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Table 1 Chemical composition of aluminum dross (mass

fraction, %)

¢ F Na Mg Al Si Others

3130 444 8.59 438 30.72 269 17.88

A n— Al
* ® — NaCl
A — MgAl,O,
v— A1203
¢— AIN
<«— CaF,
]
°
|}

10 20 30 40 50 60 70 80
20/(°)

1 HKI) XRD %
Fig. 1 XRD pattern of aluminum dross

% 2 AIN. H,0. AI(OH), 1 NH; (174 )y 2 554

s ME T aPER, AR EEES A Al ALOs.
MgALO, & AIN, [l &4 NaCl. CaF, 254> .

12 HAAFHERIE
HaRD 2R, AR SN ) 75 A B
e R TR

T
HO(T)=AH® + j 10sCrdT (1)
AH®=Yv, H®(T) )
T AH!
S (T)=Spaos ] 1o CpdINT+X - 3)
AS®=Yv 89 () 4)
AG®=AH® —TAS® (5)

X: HO(T) o n WIRAEIE T PRI AcHY
o WIRERAEEE R A s AH® Ak BN AR
S H2(T) Jy THRE N ARG 5 RN Z %5 v, I n
YRI5 ST(T) h n WIFAEIRE T RIS
¢, NI Tv, SO(T) N T 3% F A o5 v
M2 %, AIN. H,O. AI(OH); F1 NH; 4 Rl J5i #4 ) 2%
Kol 2k 21,

4 Fofr 4l Joi Bk P55 A A P A e
HE o (1) = AHE+[ | ¢, dT=

—251.1142.9999x 1072 T+

5.3555x107°7% —0.335x 10?7~ (kJ/mol) (6)

T
HRn ()= AHY+[ | e, dT=

—331.26+3.2267x1072 T+

1.1343x107°72 +7.904x10* 7! (kJ/mol) (7)

T
Hyom, (T) = Aer?JrI 193 CpdT=—1302.11+

3.0602x10727 +1.0483x10~*7? (kJ/mol) (8)

Table 2 Thermodynamic parameters for AIN, H,O, Al(OH); and NH3, respectively

Substance ¢ Hgs /(kJ-mol ") Sgs /(kImol K™
AIN ¢, =32.267+22.686X 10 °~7.904 X 10°T"* -317.98 20.15
H,0 ¢, =32.267+10.711 X 10+0.335 X 10°T"* —241.81 188.72
Al(OH); ¢, =30.602+209.786 X 10°T —1284.49 71.13
NH; €, =25.793+31.623 X 10°T+0.351 X 10°7" ~45.94 192.67
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T
c dT=

® o
Hy\y, (T)=AcHy; +_[298 »

—54.9142.5794x1072T +

1.581x107°7% =35.17" (kJ/mol) )

1.3 AIN KRR E X e A ARt

KH] Design Expert #ATS TR AIN KA
SRNVAREE, FEESOKARERE(A) W E(L/S, B)AN
IKAEIFTRI(C) 3 AN DR 30T At i 1. 4 26 A 8 e = IRl 3%
A2 HAER I sgm, HARBH W& 3.

F=3 RNHEFHEE
Table 3 Response factors code table

Experiment factor

Codified

Reaction Liquid-solid Reaction

value temperature, ratio, time,

A/C B/(mL-g ") C/min
1.68 30 5 10
1 50 10 30
0 70 15 50
-1 90 20 70
—1.68 100 25 90

[FIF, KA 3 AN = RGBT IR [
KA 30 °C, W EE 20, KRR IAIK YA 104 30.
50 70+ 90 min; [HER A LL 20, JKAFIS ] 30 min,
KRR ER YR 304 40, 50, 60 °C; [ % K il 5
30 °C, KAENFE] 30 min, JE[E ELAKIR A 10, 15, 20,
25, S BAARERAEM R . FREX S g #RAKE T 250 mL 4
FEH,  FARE BT EE N R B K, SRS HE
TR T 8 e T P K R R N il SRR 100 °CAE il
W) AT KA RN

