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Table 1 Proportion of HAc and PVP used for zirconium sol

Sample Zirconium n-propoxide/g HAc/g H,O/g PVP, w/%

Al 6.4 2.2 4 0
A2 6.4 2.6 4 0
A3 6.4 3.0 4 0
Bl 6.4 2.6 4 0
B2 6.4 2.6 4 3
B3 6.4 2.6 4 5
B4 6.4 2.6 4 7
B5 6.4 2.6 4 9
B6 6.4 2.6 4 11

fEEEN: U W, 5, 1991 44, i, dbR B TOREMEERE, Jb 100081, HLIG: 010-68912712, E-mail: 530879108@qq.com



° 1262 -

Mty e m A LS TR

%49 35

PRl L FREE, N LB Tk, EEBEEE 1 h IR
o ARALSEES ks PVP 5 2 B 1 K F& e LU AR S i
TN IE N BEES A W5 =P 1 h SR

Or IAREL— 8 S B IR CRA B4 B LGl 4% ),
fEW I (IN-803A) HIKIKHE (SL8304, Fi%l2) Mkt
kL Bl 60%Si0, (1~3 um, 99.9%) Nkl K5
PRSI A IRAF TN R, A IR AT HURE RS 5 Uk
BALR G , WEEE N 20~40 mm/s, R)Z
JEEE 1 mme 62 (UR 2 TR AE 70 °CHEAE 4k
2h, RELHEZ.

SKH FEI TECNAI G*20 TEM F ML JKERL 7 K
ANFI AT, R NDJ-8S BB AL T R AL IR
KH] S-4800 SEM FRALVR AL = ) BB, K
] Bruker D8 Advance I X ¥} £k i1 51 43 M A 43 #1812
ORI AE AR A . A BH-JLP sl Ao
AL MR A PP P i K IETREE R 1300 °C, Belt
fHE 4 10, 20, 30s.

2 FR5i118

2.1 HinEREYHI&

1l A ) UK R T LS sl 45 10 5 e TR AR B 41 45
WIBSA N 60% Si0, il % LR = 1 B MIES . W] LR
e, B UKIES RS I 5 0038 0, B RS PR e el vk
IR T IE W, BRI RAR . X2
T UK IR B S /D N, K I DA R 1 7K A A AL AR
FH 25 A DK 1 s 1 H (R SR i ek, i 4 00 TA
KAEGE R, 30 (D T AT, B H IR R T
KRN PERIRE N, FEH&RZE BRI A
2, W 1a fros. Ji— T, B UK RS 0= 1K R
o, WA R LA Ac- AL AR . Ac- 5
Zr(OC4Hy)y JE R WAL AR I AT, 03 Ze-OH 1742,

{1555 Vi I B T A R B RIS, Y e 80 88 BRI I HL o
HEW, WE 1c Prox, Frifl&in)= s oF Bl R
SR B RS, R AT A S UK B RN I 2.6 ¢
I, VIR AR E M, il & TR = A R LoD, fa
RPRERAC, R R RGURE, WRIZA
AP s, Wt — 0 ik ot
Zr-OR“+H*—Zr-OR+H,0+H —Zr-OH+
ROH+H" (1)
2.2 PVP MEBARKMEMN
K H PVP ] A2 A& RIS CHEAT R4 ek, IF
XFAN ] PVP S I e S 085 35 VS N 60%S10, il %
TRz o B 2 SOV 5 B i I ) 5 U 2= 1) oW
TESE, v UG BIC PVP MU 85 3 VR 12 R A7 A8
Mk e, HIMLRTE . PVP INING, WL
i, WERMmIEIR A RN, BT, R
SUH K. O TES A A, BEAE PVP S0 & 19,
WA WORRLOE WD, R Sio, WUk g i, 4 PVP
TR 7 HOCA T% I, A ROR LU R D, TRz
B XL T PVP NN, 0 T IR IEE, Sio,
TURLE V5 TS T R T B 28 R AIG, A A DR R 1 7R IR
T BRI AT, A1 BRI SiO, BURLAT PVP JE R
Oy T WL LR, AT R BTN IR A ] Ak i A v PR R
gy N Ty, TR IR TR . thE 3
A, B PVP SN, W RORLAR B S 9 Y
KI#ass, 2 PVP &g 7%, Wk, kT
KANGIATIEIS), BT 2% 1)U S TOME 2 STk B die
A, WERWEE, WE 2d. XEH T PVP g H A
T Jie 1) 280 B 55 S RORL - IR FR BT i U B AR 3, TG
bl ARRPS BT SARTTREA B YO ZI P S S5 AR BRI 5%
N, KRR A A AU 385 A3 A IR IR AR B IR T
FSASE 355 B SRR R ), A7 20T i ] A4 R o ) )

