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ABSTRACT

Treatment effects of dilute hydrofluoric acid (6 wt% HF) on the surface properties of AI(OH); were investigated at the molar ratio
of F/Al(fluoride/aluminum)=0.15. Temperature and pH variations in the reaction system were recorded to analyze reaction mechanism
between Al(OH); and aqueous HF. The reaction of HF to the surface of AI(OH); accompanied with a quantity of heat evolution,
resulting in increasing temperature of a reaction system. And also the reaction was proceeded as transitional state which metastable
o-form AlF;-3H,0 was transferred to insoluble B-form. The resulting B-form AlF;-3H,0 formed by a surface treatment was
identified by FT-IR and X-ray diffractormetry. The formation of B-form aluminum fluoride hydrates with diameter less than 1 um on
the surface of AI(OH), could be visualized by SEM image, making up a coating layer as precipitate-like. The surface whiteness of
Al(OH); treated with aqueous HF was furthermore increased approximately 6.6% due to the formation of surface hydrates.
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Table 1. Chemical Composition of Al(OH),

Residue

i lloec e SO, €l Fe

Component

- FER

Wol 4]

FE3Ae HF Aol 2ls] Al(OH);]

Composition (%) 62~67 03 005 001 001
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% 50 {10
0 5 -—ﬂ‘”fdﬂ-l 0

o1 1 10 100
particle size (um)

Fig. 1. Particle size distribution of A{OH); used as a matrix.
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Al(OH);2] WA= HF 80| Eoi9= 1L £59]
S FEk3 kgl AIOH):E AA3] Arisid 38
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Table 2. Mixing Ratio of F/Al for the Surface Treatment of

Al(OH),
Starting Material Al(OH); HF F/Al
Specimen (s) (ag.)*  (molar ratio)
Al(OH), 1.0 M - -
AH** 1.0 M 0.15 M 0.15

*Adjusted concentration of HF solution : 6 wt%
**Specimen treated with 0.15M HF per unit mole of A{OH),

Aqueous
HF(6 wt%) .
solution

F/Al = 0.15

molar ratio

AKOH); Matrix

Agitation/ 200rpm

Treatment 30min, RT
AH
105C L
Drying Characterization
24hr Ty

Fig. 2. Schematic diagram of Al(OH), surface treatment using
HF.
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7 a-AlF; - 3H,0(s), <25°C
3HF(ag.)+Al(OH)(s) (1)
N B-AIF; + 3H,0(s), =25°C

2.3. 9128 % BN BY

HF¢} Al(OH); TANFEAIC] 548 Felslr] fl3te] 4
2ol wHkA| bl e ukgAle] &% W pH WEHE A
gt WREIE ERlstral kit mAE] AOH); %
HF #8do= Frxzld Al5e] gshtx Halel A A
ES 8l FTIIR #%7](Model : Bio-Rad Digilade Divi-
sion FTS165, USA) & ©]&3ld SA3l3rt. THAe Als
Z ARES ARAEE X-4 58 E47](Model : Rigaku
D/Max-IIB, RIGAKU Co. Ltd, Japan)E °©]€3l Cu Ka,
1.5405A9] X-ray9& AHE3t 30KV, 30 mA Z7olA
St Mer B9 G454 TGAModel : TA-60WS
Thermal Analyzer, SHIMADZU Co. Ltd, Japan) & ©]
B3} air EH71A $&E% 10°C/min2 ZYFIL L
~1000°C71A] &A1t} g HF 8oz FuxzlE
A(OH);¢) EHAUAE] morphology?t HEAelE= SEM
(Model : XL 30S FEG, PHILIPS Co. Ltd, Netherlands)ell
o3 #akstqict.

FHAY F AOH),e] ¥ WAT (surface whiteness)
8 WA =3 7](Model : C-100, KETT Co. Ltd, Korea)
2 2A4319eH, o|& vAHe] A5}t vlasi]ct.
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3.1. 8872l 25 % pH s}

Ao HF 4843 HEE AIOH);9 HH-HHo|
M= wkgA|e]l 257} 25°C ©]81 7% metastabledt &
49} a-AlF; - 3H,07} AR, Wh--7e] 257} A3t
o] 25°C o]go] HW stablet B-AlF; - 3H,00] 849
AREZ YHHE 1719 HQ kg APt ?

