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Abstract: High purity ( Al,/Al>90%, Al,;= 70%) and high concentration ( Aly>2.0 mol L*) polyaluminum chloride
(PAC) solution was obtained through membrane distillation folloned conventional PAC (0.2 mot L*) synthesis hy
quick base injection. Final Al,/Alrand Al are strongly influenced by pH value and ¢, /c,- ratio (B) of the initial

synthesized PAC solution and its feeding temperature in MD process. pH value of L-PAC between 5.0 = 0.2, the

percentage of Aly; in L-PAC above 70% and the feeding solution temperature below 70

are three key factors to

obtain high Al;; and high Al; PAC. The results indicate that Aly; can exist in high concentration PAC solution,
and the percentage of Al, maintains above 70% for a long time at low temperature.

Key words: quick-injection base synthesis; membrane distillation; Als; high concentration PAC

1978 , Akitt © (Al NMR) B, Al
, Keggin , Al
[AIO,AIL(OH).(H:0)] " ( Aly) Al -9 ro1y
( 1~2 nm) ,
( PAC) : Al
@ Al 10-*~10"*mol L%,
: 2006-06-26 :2006-10-19

(N0.20577061  No0.40673003)

E-mail: rceesguo@gmail.com; Tel: 010-62849198

,32

[3-6]

[l



64 23
(>70%) (Al)  02mol L' PAC 12 LPAC H-PAC
, 2L 150 mL 1.0
21213 , mol Lt  AICl, , 600 mL NaOH
, ,82 6 mL min-?
(2 mot L ) Alg (70% ) ) AlCl, ,
( H-PAC ) B=c/C 20 min, Al;
w 0.2 mot L', Al 70% L-PAC
(  MD) o1 2
' : ) 10
, 100 mm x 7 mm x 1.5
mm, 70 cm?
; 100%
) Al PAC ,
Al H-PAC ,
2 mot L*! , Al 70%
H-PAC , Al
pH
, H-PAC B2 MD¥EHEESHLRAEES
Fig.2 Experiment set up for concentrating PAC
concentration by MD process
1 L-PAC , 2 000
1.1 mL 1L
AICl; 6H,0 NaOH ; :
: ) :
Millipore PVDF : (
, 0.45 pm( ), , D100C),
( 1 lcm s, :
PAC 200 mL MD ,
(HACH , CO150)
: 500
mL , ;
N(kg m? h'h)
1.3
PAC Al;

Bl 1 BEZEMEA PVDF B i b B R
Fig.l1 SEM micrograph of PYDF membrane

, HACH DR/4000U
&1 Al-Ferron

© 1994-2009 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1 : Alj; 65
Ferron Al H-
4.0x10°mot LY, PAC
Ferron 3 Al;
; 3 DAl (N)
(<1 min), Al, ; —— 10
(1~120 min), Al, Ferron ho) m— Lg
(>120 min) L8~
ZAl Al NMR)  JNM-ECA600 IREh L7 TE
, 70 g 10 6 Z"
14.096 T, 156.386 MHz, ;; Ls §
0.20939 s, 050939 s, 03 4
2048 03s ol
0 300 600 900 1200 1500 1800
5 mm , , ¢/ min
NaAl(OH). B3 MD bR T R ARV AL R B (V)
, 8 B Je] A 4k
, Fig.3 Al; and water mass flux (V) against time in MD
process
3 ,  PAC , N
- 9.07 kg mr? ht 4.03 kg m2 ht
2.1 H-PAC
2.1.1 ;
0.22 mot L' L-PAC / ],
; 55 PAC / ,
9 ;
PAC 200 mL , ;
PAC Al-Ferron PAC 2.1
, 1 mol L%, 4.03 kg m?* ht ,
1 PAC Al Al
Table 1 Effect of membrane distillation process on H-PAC ,
distribution of Al polymer forms of L-PAC
and HPAC 212 PAC Al NMR
Al/(mot LY  pH  AL/% AlL/% Al/%
L-PAC 0.22 516 158 733 2512 MD A, 21mob L' HPAC
H-PAC 21 385 248 96.9 057 ”
Al NMR , 4
1 , , PAC Al;
0.22 mol L* 2.1 mol L%, pH 5.16 510.3 AlQ;; 6 62.5
3.85, Al, Al Al A0, 3800
73.3% 96.94%), Al, 25.12% Al(OH), ,
0.57%, Al, , 2% 13 4 H-PAC
: PAC pH 3 , 625
, Al Al, , AlO, ,10.3 AlO; ,
PAC Al ; : 0.0 Al
L-PAC Ferron Al,)