14 M5

Rk AIN KA pH e K H PHSJ-3FpH i1( 1
RS R TE RE A T AE TR, AR K OR300 4 A R
JSM-6360V F14fi ¥ WiBi(H AT AR 4E),
K EETTHE RSB HTR I AXIOS B X 5960k
AL (17 2% PANalytical 2277, HAH 4L 182 # K
D/MAX 2500X % X SFERATH(H AL A 7] A7),

1.5 BdENT

T HfE BAR R AIN Kfi# pH {H, &
F 2 ARG B AT RS, R I 2 I
A A9-20],

Y=By+> Bx,+Y Byx/+Y. Byx;+& (10)

A Y AN E; By KBV Ba Bis B
SRR PO AH TR e
AN B2 P A L b i) o AR R
PAERME: x; ARSI RS HAERME: ¢ hiRE
e HpnH, Ui H AR AR AR e ME el K
A, RT3 R AT dee s KA A 5

L x, <L
d(x;)=<(x;, - L)/(U-L), L<x;<U (11)
U, x>U

L x,=U
d(x)=q (U -x)/(U~-L), L<x;<U (12)
0, x, <L

s LA U 5 o B AR R R BR .

T2 A B SEER(CCD) 18 AN(N =25 + 2k + 1, =
2’+2X3+4=18), . NIRE KL kAT AR ERL
n POl BUSATHL, — Mk 3 5k 4.

2 ZFERE5iHe

2.1 AINKEHIRNZFHE
WAL AT, B AIN KR T R
AIN+3H,0=Al(OH); | +NH;1 (13)

AIN. H,O. AI(OH); F11 NH; 4 i) 5 Bt i i A8 4,
AR SR

T
HN(T) =AcHY + | 10 CrdT =
—331.26+3.2267x1072T +

1.1343x107°T? +7.904x10*T~" (kJ/mol) ~ (14)

HY o(T)=AHE + [

—251.114+2.9999x1072T +

5.3555x107°72 —0.335x10° T (kJ/mol)  (15)
Hom, (1) =AHP + [ ¢,dT =-1302.11+

3.0602x107T +1.0483x107*7? (kJ/mol)  (16)
H ()= AHE + [ c,dT =-54.91+2.5794x

1077 +1.581x107° 7% —=35.17"" (kJ/mol) (17)
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1 303~373 K W L AR 4 Rt 298 K Al
(ERATIE L5
AH® = Hyy (T)+ H 3y om), (T) -

[BH{ o(T)+Hn(T)]=-300.80—6.5868x 10T +

9.3295x107°T? — 9.26x10° T~ (kJ/mol) (18)
AS® = SRy, (298 K) + S 3 om), (298 K) —

[3S7 0 (298 K) + S (298 K)] = ~322.51 (ki/mol)

(19)

AG® = AH® —TAS® =-300.798 + 0.2566T +
9.3295x10° T2 —=9.267 " (kJ/mol) (20)

THE7 303~373 K ' AIN 7K [ W (145 #E Gibbs A
H, W 4 Pral. h# 4 o751, 75 303~373 K {ulH W,
BT AN ZK il S 5 AT 8T B B REE-217.54~
—194.59 kJ/mol JElH N, VLU AIN 7Kl S B4R ) 241
PRAESEAE N 0] AR EAT

2.2 AIN KRR FFRK XRD K SEM 434

X K AR JE AR K BEAT XRD 20 #T, 23 B & SR dn e 2
Fime MEI2 I EH, JREK AIN 7 38°, 44°F1 65°
B 3 ACHEAEIEE R A s, KRR P /K 2R
s AT AR T AR SR AT AE o SR, LK MR SR AR KA 44°
FEAE I A2 W S99 » 2R WA K AIN R AR b2 O
IKAR G B AIN Ei A& 21 a=3.111, /N TR K AIN
nnke i 4(a=4.045), KRG AIN 5 fEK; {H 38°F1
65 RFAEIE T A B WSS, 2R WK AR S N IR 2L 4k
N, KA R B A HARAFEAE IR 73 AIN . 7E 18.703°,
20.368°H1 40.514°4b 1] I AI(OH); BRI, W REH T4

