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Abstract The utilization of hazardous waste chrome-tanned leather shavings is a difficult problem in the leather
industry. Collagen, the main component of chrome-tanned leather shavings, can be used as adsorbent material;
however, its application in the wastewater treatment field is limited due to the low stability and subsequent desorption
challenges. In this paper, adsorption-degradation collagen/ZnO composites were prepared by in-situ loading of zinc
oxide nanoparticles (ZnO) on collagen fibrils extracted from chrome-tanned leather shavings via acid methods. The
infrared and X-ray diffraction spectra showed that ZnO with sheet hexagonal wurtzite structure was successfully

loaded ; meanwhile, its own photoresponse range was unaffected and the forbidden bandwidth was 3.20 eV. When the
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concentration of zinc precursor solution was 0.12 mol/L, the pH value of collagen fibril dispersion liquid was 8 and

the mass of collagen sponge was 60 mg, the photocatalytic degradation of the composite was the best; namely, the
degradation ratio of 10 mg/L. methylene blue (MB) reached 95.2 % within 160 min and still reached 87.5% after five
cycles. The fitting results of the kinetic models showed that the adsorption of MB by the composites was according
with the pseudo-second-order adsorption kinetic model, which was controlled by chemisorption; moreover, the photo-
catalytic degradation of MB obeyed the first-order degradation kinetic model, and the highest degradation rate was
0.0172 min™'. Additionally, the introduction of ZnO enhanced the antimicrobial property and thermal stability of the
collagen/ZnO composites.
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Fig.2 UV-Vis DRS(A), Tauc curves(B) and photocurrent response curves(C, D) of ZnO(a, C) and
C-Z(b, D)
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Fig.3 Adsorption curves(A), adsorption kinetics fitting curves(B), photocatalytic degradation curves(C)
and first-order Kinetic fitting curves(D) of 10 mg/L. MB solution treated by COL, C-Z(0. 02), C-Z
(0. 04), C-Z(0. 08) and C-Z(0. 12)(pH=8, m=45 mg)
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Fig.4 Adsorption curves(A), adsorption Kinetics fitting curves(B), photocatalytic degradation curves(C)
and first-order Kinetic fitting curves(D) of 10 mg/L. MB solution treated by C-Z(5), C-Z(6), C-Z(7),
C-Z(8) and C'Z(9)(Czn((:113com2~2112<> =(0. 12 mol/L, pH=8, m=45 mg)
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MT5. 6% 3 2 94. 1% 5 B IEEF4E 73 U pH {ELARSENG T S I 23 5 MB A fige R [ 2 87. 2%, B
WE A I I 2T A3 O 0 pH AL RIS I, S PRt PR Se i e feimlisss . b, LE S8k (Y2
e AR AR AR AL A — S, YRR AT 2k 0 ORI pH Bl 8 B, R (ELRE R fE . (Rl 2%
B2 B I SRR, RSl e i R B 2T 4 BRI pH (R 154 8.
233 MBREXMEZaM R MM EELERNZE ES5SAMB R TEGHECZ(8)
(¢sncinycoo,amo =0- 12 mol/L, pH=8, m=45 mg) X AN [l < & MB ¥ 980 1) W B iif 26 Je Ul — 2% $00— 2 W i
AR, rTRIE H, B MBI AR B, Bt AR R AR A AN TR . AN () B8 e iy 2 B X 4+
BB T2k, T MB R R A e B, D AR S U R s i 2 25 S AR
C-Z.(8) W B AN [F e B MB ¥V A P00 — R R 2 1 2 - S 80 (R 83, WA SCSCH#AR ) Al A, BEE ekt
WREERIHEIN, S BRI PA i (g, ) Fe PR N 22 (5. 8560. 383) mg/g, % P2 HE K MBIE Ik
ORI AR AL , 2B G- W B R0 1 52 A5 K A A BB, VIS S AR B R A e JBE 22 7 A
RGHRST7, RES et MB 231 [l -G OB R4 M2 MBI oK BEA B —E(Er], TSR
AT AT PR LSRR 0, I L g/ 3822, MBI WA EE A 15 mg/mL Il 2 25 mg/mlL, ¢! {32 T
0. 976 mg/g™".

