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Preparation and Kinetics of Thermal Decomposition of Silver Peroxide
Decorated Diatomite-Based Porous Ceramic Composite
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('School of Material Science and Engineering, Xi'an University of Technology, Xi'an 710048, China)
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Abstract: Silver peroxide decorated diatomite-based porous ceramic composite was prepared by chemical
oxidation method using potassium persulfate as oxidant and characterized by X-ray diffraction, X-ray photo
electron spectroscopy and mercury injection apparatus. The process and kinetic behavior of thermal
decomposition of the composite prepared were studied by means of thermogravimetry and linear temperature
theory. The results show that the silver peroxide decorated diatomite-based porous ceramic composite prepared
has crystal structure and is mainly made up of tetragonal christobalite and monoclinic silver peroxide. And the
average pore diameter, median pore diameter, apparent density and porosity of the composite are 3.862 wm,
0.354 pwm, 1.794 g-mL™" and 57.985% respectively. Silver peroxide in the composite decomposes at 158 C
along with the formation of silver oxide followed by decomposing into silver at higher temperature. The
mechanism of decomposition reaction is random nucleation and subsequent growth (Al), and the apparent
activation energy and reaction frequency factor are 136.94 kJ -mol™ and 2.48x10" s™', respectively. Compared

with reference silver peroxide powders, the thermal stability of silver peroxide in the composite rises.
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Fig.1  XRD patterns of diatomite-based porous ceramic

and AgO decorated porous ceramic composite
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(a) XPS spectrum of Si2p region; (b) XPS spectrum of Ag3d region; (c) XPS spectrum of Ols region

Bl 2 AgO &1 2L W% 52 G BRI Si2p (Ag3d Il O1s X 1Y XPS i
Fig.2 XPS spectra of the Si2p, Ag3d and Ols regions of AgO decorated porous ceramic composite
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Fig.3 Macro morphologies of diatomite-based porous
ceramic (a) and AgO decorated porous ceramic
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Table 1 Pore size, density, BET surface area and porosity of diatomite-based porous ceramics and

AgO decorated porous ceramic composites

. Total pore Median pore
Sample

area / (m’-g™) diameter (Area) / pm

diameter / pm

Average pore BET surface

Apparent
PP Porosity / %

density / (g-mL™) area / (m*+g™)

0.232
0.769

Blank sample 9.319

AgO decorated sample 0.354

10.023
3.862

1.842
1.794

51.686
57.985

230.000
230.000
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1: TG curve of diatomite-based porous ceramics; 10: DTG curve

of diatomite-based porous ceramics; 2: TG curve of AgO

decorated porous ceramic composite; 20: DTG curve of AgO

decorated porous ceramic composite; 3: TG curve of reference

AgO powders; 3: DTG curve of reference AgO powders
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Table 2 Most frequently used mechanisms of solid state processes

Mechanisms Symbol Sl Fla)
1-dimensional diffusion DI 0.5a o’
2-dimensional diffusion (Valensi equ.) D2 [~In(1-a)]" a+(1-a)ln(1-a)
3-dimensional diffusion (sphere. Jander equ.) D3 1.5(1-)™1=(1-a) “]" [1=(1-a) "
3-dimensional diffusion(cylinder, G-B equ.) D4 1.5[(1-a) = 1" (1-20/3)~(1-)
2-dimensional phase boundary reaction R2 2(1-a)” 1-(1-)™
3-dimensional phase boundary reaction R3 3(1-a)™ 1-(1-a)"®
Nucleation and nuclei growth(Avrami-Erofeev equ., n=1) Al l-a ~In(1-a)
Nucleation and nuclei growth(Avrami-Erofeev equ., n=1.5) AlS 1.5(1-a)[-In(1-)]*? [~In(1-a)]**
Nucleation and nuclei growth(Avrami-Erofeev equ., n=2) A2 2(1-a)[-In(1-a)]" [~In(1-c)]"™
Nucleation and nuclei growth(Avrami-Erofeev equ., n=3) A3 3(1-a)[-In(1-a) [-In(1-c)]"

R3 A0 BIGSIMEEAMBERRMBEET AgO AN a 1 THE

Table 3 « and related temperature values of AgO decomposition of AgO decorated porous ceramic conposite

Heating rate

a 5 C-min™ 10 C-min™ 15 C-min™ 20 °C+-min™
T/K

0% 400.95 415.15 431.15 441.15
30% 454.74 463.65 468.45 473.34
40% 457.74 467.55 473.34 477.24
50% 460.75 471.45 477.14 480.15
60% 464.00 473.84 480.65 484.05
70% 468.45 477.24 484.05 486.84
80% 473.34 480.15 488.74 491.15
100% 499.15 510.15 521.15 534.15
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Table 4 Fitted results of solid state reaction mechanisms for decomposition of AgO decorated porous

ceramic composite according to Doyle equation

Mechanism E [ (kJ-mol™) As! r s
D1 178.95 3.55%10" 0.982 6 0.037 3
D2 205.29 2.59x10* 0.990 7 0.025 9
D3 238.42 4.14x10* 0.996 3 0.014 0
D4 216.22 1.08x10* 0.993 2 0.021 4
R2 111.07 1.33x10" 0.994 2 0.004 7
R3 119.21 7.57x10" 0.996 3 0.003 5
Al 136.94 2.48x10™ 0.998 5 0.001 9
AlLS 91.29 2.32x10° 0.998 5 0.008 4
A2 68.47 7.72x10° 0.998 5 0.004 7
A3 45.65 2.89x10* 0.998 5 0.002 1