F4 303~373 K T AIN JKfi# MV [1) Gibbs fig

" — AIN
A— AI(OH),

Before hydrolysis .
WM .
After hydrolysis
A 4 A
1

100 20 30 40 50 60 70 80
20/(°)

2 JKARATIEEEK XRD %

Fig. 2 XRD patterns of aluminum dross before and after

hydrolysis

RS MKEIKUEREUK AIN RS 5
Table 5 Lattice parameters (a, b, ¢) of AIN in aluminum dross

before and after hydrolysis

Material a b c
Before hydrolysis 4.045 4.045 4.045
After hydrolysis 3.111 3.111 4.979

J% AI(OH); & EHAIK, 3 UL A2 T E

PR K KRG K SEM J3 itk —38 k1],
ISR AN A BAAZ LR, KRR AR 0 5
WML SRR, by Z L€ I HE, RWIK
S AE KT TN, AEHE AIN ZKAE P ok KR
IER T PR AR, XA 5 5k AN SO
—H

Table 4 Gibbs energy of AIN hydrolysis at temperature from 303 to 373 K

/K AG® /(kJ'mol ")

303 AG® = AH® —TAS® =-300.798+0.2566T +9.3295x107° T2 —926T ' =
2300.798 + 0.2566 X303+ 9.3295x 107> x303x 303 —926x1/303 = —217.539

13 AG® = AH® —TAS® =-300.798 +0.2566T +9.3295x 10T —926T " =
~300.798 + 0.2566x 323 +9.3295x 10> x323% 303 - 926 x1/323 = —211.0497

243 AG® = AH® —TAS® =-300.798 +0.2566T +9.3295x 10> T2 —926T " =
~300.798 + 0.2566 x 343+ 9.3295x 10> x 343x 343 — 926 x 1/343 = —204.5078

263 AG® = AH® —TAS® =-300.798 +0.2566T +9.3295x10°T% —926T ! =
-300.798 + 0.2566 x 363 +9.3295x 107> x363x 363 —926x1/363 = —197.9098

173 AG® = AH® —TAS® =-300.798 +0.2566T +9.3295x10°T% —926T ! =

—300.798 +0.2566 %373 +9.3295x 107> x373%373-926x1/373 = —194.5888
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3 KMETHTIEEAKR SEM &
Fig. 3 SEM images of aluminum dross before(a) and after(b)
hydrolysis

2.3 JKEREMEFT AIN 7K pH BIS20E K& W ER TG
AR AIN FE KRR R A LR S R

AIN+4H,0=AI(OH);+NH,0H 1)
NH,OH=NH;+H,0 (22)

K= O, AFVEIR pH 22K, BT LAJERIE
by KRR pH AR 4k AT DURISKRAE AIN 17K
FRFRRE o PR AR AIN ZKARTT e IR IEAT e 4 41 Ak
5, Mgk 6 ral. W3 6 niE i, AIN Kf# pH
HAE 8.65~9.79 Ju [l NS, AT AIN /KiE 2N
Bk o X AIN KA pH 24775 2550, HA5 R 7.
MR T EH, KEEEST AIN Kf#E pH WA B2,
T 948 ] L AR 7K A o T 00 52 1 B A2.(P<<0.01), - HLK il
J5E RO ] B 5 kKA pHL A7 AE B BAZ BAE I (P<
0.01).