66 23
1 min 1  Ferron
H-PAC Al 0.57%,
6.0 fﬂ H-PAC Al
| 19.938 ' ’ ’
-1 A Al, Al
g 40 , ,
T Al 2.0 mot L%, Alyg 70%,
= Al H-PAC
2.0 22
2.2.1
o.o‘_.___L___JL_—/\ MD
800 625 103 ; ,
Chemical shift / ppm , MD ,
4 2.1 mol- L™ H-PAC #BH Al FBRESE AR I PAC PAC
Fig4 7Al NMR spectra of H-PAC solution (2.1 mol-L7) ) ’ Al
by MD process ¢
2 PAC Al,  Alg Na Cl
Al NMR Al-Ferron MD
2 LPAC H-PAC A, Al PAC
Ferron 9
Table 2 Al and Al, distribution between L-PAC B=2.47 Al- 0.2 mob L L-PAC
—Z. y TV, -
and H-PAC analyzed by Al NMR and
Ferron , MD H-PAC
Al , 5
Al / Al / Al /Al /
Al/ Al
(mot L) (mot L) %
LPAC 022 516 0157 714 733 0974 00— S 125
H-PAC 21 3.85 1561 700 969 0.722 < 801 e | \ 120
E T 5
Al [AIOAIL(OH)(H.0)", £ TN
A0, 625 £ 0] <
k4 10 5
.12 AIOWOH)uHOP . N -
W 103 Al, ‘ 103
, , PAC Al w T e % s A 90 100
wo u s T s
¥ 5 HEZE SRR B X H- BEWREMERS
: Al 2 TALNMR A )
Al 70.0%, Al-Ferron Fig.5 Effect of temperature in feed solution on Al
Al, 96.9%, Al polymer forms and final Al concentration
NMR Al in H-PAC
4 2 , , 5 , MD , MD
Al 96.9%, 2% Al, Alg H-PAC Al , Al
, 28% Al 70 ,
Al; 21 mol L? Al>80% H-PAC 95 , MD
PAC H-PAC PAC 53.3% Al MD  L-
: 1 A Al,, Ferron  pPAC  64% Al , Al



1 Aly 67
, L-PAC Al Al , H-PAC Al
, PAC Al, , Al 23
b , H-PAC Al, L-
70 PAC, Al, B=2.2
5 , , MD H- PAC Al, 63.4% 31.3%, Al,
PAC Al; MD 53 , 32.4%  55.6%; B=2.47
Al;  21mol L' H-PAC; 85 PAC Al 70.9%
, MD PAC Al; 1.65 mol 91.2%, Al 275% 1.9%
L 95 MD , PAC 100% o,
Al; 0.55 mol L™, PAC , PAC 10
H* 10 pH
,PAC Al , Al H* 1
, Al(OH), , L-PAC Al,
e, PAC , MD L-PAC  H-PAC
; ) , pH MD
, , H-PAC PAC
, , 2.2.3 L-PAC pH
Al, PAC , N 72 82
ne 2mL min't 6 mL min* B
: : , 24  247,Ar 02mot L' L-PAC, pH
; (>2 mot L'Y) Al 405 5.18, Al, 82% 66.8%,
H-PAC , , MD 6
55~70 6(2) ,  PpH 4.05, Al, 82%
2.2.2 B L-PAC, MD , Al
0.2 mol L1, B , 2mol L't Al 82%
22 23 2.4 247 L-PAC, 70 38%, Al, Al 5.7%
11 MD : 14.6% 11% 51.1% Gerhard and Aria 12
2.0 mol L* , B MD H-PAC , pH 2.06~3.50 , Al
; 3 H* ,
3 (B) PAC : H* VAl
Table 3 Effect of B on Al polymer distribution in pH 5 Al 586
L-PAC and H-PAC by MD process hi2 MD _PAC ’
Al, | % Al [ % Al./ % H* , pH 6(a)
L-PAC H-PAC  L-PAC H-PAC  L-PAC H-PAC pH ,
22 42 131 634 313 324 556 ’ pH 2,85
23 17 85 700 63 283 285 Al Al
24 14 48 634 748 352 206 | Al
247 16 6.9 709 912 275 19 Al Al )
3 , B 22~247 \ Al, JAL, AL
82 ,L-PAC Al 6() pH=5.18  PAC, MD
, H-PAC Al , Al 02mol L*? 0.7 mot L*
,PAC , pH