x5 BMEMEKREYERA Coats-Redfern 77X AgO BIFMEEMEAMBR S BRI G LR

Table 5 Fitted results of solid state reaction mechanisms for decomposition of AgO decorated

ceramic composite according to Coats-Redfern equation

Mechanism E [ (kJ-mol™) Al r s AE
D1 180.29 6.15x10™ 0.982 0 0.035 2 1.34
D2 203.82 1.65x10” 0.991 6 0.020 8 -1.47
D3 242.85 1.03x10% 0.996 0 0.014 1 443
D4 219.50 2.19x10* 0.992 5 0.021 5 3.28
R2 108.89 7.15x10" 0.993 2 0.004 8 -2.18
R3 117.45 4.70x10" 0.995 7 0.003 5 1.76
Al 136.10 2.03x10" 0.998 3 0.001 9 -0.84
AlS 88.08 8.43x10* 0.998 1 0.002 9 -3.21
A2 64.07 1.6x10° 0.998 0 0.002 5 -4.4
A3 40.06 2.73x10° 0.997 8 0.002 2 -5.59

W) LLSF- 4 6 4 Al 22 #1022 AELAE Ry %l B 40 e, 0 7 e
FIBEMIHLEE PR A, I3 4 AR 5 BRI LA H |
AgO &4 Z2 £ W 8 52 6 A BEXT 5 U T3] AH 52 1 AL 2
PREHULA A5 21 1 45 5 v A1 ML bR B R M A G R R
r {8 0.998 5 e K, b i f 22 s 1H 0.0019 /), HW
P B AAS 200 E 2218 0.84 fie/hh, Rk HLBRA
#1 A1 B Avrami-Erofeev B9 A4 AU RIZ RS AL B 2
AgO &1 Z2 LB & 52 G MRS i S R LB A i
B AL ERBE Y A1 ) FH 21 AH S M 3547 1) Doyle
BUEL 7 B RELh J1 22 28k, iHES Ry, RIS
L HE E=136.94 kJ-mol™", S 4 % K - A =2.48x10"
57 SRAT A I A 1 Ak B AR IR0 R I S N A
31.67<E/RT)<39.21, ¥ /& Doyle J5 % 1 20 <E/
(RT)<60 X —1B 15, Ui IR H] Doyle 75 A& A HLH
ORI 1) 3l 2 7 R Xk
da/di=2.48x10"xexp[-136.94x10Y(RT)|x(1-a)  (6)

N T HE— L AL RN AL E M, SR
Ozawa 5 AgO &M ik e + B 2 AL & 5 &+
BHEFHR A4 5.10,15.20 °C-min™ B AgO 53 fif
G Ag,0 it A8 H R R] (9 5243 i A2 o I AR S5 fi
ALRE . Ozawa & —FE BRI, HEFFRE E
(BT 50 R 5 R s 7 ML B b KA 6 3% 3 B0 T PR I
M HLFREBE T R 1R 22 . MRYE Ozawa 5 FEEY

lgB=1g|A E/Rg(c)]-2.315-0.4567E/(RT) (7)

18 4 FPAS IR 0 FHR R B B AH [F 1950 o
(W3 3), LA45 o 1Y 1gB8-1/T XF X (7) FH He /N T i
VELRMERLE  hRLROR TS AgO B Z LM % E & 4
B AgO I3 i Ag,0 F2 AR IS Y B AE, H 2
WFE6, thigE 4 £SME M EET KM, A
USRI AR B0 E (G, B AL VUM EfE
5% o ZMEFIHEMSIMN EEIE -2, EWT
A1 HLFERIARY A ERA R I AgO B Ak i - HE 2
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Table 6 Activation energy of AgO decomposition of AgO decorated diatomite-based porous

ceramic composite obtained from Ozawa method under different «

ol % 30 40 60 70 80
E [ (kJ-mol™) 127.39 136.78 137.65 13391 131.93 133.51
r 0.991 2 0.996 5 0.996 8 0.991 4 0.992 7 0.961 2

fLFG & S5 MR AgO 73 i i A e A 5 R ik
[ i HEAT A 1 7 78 AgO w09 B ol T3 5 T
1o, IR B T 8T 5 B3 A 04 Jey 988 B 0 L T
WA BRI ARG Bt — 25 KR B, ik A
PR, DR B A AR ik S B R R AgO 2R TR A
Ag0 S BN BT BT AgO FRRHEE
E7NibpuR

3 & it

(1) DL B oh A, SRk bk i
P2 AgO kLB B Rk R R 2L b AT
AgO TN 18.5% , F¥FLHAZ N 3.862 pm, T {H
FLEAN 0.354 pm, BWEEH 1.794 g-mL", FLE
RN 57.985% M AgO B HMifk e + R Z AL EE A
OEL ;28 1 52 G AR R SRR SR | il OE T A R
7 AR AgO ZH AN,

(2) AgO &4 ik 35 1 Ik Z LB & &2 & A ok
AgO WIS 5y WAL 158 CTT IR o3 i i 3B
W Ag,0,444 CilE— Lol Ag, & 514 CHr iR
B 55 A0 MR H A MR AgO i FAER
FETESR

(3) AgO M ZALF & 2 5 M BT AgO 43 L
Ag,0 RIPLERJE T UL Avrami-Erofeev A9 4% 4= i Al i
A S A B A1 MLBR 43 B N 3% W TG 1L g
9 136.94 kJ -mol™, SO AT KR 2.48x10" 57!,
AR B 3l 3 24 J5 B XK cdasde =2.48 x10™ xexp
[-136.94x10¥(RT)]x(1-cx) .,
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