I FH o 87 g TR0 5 A T AIN ZK A RS AR PEREA T
WEFT, 45 0 20 45 =y 2% I 52 A [0 R A2 B4 i 2
(P<0.0D)PM, X} FHR A AIN /K i mi  H ETRIF 5T, A
DA S =21 1P R 1 7ol A 708 W N R P B ST ]
AEEAEFH o ZKfAR I ] E i 7 i Pl R 5 v T DL
4. INE 4 0T, JKAFISFIR] 50 miny ZKfifEL 2 30~
100 CH, 7Kfi# pH Fifi 7K fifbid JE S AR e 35— 28, Bt
K AR BT pH TR, KARELEE B 30 CHEK

R6  KIEATERAL A B SR A R

Table 6 Results based on the two orthogonal rotational

experiments
Experimental Reaction Liql%id—solid Re.action
No. temperature, ratlon,iB/ time, pH
A/C (mL-g™") C/min
1 65 15 50 8.96
2 65 15 50 8.97
3 100 25 90 9.72
4 65 15 50 8.92
5 6.14 15 50 9.59
6 100 5 10 9.20
7 65 15 50 8.92
8 30 5 10 9.19
9 100 25 10 8.65
10 30 25 10 8.90
11 65 15 50 8.96
12 65 15 11727  9.42
13 65 31.82 50 8.76
14 30 25 90 9.19
15 100 5 90 9.79
16 65 15 50 8.98
17 30 5 90 9.53
18 123.86 15 50 9.35

£7 pH FEHM

Table 7 Analysis of variance on pH

Source Means square F value Prob>F
A-A 2.74%107 0.35 0.57
B-B 0.67 86.78 <0.0001"
c—C 0.28 17.73 0.003"

AB 0.14 17.73 0.0030"

AC 1.01X1073 0.13 0.73

BC 5.51x107° 0.71 0.42
1) P<0.01.

65 C, /Kfift pH BHiIEK, /KIFEEIZH 65 CTHmH|
100 “CYEH, /K pH kLG RHIGHR BN, X2
T 7E pH 2818 1 TH X IR N 2275 X, fE 2 i X
pH ETHWFEI A NH; 2, NH; 8 TR B K,
SIGHEE, KT AR AIN K, XY
B, W pH BE R N IHEAT AT R . K
JEREAR, ¥ pH B, EETHR, pH B . Mk
A AIN+3H,0=AI(OH);+NH; [a] A7 2547, THEATH
T m A N, fEmE U A . WA B 5~25
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Liquid-solid ratio

5
30 44 58 72 86 100
Temperature/'C

Bl 4 Y=FOKMEREZ, W B 3 i P A 58 v P
Fig. 4 Response surface plot(a) and contour plot(b) showing
interactive effects of reaction temperature and liquid-solid ratio

on pH

YL, JKAR pH BEWG I L BRI SE BRI G T, 24
W EE 25 BRF) 12 I, JKAR pH Z218 1A%, 249
For 12 B3] S, /KfE pH AR ladA ok A= o o 20 B
WA W LA T, EAME R ARV AIN R
PR R, RS PR A NHG K B A /N Y B VR
W, FEUKE pH sy, ZOWAARTL pH 80K, AR Y,
AR B SEIR R FT,  BEE WA L RIS, 7K A# pH AT
IS B S T AL R, 3K DAL A 7K AL R [
LE & XK pH AFAEAS HAERT, HASHAE MW 2
(P<<0.01).

I AL « 5. RF ) e 1, T P R 4 v L DL 5
M S PTG, AIN KA ZRE L 15 B, KR
5% 30~100 CYulH P, 7Kf# pH Bl 7K fifle 38 K S PR
JaThE . HARKTTE, KAREEEAE 30 'CH| 65 CH, /K
fift pH ZEWT G, X 5ITAIREA—E, IR AIN K
filt pH Bl /K M B T v i SR BB G 3R, X AT RE

