 B N ) A SR T by, L2 R RN R o
IR T 22 5, R8s Rl e J5 /N h EAT
Wie .

xlOO(l)

x100 (2)




W11 &

BR, A5 MR BURUK S TE R -5 BC 5 P 5 A8 B T P B 1 52 i <1931 ¢
F 1 AR N E #Y EA B 5 Ccs Céz
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Fig. 3 FTIR spectra of native starch and oxidized starch
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Table 2 Signal intensity ratios of various carbon atoms to

C-5 in the "*CNMR spectra of oxidized starch

C-1 C-2 C-3 C-4 C-6 CHO COOH

/C-5 /C-5 /C-5 /C-5 /C-5 /C-5 /C-5
R 054 080 1.02 033 0.65 0.14 021
WO, 065 043 052 043 071 0.16 022
VO; 0.30 0.76 1.03 0.22 0.18 0.20 0.36
Cu-Fe 0.22 0.33 0.42 0.18 0.48 0.29 0.63
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Table 3 Relative molecular weight of native starch and
oxidized starch

EEAAR A F R BOEIAIN I A B A

7 (M) (M) MTEE (MM, )
JRIEH 1011000 200919 5.03
X e 61391 24679 2.49
WO, 465095 204951 227
VO, 28278 15468 1.81
Cu-Fe 14628 10051 1.46
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Fig. 4 Atomic force microscopy images of native starch and oxidized starch
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Fig. 6 Precipitation pH of Zr-oxidized starch complex
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Table 4 Effect of oxidized starch ligand on the properties
of Zr-tanned leather

Zr op Aty ZeO, ke WIHRIREE  iRE mEK

S1E1% 2 BU% /°C /mm 1%
papi 88.4 7.1 71.4 6.41 483
WO, 75.7 5.7 67.7 5.41 55.6
VO, 95.9 7.6 83.2 7.52 41.7
Cu-Fe 97.8 8.0 89.7 7.96 38.3

5 AR EALTE R IO B B ) 2 MR RE I 5
Table 5 Effect of oxidized starch ligand on the mechanical
properties of Zr-tanned leather

Bk AT S 2458 i
/(N/mm?) /(N/mm) /(N/mm)
X} IR 11.240.5 59.7+4.1 171.4+14.5
WO, 12.6+1.4 63.5+2.2 208.6+8.1
VO; 12.4+0.6 70.1+1.1 278.9+15.6
Cu-Fe 13.1£0.7 78.3+1.4 287.9+8.7

LA AR (R 4. % 5 ME 7) &K, Cu-Fe
21 AR AL VE By - TC B PR (R M RE B, T WO,
HEFHI TR s, BT, A5 E b
TER AT T R AR R e —8, SRLE
AR R A AR . 7EFT & W ELA T, Cu-Fe
A AL TE R AR 3 i I ( M,=14628 ), &
FE RN Fi L 5 ] e A7 6 A B o B R (AR
72.5% ), H5EERE RAELA Yt E HRGHE Y,
M E RAF A8 B MEE G 5 1 WO, 20 FL AR (4 A4H X



A 4m 1 T FINE CHEMICALS

35 4%

/ “

IR0 AT

a—Xf#; b—WO,; ¢—VOs; d—Cu-Fe
B 7 ASTR] A TE ) O A R it 7 2 2T 4 BP9 52 )
Fig. 7 Effects of oxidized starch ligand on the fiber
dispersion of Zr- tanned leather
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