55214 456 AR TR 2224 Vol.21 No.6
2023 4E£ 12 H Journal of Fujian University of Technology Dec. 2023

doi:10.3969/j.issn.1672—4348.2023.06.005
ERlRNEFERFBEE T
X} 85 = 0 A1 iR 3l 5 1 BE B =2 I

Bz AR AR HEE

(1. BEAFRMIBEARBEEELE TS LR T B M 350118;
2. A IRF PWEAE IEPKR,BE 4N 350118;
3. BB T KF MHEEE TSR AE 4N 350118)

WE . At S AT st B BRI £ B AT RAE G BEIE R TIE WAR T EIFEF P, LF
ATHFEALEERWAELILRRET BHREERARR G ELANTIKE E LA R Hh, B
WK B AT SERA R RACR BA 5 A A AR B 5% B e = 7 7 B R AR S 4 ) Be )
GEFEAIAR AT F AL FRME T AT TRIE, SEREAN, 5 F R RACAEEA 6 M4
H M FEXF 1 nm/min, KH A ZRACERFA T 81.8% , K @Ak EEALT 10.5%, B, MK THE
B Z P REL M, BIRIR S T A8 H A AKKEELAT K E A AT R A SR B 5 R EAK T 33.7% Fe
24% PV AHL T 18 nm, M E e £ 5 R FT 24% A0 5.1% ., & &= BACH: B H o K48 05 2 A7)
TREEZLARMIIRFTURBDREEERE KORATEORERIMILE ZIT B 64K
RAFE B FE T EBA,

KR, B E BATR IR BB &AM R R

HEHZES . THI61;TGC58 XERARERD . A XEHS: 1672-4348(2023)06-0538-06

Effects of abrasive reaction properties and green complexing
agent on polishing performance of sapphire substrates
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Abstract: Regarding the problems of uncontrollable abrasive trajectory and environmental pollution of the poli-
shing slurry that exists in the traditional free abrasive polishing of sapphire substrates, this study explores the
effects of abrasive chemical reactivity and different green complexing agents on the polishing performance for
substrates based on semi-fixed flexible polishing tools. Highly active nano-silica abrasives were prepared by the
hydrolytic precipitation method. Green environment-friendly polishing slurry was prepared by using xylitol, man-
nitol and triisopropanolamine as complexing agents respectively. Subsequently, on a semi-solidified flexible po-
lishing tool, machining tests were conducted. Results show that the material removal rate (MRR) of the highly
active silica abrasive reaches as high as 1 nm/min, which is 81.8% higher than that of commercial silica, and
the surface roughness is reduced by 10.5%. Meanwhile, compared with mannitol and triisopropanolamine, when
xylitol is used as the complexing agent in the polishing slurry, the surface roughness of the sapphire substrate is
reduced by 33.7% and 24% respectively, the PV value is less than 18 nm, and the material removal rate was
improved by 24% and 5.1% respectively. The interfacial reaction rate during polishing can be accelerated with
the highly reactive silica abrasive and xylitol complexing agent, thereby improving the surface quality and pro-
cessing efficiency, realizing ultra-smooth, high-efficiency and pollution-free polishing of sapphire substrates.
Keywords: sapphire substrates; polishing; active abrasive; complexing agent; material removal rate
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Fig.1 Reaction flow for synthesizing highly reactive silica abrasives

% HI Nicolet 6700 HUAH Bt AR 46 2T 4P Sl 3% A%
(fourier transform infrared spectroscopy, FT-IR) 43
AR [ i v T35 Mgl K — AL RE AR A A
JE R e T S R £E SR 2, B 2 b T
1 099.94 801.27 F1 472.66 cm™" {4 W Wi s 3 53] Xof
N Si—O—Si WA XS BRFLAR I 8l % R 7 A 4@ 3
A il R 3h, % R AR AR A RRAE 16, 2 W T
I R e Ak Rk, R, 7E 3 459.33 #
1 637.38 cm™" Bf 3 H1 B A% W e i ) TR T 0 B
T P AR T %) 5 SR R S e i B S s

TR, ARECT R R, R A
BRI 2 RO R A, S EOLEA B5R
FCREs A BETIR 140t i A b s S0 S R
Z [ B T B A

TiC ) 4 3 TR 2 €0 B R 41 0 94k v 2 Y R T
BE 2GR AL B oK R, o bR iy
pH (L Fy 2 26 P 30 4 1) 10, 2% 45 57 23 1] 1k
P H 85 B = 5 79 B AR B B, wy i A
0.8% . X 56 A T A 9 6 80 i 790 449 Oy 2 (8, )
I A A4 R



540 R B TR 4

#2218

B H/%

- =" ﬁ'ﬁﬁﬁ%*l Si-O-Si e X1
— EEEER SOy SO
0 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500 0
K/ em?

2 BMAZSNEMERIEE_SUENOHMEER
Fig.2 Infrared spectra of commercial silica and

custom-made active silica
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Fig.4 Surface roughness of sapphire substrate after

polishing with different abrasives
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Fig.5 Material removal rate of sapphire substrate after

polishing with different abrasives
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Fig.3 Schematic diagram of polishing platform
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Fig.6 Surface roughness of sapphire substrate after

polishing with different complexing agents
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Fig.7 Material removal rate of sapphire substrate after
polishing with different complexing agents
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Fig.8 AFM morphology and profile curves of sapphire substrates after polishing with different complexing agents
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Fig.9 Diagram of sapphire substrate surface material removal modeling
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