68 23

100 i H'PAC pH 37, AI13

80 Al PAC
- 2.3 H-PAC Al
o 00
k- B=2.47 pH=4.92,
Bigl - — 0.19 mol L'* L-PAC , 65
€ H Al O Al H Al ‘

: 12 ,
e g Al;  1.96 mot L', Al Al, Al
ol H = OB E ] 33% 91.4% 53% HPAC |
: o Al H-PAC ( 25 ) 4
(&) Initial pH=4.05in L-PAC B=24
- Ferron 3
1 ! 7

SO'I_ 100ﬁ
[ . 50 iﬁé&——\x\x ——AL(25C)
o 60 = ~— Al (25 C)
§ :é 60 & ——AL (25 C)
£ 40 2 4ol —x—AL(4T)
= | = AL )

: 20

. . 0% S S e .l
i ‘ [.} . _ﬁ_‘_‘f}:l_‘_ﬂ : T;S : —rrr!r;i 0 15 30 t‘tsd 60 75 90
MR Bl 7 AREE TSR PERAHE M5k

(b) Initial pH = 5.18 in L-PAC B=2.47

e AFEHpHETEZRLSEBTEREGES
SR
Fig.6 Al polymer distribution in PAC among MD process
4.67; Al 0.7 mol L? 2.0
mol L't ,Al, 66.9% 94.0%, pH
4.67 3.88 , pH 4.67
, PAC Al, Al
) pH 4.67 , Al
Al, Al,
Al Al,
, ., MD , Al
, 94.0%, Al, 30.8%
3.2%
, PAC MD 10 , pH
1.2, PAC pH 3.7 ,PAC
Al , , MD PAC
pH 3.7, L-PAC pH
4.9, pH , MD
Al, pH , Al
, Aly, MD
Al, PAC : L-
PAC pH 49~5.4 ,

Fig.7 Effect of aging time on Al polymer-forms of H-
PAC aging at ambient temperature (25 C) and
4C

Al
30d

70%
Al
Al

@)
. Al>2
90%, Al 70%
PAC
H-PAC
, L-PAC pH 5.1+ 0.2,
2.4~25 , 2.47
® , ,
Al, , ,
Al

mol L%, Al
Al
@



69

) 50~70

4 Al

[1] Akitt J W, Farthing A. Journal of Magnetic Resonance (1969),
1978,32(3):345~352

[2] Parthasarathy N, Buffle J. Water Research, 1985,19(1):25~36

[3] Phillips B L, Casey W H, Karlsson M. Nature, 2000,404(6776):
379~382

[4] Casey W H. Geochimica et Cosmochimica Acta, 2000,64(17):
2951~2964

[5] Casey W H. Chemical Review, 2006,106(1):1~16

[6] Badora A, Furrer G, Grinwald A, et al. Journal of Soil Cont-
amination, 1998,7(5):573~588

[7] Kloprogge J T, Evans R, Hickey L, et al. Applied Clay Science,
2002,20:157~163

[8] Yamazaki T, Nakamura Y, Ozawa S. Journal of Colloid and
Interface Science, 2001,239:440~446

[9] YAO Ming( ), LIU Zi-Yang( ), WANG Kai-
Xiong( ), et al. Wuji Huaxue Xuebao(Chinese Journal
of Inorganic Chemistry), 2004,20(8):889~894

[10]1Bokhimi X. Journal of Physical Chemistry B, 2005,109:22222

~22227

[11]Kim K T. Materials Letters, 2006,60:352~355

[12]Furrer G, Ludwig C, Schindler P W. Journal of Colloid and
Interface, 1992,149(1): 56~67

[13]CHEN Zhao-Yang( ), LUAN Zhao-Kun( ), FAN
Bin( ), et al. Fenxi Huaxue(Chinese Journal of Analy-
tical Chemistry), 2006,34(1):38~42

[14]1ZHAO Hua-Zhang ( ), PENG Feng-Xian ( ),
LUAN Zhao-Kun( ), et al. Huanjing Huaxue(Environ-
mental Chemistry), 2004,23(2):202~207

[15]Lawson KW, Lloyd D R. Journal of Membrane Science, 1997,
124:1~25

[16]Gabelman A, Hwang S T. Journal of Membrane Science, 1999,
159:61~106

[L7JLUAN Zhao-Kun( ). Thesis for the Doctorate of Rese-
arch Center for Eco-Environmental Sciences, CAS(

). 1997.

[18] Gryta M, Karakulski K. Desalination, 1999,121:23~29

[19]Furrer G, Gfeller M, Wehrli B. Geochimicaet Cosmochimica
Acta, 1999,63(19/20):3069~3076

[20]Amirbahman A, Gfeller M, Furrer G. Geochimicaet Cosmo-
chimica Acta, 2000,64(5):911~919