£ doxie FAIY EH7F 01590 IR HF 78
o] AlOH),E Fshtd ZAAg I (AHS :-1489 kl/mol)
S ukahEA HkgAle] 257t ASEE AL 3 5
ATt olefdt A HARE] Hs EHAE] wkgF] o
A7kl e wkgAle] £ 9l pH WH3ElE 108 7HFow
=Asgom, o] Fig. 39 JYeRAITH HF $-89)
AlOH),Z 43P 7)ol vheA|e] 257} 242°CelA]
38.6°C7HA] A3%] w3ttt whgAlZke] A=EE 36.1°C
—31.6°C—29.8°C2 AMAM3] Zadhs dafo] HaA= . o
o} 7+ nkeAle] FAF x50 Z2RE HFSH AlOH),
9] ¥hg-o] Ftoluloll Al&EtA z13=™, AOH), EH
HNEEH B2RALAHO AFEE o —1489 kl/mol o]
daae 4utVslma 849 B-AlF; - 3H,07 B EE
Aoz e} o)A WAl 27}t 25°C olollA
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Fig. 3. pH and temperature changes during surface treatment of
AI(OH); at room temperature.

Y= ER gkg-2l(1) 3 7o) Wke27]o= metastabledt o
el AIlF; - 3H,07} soluble intermediate AERZ EA3)c}
7} ¥kAI7Yo] AFEHA stabledt BE AIF, - 3H,02 A
8] Aolx|al, F=ro= insoluble precipitate2 AIl(OH);
Edo] A4gse Aoz AaEd.

g WkEAIS] pHE whS-E71d 2.0 7kA] Astsivir) vt
SAIZFe] Aol 3 pH7F 348 7HA] st F 3.4~35
HARRE Ao Hgste= 73S Bt} vheE7ol= HF
oA Fael Mol dlEle A pHrt ZAsitirt Bl
2(F ) H&=E Al(OH); FaHA i€ OH ¢ A%
&l H,0E FHol=HA whgAle] pH7E Hgsts]a, o]
FelolA aB AlF; - 3H,08] A8 2 pHoze] Holuke-
o] Y= ZoZ AdHTH

o|e} Zro] wESAIS] pH WSIZHE ofAd=e HF
AI(OH);7ke] uk-goll 28] AIF, - 3H,07} A HE whg-8
8oF3Pd ohe 2

3HF(aq.)—>3H (ag.)+3F (aq.) )
3H'(aq.)+30H (aq.)~3H,0(I) (3)

3F (ag. +AIOH)(s)+3H,0(1)—~>
AlF; - 3H,0(s, B-form)+ 30H (aq.) @

7] REEAF ()oM FFlA HFS 231 (heat of
fusion, AH)S ©F 3.93 kl/molo|™, HFAA siz]®l Eo]
23 AOH);] ¥hgll 23] A== B-AlF; - 3H,09] A
HAAHPCYS —1488.9 ki/moldl Aoz Y|z Ut
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HF2| ¥Hx|g] vkgoll ¢Js] AlOH); FHo| AgAlo] oAt
&= B-AlF; - 3H,08 R13517] fsld EHAAE] & A=
AEE o FT-IRFY X-4 IHENE HAEHoH,
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4. FT-IR spectra of non-treated AI(OH); and AH.
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5. X-ray powder patterns of non-treated AOH); and AH.
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Fig. 6. Weight loss change of AI(OH), treated with HF solution.

234375 Fig. 49 Fig. 591 22 ettt FT-IR &
443 wixe] AlOH); [Fig. 4]t @2l A€ A&
[Fig. 4(b)]oNA1E 1615 cm™'o|A] AIF; - 3H,0¢] vibrational
moded] 93 &4 At BFEUL'Y X-A AR
A3}, 20 15.56° 30.14°0A trigonalB o] A AS] B-AlF; -
3H,09] 2A39aE 1T & AUt Wi AlOH),E
Aeolal HESZ AE)alal, A=A HFee] FSFndol
A ks BES AF; - 3H,00] AAEE AL 0T ¢
AR

o]9} zro] HFY] wwAzd] <3 AAE AlF; - 3H,0%
thombohedral AAF%E AUn, ztzte] Ale] 67§2] Fof
WA dAshe sgtEelH, Al-Fe= 0.170~0.189 nm,
F-FE 0253 nme] 9347 AZE $xstz Aok