SAEMEEC-Z(8) RANTRIHE HE MB 7 1) C AL e i £ A — 28 8l g 2 05 R AN &) 5. (C) F (D) Fie
. ALUL, MB YRR BERAIRIN , 525 A BERT MB SGHE AR AR 30 S A R 450w 5 Bl MB VAR 2
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Fig. 5 Adsorption curves(A), adsorption Kinetics fitting curves(B), photocatalytic degradation curves(C)
and first-order Kinetic fitting curves(D) of sample C-Z(8) for different concentrations of MB solutions

(CZn(CHSC()())Z-ZHz() =0. 12 mol/L, pH=8, m=45 mg)
FIARSERT TN, P BT EREAR . 24 MBI AR 10 me/L IR, MB A Raf A 3 700 e A ok 48 B e AR
390120 94. 6% F10. 0167 min™". 1XJ2: K BEHE MB VB0 E B30, IR A2 63 R, S BUEAL R0
TR AR, mi AR R 2 AR R B R B 1 5 MB SE il PEAL A, A SEE S
MRS MB YA RCR T RE. BRI, B8 10 me/L I MB A J5 8252 50 DTS e )
234 REBHRENEZSMBRMEALELEREZE B 6(A)~(D) I AN 5L T
TR B C-Z(m) (e comyanso =0. 12 mol/L, pH=8 )% MB VORI IR . WELBRE S 13 24002 i 2

15
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Fig. 6 Adsorption curves(A), adsorption kinetics fitting curves(B), photocatalytic degradation curves(C)
and first-order kinetic fitting curves(D) of 10 mg/L. MB solution treated by C-Z(15), C-Z(30),
C-Z(45), C-Z(60) and C-Z(75)(cZ“(C,,BCOO)Z‘Z,,ZO =(. 12 mol/L, pH=8)
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FEMEABE AR 2k S — e sh Tyl A gk .t 6 (A) AT, Bl I S it 2 SO i i 35, 52 M4 REXT MB
FIRT IS B 33T 30K e AT Ay JSE D 4 o 496 R R RS S B MBI W 67 U522, X MIB IR 38 8 g 5 T
Y SR AR T IR B 75 mg I A G ARHR WL BT R T R R, X T Zn0 I AR 2, S TR
ST YR TH ) E RE AT RV SRV A, S0 B4 Y B0 I

WA SEUNE SACASCRHF R IR . B B 520 BT i 3G N, 525 B REXT MB -1 157 0% f
SN . YRR B RN, A RORH R 5 58 AR R, RTTRFAR PR, SRBLH B 1 g,
(EL; HR TR oot B Ny, ARRBE S A2 s RIS 5 0 52 T4 AR A e RE 65 MB AL
A, NI AR g (B

FHEI6(C)FN (D) AT UL, Fifi e St v 43 o B3, ZnO A R R B2 385 I, (8145 52 A BH e fb b
REFRTE, 240 JEUV 40 0 il 60 mg h, A2 4 BE X MB [ G Ak B it R RS A R Ik B i i, 40 3o
95. 2% F10. 0164 min™"; T 4 J S 6 28 BT F AR SE3G N 22 75 mg B, PR G PR C-Z(T5) IR BRECKR, 23
CHUN BN , 3BT A OGRE, X MB R A 8 R0 252 S A

G LR S BETRRIE ¢, o000 9 0. 12 mol/L., IEVLFHESHERE pH {9 8. B4
JF RN 60 mg i, BTS2 A AR 10 mg/L MBI RA fre R G AL AR
2.4 {EEMERTHE

T’fczﬂ(mhcomz-zuzo 70 12 mol/L, B8 4T 4 43 1Y pH 8 R0 I 4 o i 43531 >4 8 1160 mg 2544 T~ il
F AR/ Zn0 A B C-7., Z5 5AFIA U 10 mg/L MB ¥ 1R Ao Ab SR a2 i (7). |
K7 R, EARR C-Z e Sl 2 0, 3