NH;-H,O=NH;+H,0, fFRfETm, HEEH AN 2K
152 LB LG 45 PF N A 23 8 i NH R HLO, i
WA, NHy #EREUEAR pH /D, X
AIN ZK il 55 55 300 ] L 2 RIS AR T 552 1 AIN 7K
fi# pH; ZKARIEE R 65 *C L THE] 100 CINF, /K% pH
B, AR ARRELRE 5 A B A PSS, KT A S
TK AR 1 THE, AIN+3H,0=A1(OH);+NH; % iV
S AT, PR AR NHs 3 T pH 48K
KA ] 10~90 min YA, ZKAEI ] B 90 min [
2] 10 min, /KA pH AWiid/h, ZAbEaHAH T . XAT
REAE FH 1B /K filt I [R]FRT G, AIN R [T/ A1(OH);,
BHTHAZ T R LA ER], AIN B 57K oy Hefl,
TRAAE SN T R R SR IR 9 B0 R4 e Ay A2 e A7
I PEHOK R B, W OH KRR, /KfiR pH
R, IKAEIF R 98D, TREA FIT AIN ZK i 5 il
PRos b A2 S A I B i s I B AL, XA
FIFHHIER 2T AIN KA

(b) oH

Time/min

30 44 58 72 86 100
Temperature/'C

Bl 5 Y=FOKMPRIL, SR I yme S T Pl A 55 g 1]
Fig. 5 Response surface plot(a) and contour plot(b) showing
interactive effects of reaction temperature and reaction time on

pH
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VOCE LG s I T o e R S v L 6
M 6 WIH Y, AKARIETE 65 CINF, AIN K ik 2 98
L 5~25 JE I A, ZKAA pH 284 BE I ] L AR i 38K
WE L 25 B3 5, K pH 2B IOCES: K
] 10~90 min YO Y, ZKA# pH Bl K A2 1) 389 i v
B K AIN KRR, K AR pH Bl K i
W PETE A O/« KA IR R S T 1 O A
FEAHFIRAE 810, pH # R BLI K%, AR,
FH 8 (T V2R AR 1 2, K AR RS R, W
e, BUKMRRBEARIREORIT, # K AIN K
pH SZIKAARAAT P P OR AR, M SR L) I 1922 L
VEFISE M, NP S 20 60 0t ot 7 Al 5 9 K i A K
e, nIRES IS RS AR AR

£
£

)
E
[—4

510 15 20 25
Liquid-solid ratio
B 6 Y=F(RIELL, FpvAsalyme Ry i A 45 e
Fig. 6 Response surface plot and contour plot showing

interactive effects of liquid-solid ratio and reaction time on pH

X EIROKARIERE TR pH K ARRLRE I L
AP 18] (1 5 R ABEAT Xm0 B, A3 38R =ik
EVEP;FES

R =9.75-0.01x 4-0.03x B+3.28x107° x C —
3.75x10™* x Ax B+8.04x107° x Ax C +
6.56x107 x BxC+1.48x107* x 4> +
8.59x107* x B2 +2.95x107° x C? (23)

Tk B R ARG bk R R UA T R A T A T
Kok, HARGEIRIER 8. WK 8 nIEH, WA HIX %
ZEMLA AR 1.00%, B dEmfirEacer, £
TR R ER A R AIN K i pH EAT 5 1 T
:K;EO

%8 AIN Kfi# pH L5 5 BB (LR
Table 8 Experimental and calculated pH values of AIN

hydrolysis
Experimental ~ Experimental Calculated Relative
No. value value error/%
1 8.95 8.91 —0.39
2 8.98 8.97 —0.11
3 9.09 9.05 —0.45
4 9.06 9.15 1.00
5 9.08 9.28 2.13
6 8.96 8.88 —0.85
7 8.94 8.80 —1.58
8 8.90 8.75 -1.75
9 9.18 9.38 2.15
10 9.10 9.06 —0.49
11 8.94 8.97 0.34
12 8.91 8.98 0.78
3 #ig

1) 303~373 K 5l FE VG Y, B2 AIN /K i
SN FAEARUESAT T BT, WA LA K A
B TR A AIN ZK A S0 S22 (P<<0.01); /KA
I L 2 TR 474628 HAE W E.(P<<0.01).,

2) K AIN K AE pH A 7K AFRIRE « ¥ ] LE A
S i Ty STV R g S5
R =9.75-0.01x 4—0.03x B+3.28x107°> x C —

3.75x107 x Ax B+8.04x107° x Ax C +

6.56x107° x Bx C +1.48x107* x 4 +

8.59x107* x B +2.95x107° xC?