P 1 A TR UK T TR VA T o 45 0 B Vs JR AR )2 1 5 T 3
Fig.1 Macro-morphologies of the zirconium sol and coating with different addition of HAc: (a) 2.2 g, (b) 2.6 g, and (¢) 3.0 g



4 VF SR IR AR TR R KA P REWTT - 1263 -

2 RIA PVP & i BB A IR U J2 B OW B 3
Fig.2 Morphologies of the zirconium sol coating with different addition of PVP: (a) 0%, (b) 3%, (c) 5%, (d) 7%, (e) 9%, and (f) 11%

Sample Bl B2 B3 B4 B5 B6

Particle size/nm 6.6 6 56 4.4 6.7 8
Viscosity/mPa's 20 31 39 46 55 60

Kl 3 PVP X IRORL - /N RIS B (152 1
Fig.3 Particle size and viscosity of the zirconium sol with different addition of PVP: (a) 3% (sample B2), (b) 7% (sample B4),
and (c) 11% (sample B6)
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Fig.4 Morphologies of three different adhesive coatings: (a) zirconium sol, (b) silica sol, and (c) sodium silicate
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Fig.5 Back surface temperature of three coatings under 1300 'C
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Fig.6 Macro-morphologies of three coatings after 1300 ‘C flame ablation: (a) zirconium sol coating, (b) silica sol coating, (¢) sodium

silicate coating, and (d) without coating
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Fig.7 Macro-morphologies of the zirconium sol coating after flame ablation with different time: (a) 10 s, (b) 20 s, and (c¢) 30 s
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Fig.8 DSC curve (a) and XRD patterns (b) of the zirconium sol coating before and after ablation
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Fig.9 Micro-morphologies of the zirconium sol coating after 1300 C flame ablation for 20 s
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Preparation of Inorganic Coating by Sol-Gel Method
and Its Thermal Protection Performance

Xu Feng, Zhu Shizhen, Ma Zhuang, Qian Yan, He Dongdong
(Beijing Institute of Technology, Beijing 100081, China)

Abstract: In order to realize the thermal protection of aluminum alloy structural materials in high temperature environment, an inorganic
zirconium sol coating was prepared on the surface of aluminum alloy by sol-gel method. The zirconium sol with good stability was
prepared using n-propanol zirconium and glacial acetic acid. The effect of PVP content on the size and viscosity of zirconium sol particles
was studied. The mechanism of PVP on sol particles was analyzed. The inorganic coating was prepared by adding 60% (mass fraction)
Si0,, and the coating was ablated. The effects of different adhesives on the coating structure and thermal protection performance were
compared. According to the macroscopic response and microscopic morphology of the coating in the ablation test, the thermal protection
mechanism of the inorganic coating at high temperature was analyzed. The results show that the stability of zirconium sol is the best when
the content of glacial acetic acid is 2.6 g. After optimization of 7 wt% PVP, the zirconium sol particles are uniform in size and have the best
coating property. The silica sol-based coating has the best moldability. After the three kinds of adhesive coatings are ablated at 1300 °C for
30 s, the substrate is not broken, and the water glass-based coating peels off after ablation; compared with other adhesive coatings, the
zirconium sol-based coating has the best thermal protective ability. During the ablation process, the zirconium sol particles dehydrate and
condense at high temperature to form nano-zirconia particles, which are dispersed around the filler and produce good synergistic heat
insulation with the filler, so that the coating has good high-temperature thermal protection performance.

Key words: sol-gel method; inorganic adhesive; inorganic coating; thermal protection performance
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