T A TE I AR BRI, X MB [ B AR SR R 100 1 st 2nd

FFFE95. 0% Loy s IR S e, HoGMEfb ik 80} : :

AT REAG, (EX) MB (1) [ fif AR SR T DA HF A s

87. 0% VA I, UEHIZ I 530 5 A A R A7 gf 40}

S =28 S ORER | 4 N 5 EX Y i o 2l

b MB B, 5% B BLEOIR Y, W A SR ok ; : : ;

HAS /N H A K Gk G (1S3, WA SO R 0 160 320 480 640 800
5, R4l e 2 T LR R ) A B Time/min

Fig.7 Cycling performance of C-Z for the photo-

RS EPEAEE, 2B HL MR/ Zn0 54K
AIERSEH , A3 MB JS TSR35 11, DR
T MRS T FLEAT Bt RO PR A B 1
2.5 AREMEMMENE

P 8 7~ HH A I 5 e J5U/Zn O S5 B RL C-Z 1) DSC 4 (A) S BT ACREN(B). HIEI 8(A)FTIL, 442k
ZnO W5 | AfE7S C-Z BB AR IR (T,) h 63. 0 CTHR 2 72. 6 °C. AR PERE 2 I8 T 200 | JufEfe
T3 T KR DL SR A AR T . I IR AR 4R T s 5 —COOH L —NH, 3 15 PERE A, — 5T

&)

degradation of MB solution

72.6 °C

Endothermal
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63.0 °C
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Temperature/°C
Fig. 8 DSC thermograms(A) and antibacterial effect(B) of COL and C-Z at 24 h,48 h and 72 h

Chem. J. Chinese Universities, 2024, 45(3), 20230416 20230416(9/11)



. P4 5Ky g R

I l I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬁ?‘fift\,l

A5 FT AR P B Zo R AR SR, 55— 7 TN OK ZnO 1 g JE AR RHEAT RIF RO PR 2 TE
DRI M I D 2T 4 2 T D7 3 28 Zin O ] i e ARG 2.

ZnO bR T HA S B YERESD , B HAT U AHTEPES . i 8 (B) Al L, Al i i) &) Rl
T ORI, HEEEFRISRIRGE R, RIGHF R 2 5 90K Zn0 5 AT TRSUE R BOBTHTE, 2
AR C-7 Ji] B AT LEE B AR LY S 23. 0 mm HYAN G P, I ELITRT R oK B 1% 7 5 ] B SEE R T O], 106
WIS SRR RAT KA RIE

3 &

A 1 AR T2 DN P R AR SR U R AR 4, IR | JGRE A YRR E R 9 K ZnO SR 5T A
JE It 4 1 EL A W B - A AU BE ARG I/ Zn O S ML, 2588 T HOGE MB MR B RIRE ek B . 2 A bRk
B 45 S AT+ BERT IR AV RO B 4 0. 12 mol/L . 8 JE4F 2 43 HOR pHAE o 8 . Jie I 4 I iy
60 mg. A HRHBIEEMNT T N 3. 20 eV, XiF MB A9 25 B o TR GE Ak 22 W R A AL R, 5 4l AR
b, MB 5 BRI T 44. 0%, B AR 4 0. 0172 min™', JEFR 5 U5 % MB 1 2255 5475 AT 35 3]
87. 5%. AR LI ) 45 A o T I R 2T A R R 2 L A W A B A R ST ER A B A IR 4R,
1 TNk ZnO FE 2T 2 3 1 440 78 0 Zn™ 5 8 JEU A R R FR L 1a) O BC A/ P, A2 A AR Ak 4R s P R
PP B, VISPEIREE R R 2 72. 6 °C, M B EAR L R 23. 0 mm, EEG T AR ARE A T
VS T 5 RS 1 = R 25 R P L B K T O AR R ZnO ME LA IR B4 PR R . RS SR T R i Y
“ARPE AR, HAE KA AT EAT B e A R R
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