Z RN TR RS v S S B R 45 R E
AT IR ZE 4% P MEAUA 1.00%, XK H AIN KA
pH 4 — 5 T



926 At m AR 2016 4 4 A

leaching using response surface methodology and central

REFERENCES composite rotatable design[J]. Transactions of Nonferrous

Metals Society of China, 2012, 22(9): 2295-2305.

[1] MURAYMA N, MAEKAWA I, USHIRO H, MIYOSHI T, [13] LI Zhi-qiang, LI Jing, ZHANG Li-bo, DENG lJin-hui, WANG
SHIBATA J, VALIX M. Synthesis of various layered double Shui-xing, MA Ai-yuan, WANG Bao-bao. Response surface
hydroxides using aluminum dross generated in aluminum optimization of Fand Cl zinc oxide fume by microwave
recycling process[J]. International Journal of Mineral Processing, roasting[J]. Transactions of Nonferrous Metals Society of China,
2012, 110/111: 46-52. 2015, 25(3): 973-980.

2] ik, 7 F, BOE SRS AL PEG EhRe, [14] YANG Ke-di, YE Xian-jia, SU Jin, LONG Yun-fei, LV Xiao-yan,
2008(6): 63-65. WEN Yi-yuan, WANG Bao-bao. Response surface optimization
LI Yuan-bing, SUN Li, ZHAO Lei. Utilization of aluminum of Fand Cl zinc oxide fume by microwave roasting[J].
ash[J]. China Nonferrous Metallurgy, 2008(6): 63-65. Transactions of Nonferrous Metals Society of China, 2013, 23(2):

[31 84T, %, kA, O RIS L 548335,

ARPEI]. MEHER, 2009, 23(1): 90-92. [15] LI Ying-wei, PENG lJin-hui, LIANG Gui-an, LI Wei, ZHANG
ZENG Lingke, LI De-jia, LIU Yan-chun, WANG Hui. Shi-min. Optimization of processing parameters for microwave
Application of industrial sludge of aluminum[J]. Factory in drying of selenium-rich slag using incremental improved
Producing Cordierite, 2009, 23(1): 90-92. back-propagation neural network and response surface

[4] SHINZATO M C, HYPOLITO R. Solid waste from aluminum methodology[J]. Journal of Central South University of
recycling process characterization and reuse of its economically Technology, 2011, 18(5): 1441-1442.
valuable constituents[J]. Waste Management, 2005, 25(1): [16] DEANJA. =[KALTFMM]. dbnt Rl AL, 2003.
37-46. DEAN J A. Lange’s chemistry handbook[M]. Beijing: Science

[5] DAVID E, KOPAC J. Hydrolysis of aluminum dross material to Press, 2003.
achieve zero hazardous waste[J]. Journal of Hazardous Materials, [17] BUkE. A EEEEEM]. Jbaiiag Tl HRRAL, 2009.
2012, (209/210): 501-509. DAI  Yong-nian.  Nonferrous  metallurgy[M].  Beijing:

[6] DASH B, DAS B R. Acid dissolution of alumina from waste Metallurgical Industry Press, 2009.
aluminum dross[J]. Hydrometallurgy, 2008(92): 48—53. [18] YANG K D, TAN F X, WANG F. Response surface optimization

[71 LI Peng, GUO Min. Leaching process investigation of secondary for process parameters of LiFePO4/C preparation by
aluminum dross: The effect of CO, on leaching process of salt carbothermal  reduction technology[J]. Chinese Journal of
cake from aluminum remelting process[J]. Metallurgical and Chemical Engineering, 2012, 20(4): 793-802.