33. 9B EN

F/Al BY] 0.152 ZHAZE AEE AR dF5%F
(TGA) A4S vlAg] A&s} Blaste] Fig 6o et
Ytk gubgoz AlOH)y EE3EY F3gadol
34.6 wt%[4r-5-2)(5) F=x]olH, AlF;-3H,00 T3 04ag0]
39.1 wt%[HH-2)(6) F&R)e]l "ot EF% 443 HF=
A28 AOH)s= 9F 355 wi%®] TFUAE =], o
£ F/AIQ] E8]7} 0.15%1 27AA 1k (4)e} 7o) F o]
23 AOH),7} w33l AlF, - 3H,09] AAZC] 5wt%
22 7T o) FHAE 359 wikel A9 UxEh=
e Jehdoh web €% EAFAZHE F/Al 24
0.159014 FHA A A(OH); FH Z-o g s it
Ho] A4EE AlF; 31,09 44&0] A(OH); 39| o
50% A5 Aoz FAHEAG. oW AlF; - 3H,09 44
£o] AI(OH); %) 5.0%z2 78 7% AlF; - 3H,0
o] WAL 93 A2E AOH);¢ ¥H&F=xE oF 0.03M
o] Aoz =AF )
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(a) Non-treated AI(OH)s
Fig. 7. SEM photographs of non-treated AI(OH); and AH.

2AI(0H)5(s) = ALOs(s) + 3H,0(g) (%)
AlF; + 3H,0(s) = AlFy(s) + 3H,0(g) (6)

34 BH MM Eo| Ha

Al(OH)y:= HF] BERAXE] wbg-Foll 7M84] Aio] &)
Elo] 25°C ol&le] el F2 oF9 AlF; - 3H,00]
A=A T & °q¥°11*19} 7o) 29~38°C 2= 9ol A nk
Sol JYHE A9 pEozel doukgo] AEHA 718
A A &, 3101 AAIRER] 25°C o]dollA] ol B
Fozo Holghgo] vyt oz AYPgn, FHAE F
Azl o3 BE FslEo] AIOH); Edol mAjgh ¢
Az AAgo) Bxee slog dabgg,

olgigt HAFS A As) HFZ A3 AlOH),
morphology % EWAAES] EZJeE wixlg] Al(OH):2t
Al SEMe 2 #aslth. Fig. 73 7o) mixig] Al(OH),
= :‘E%*JEWP mj 222991, hexagonal® o] AP Eo] 7O

SHE ¥l ¥H HFE Xd¥® AlOH);Y A%

subrmcron olste] ul-¢- mM|g AIF; - 3H,0 A7} Al(OH),
Fo] FUsiA HEEeD Fgsin g 2o g
= AHYSs #FE F A

SEM ##ZAAE 53] HF 7842 6 wi%s 348 4
g4 AIOH),E AE|T ¢ AlF;-3H,0 v|H Rk A)
Zgukgo] AIOH),o A o) A3 #dsh A=y, =
T olE YA AHEAY ZL BEHE XS FHY)
=3AIA Alojehe S uithge] mEAlER AN T
7ol 7Fsatrt.

3.5. EH WM Hs}
B-AlF; - 3H,09] A4 me ZaE dotaly] 93
dgho 2 wjjg] AlZe} vliste HFE z® Ao X
W YNES Z3)gon], olF Fig 8o YeRch HF
EWAA2IA] AIOH); EHF] 4= B-AlF, - 3H,09]5)
HA2] AIOH); Rt BAET} 6.56% (87% —92.7%) Z7}

(b) AH (treated)
944 92.7%
924
;: r
< 904 6.56%
§ )
% 88 87.0%
% g6
> 86
: o
Ao
84 4
3
82
80 r T
AI(OH), AH
Specimen

Fig. 8. Effect of HF treatment on the surface whiteness of
Al(OH);, the surface whiteness of virgin and treated
Al(OH); were 85.0% and 92.7%, respectively.

b BT ole H&dh ukel o] AIOH),S
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F/Al 28] 0.159014 A% Z(6 wt%)2] HF ag—ca&g
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REgAle] 2% 2 pH W3l=RE] AOH),9) U3 £
Aol chke] WEg Skgto 2 WkgAle] 257} 242°C
oA HI 38.6°C7HA] ALEUT E3 FHA R #HLo)
I8l metastable3t ¥ AlF; - 3H,0 intermediate”} insoluble
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3 o]= AJAJEo] AIOH); EAF] 1um olste] PIAIA
A A HEE FYE BEEHUS FEE 7 U
o). 4%% 2443 HFe EAX] 93] Aol A4dE
B-AlF;-3H,09] &3] &F 5% <l 22 detFfiorn, o
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