Materials Transactions B, 2012, (43): 1220—1221. [19] DEROSSI A, SEVERINI C, DEL MASTRO A, DE PILLI T.

[8] FUKUMOTO S, HOOKABE T H. Hydrolysis behavior of Study and optimization of osmotic dehydration of cherry
aluminum nitride in various solutions[J]. Journal of Materials tomatoes in complex solution by response surface methodology
Science, 2000, (35): 2743-2748. and desirability approach[J]. LWT-Food Science and Technology,

[9] 3 i, SBWIM TAZR, 25 A, Wk SR, KT AIN FRIKAR 2015, 60: 641-648.

AN P EE O EER, 2012, 22(12): 3555-3557. [20] FAN Tao, HU Jian-guo, FU Li-dan, ZHANG Li-jin.
JIANG Lan, QIU Ming-fang, DING You-dong, SU Nan, YAO Optimization of enzymolysis-ultrasonic assisted extraction of
Quan. Hydrolysis behavior of AIN in aluminum dross[J]. The polysaccharides from Momordica charabtia L. by response
Chinese Journal of Nonferrous Metals, 2012, 22(12): 3555-3557. surface methodology[J]. Carbohydrate Polymers, 2015, 115:

[10] 7 5%, x| W, Rt pH BN AIN B AR KA YIRS J]. 701-706.

Fe#E244R, 2011, 32(2): 231-233. (211 A& B, “EHIRI, BEES, y7 AL, N i R ) A ——
ZHANG Yu, LIU Meng, TANG Jian-cheng. Influence of the pH —FB R A > BrEAE AR S S [T]. AR A R
on the hydrolysis product of AIN powder[J]. Journal of Ceramics, 5 TH, 2001, 30(6): 429-433.

2011, 32(2): 231-233. XU Ying, LI Ming-li, ZHAO Xuan-min, LU Feng-ji. The

[11] ZHANG Yong-heng, BINNER J. Hydrolysis process of a surface response curved surface regression analysis technique—The
treated aluminum nitride powder—A FTIR study[J]. Journal of application of a new regression analysis technique in materials
Materials Science Letters, 2002, 21(10): 803—805. research[J]. Rare Metal Materials and Engineering, 2001, 30(6):

[12] AZIZI D, SHAFAEI S Z, NOAPARAST M, ABDOLLAHI H. 429-433.

Modeling and optimization of low-grade Mn bearing ore



§26 5 4 W gk B, S W ERTETVEXTER A AIN FIKIRAT A 927

Hydrolysis behavior of AIN in aluminum dross with
response surface methodology

ZHANG Yong, GUO Zhao-hui, WANG Shuo, XIAO Xi-yuan

(School of Metallurgy and Environment, Central South University, Changsha 410083, China)

Abstract: A large quantities of aluminum dross are produced from aluminum smelting activities. The reuse or disposal of
the dross is significantly affected by AIN in aluminum dross. The hydrolysis thermo-dynamic behaviors of AIN in the
aluminum dross were studied through the Design Expert for two orthogonal rotational experiments, which is from the
recycled aluminum process. The results show that the hydrolysis reaction of AIN in aluminum dross is spontancous at the
temperature from 303 K to 373 K. The pH value in hydrolysis system is significantly affected by the liquid-solid ratio
(L/S ratio) and reaction time (P<<0.01), respectively. The interaction between reaction temperature and L/S ratio is
significant (P<<0.01). Based on the quadratic regression equation between the pH of hydrolysis system and the
parameters, such as hydrolysis temperature, L/S ratio and hydrolysis time, the relative error between the theoretical value
and the trial value is only 1%, and the result shows that it is reliable to prospective the hydrolysis behaviors of AIN in
aluminum dross.

Key words: aluminum dross; AIN; hydrolysis; response surface

Received date: 2015-05-19; Accepted date: 2015-11-05
Corresponding author: GUO Zhao-hui; Tel: +86-731-88879325; E-mail: zhguo@csu.edu.cn
(REE T4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


