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Abstract: In order to realize the utilization of waste alkali liquor generated during agar production, a dif-
fusion dialysis device was used to recover alkali from the waste alkali liquor. The feed flow rate, ratio of water
to feed flow, and feed temperature were selected as the investigation factors, while the alkali recovery efficien-
cy and alkali concentration were considered as the target variables. A three-factor and three-level Box-Be-
hnken central composite design coupled with response surface methodology was employed to analyze the inter-
action effects of the three factors on alkali recovery efficiency and alkali concentration. The parameters of re-
sponse surface were optimized, and the optimum process conditions were feed flow rate of 0. 75 L/(m*- h), ra-
tio of water to feed flow of 1.28, feed temperature of 65.5 °C, respectively. Under the optimum conditions,
the alkali recovery efficiency of 80% , and alkali concentration of 1. 14 mol/L could be obtained, and the pre-
dicted value of the model fitted well with the experimental results, which indicated the reliability of the model.

It showed that diffusion dialysis was a very effective method for the separation of alkali and organic matter, and
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it is feasible to use response surface methodology to optimize the recovery process of waste alkali liquor from
agar production by diffusion dialysis.

Keywords: waste alkali liquor; alkali recovery; agar; diffusion dialysis; response surface methodology
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T
SCHOHT, FRBETOKFEHY BB A, DA E PR, SEITIRI, B TR i
W S G S AR U —E R R TEAY WS et B S A s . TR s s LA, BHR
(R 2 BB tras FIOHEA, ORI h " HOE A a0 07 D, SRS e ras -7
MU OB HT AT, 49H6 0.5 h .
?ﬂﬂﬁz@ﬂ&ﬁ}ﬁ%ﬂﬁ, SHELE 3 UCHURE BRI 1 1] Tab. 1 Design factors and levels of response surface
W B2 FE AN AR I, LA BIOE ik B R

s, PR ILHCHE M gy AR

1.3 MR ESERig It oAt
4G Box-Behnken H.002H A S2 56 5 T JE B FHERE/ (L-m™? -h™") A 0.75 1.00 1.25

EERR IR (A) . K/ZBHARHE L (B) AR K/ R B 1.00 1.20 1.40

E(C) TERERNE, HTIkd s, 3 LR /C € 60.00 65.00 70.00

PRIZR 3 7K M) Sz T 43 A S 30, Do) oz T 55 3 PR 3R

KB 1,

2 ZWHER5SITR
2.1 WONESERIEITER
FH Design-Expert 8. 0.6 #0fF, LURHRME (A) . KRN (B) RUREE (C) AL,
B e 3R ol W B JBE DA AR B (WRIREAED) , W RO T S s AT 45 R ML 2
R2 MEERXREIZITSIETER
Tab.2 Experimental design and results of response surface

T A B C B RIS/ % MR B/ (mol «+ L")
1 -1 0 -1 72.1£0.4 1.05 0. 02
2 -1 0 1 64.6+0.5 0. 86 =0. 02
3 0 0 0 75.5+0.6 1.12 0. 04
4 0 0 0 74.1£0. 4 1.08 +0. 02
5 0 1 -1 66.3 0.3 1.22 0.05
6 -1 -1 0 75.6 0.4 0.92 +0.03
7 1 -1 0 84.2£0.3 1.12 +0. 03
8 1 1 0 70.5 +0.5 1.32 £0. 06
9 0 0 0 74.5 £0.2 1.10 0. 04
10 -1 1 0 67.4+0.3 1.10 0. 04
11 1 0 -1 72.8 0.4 1.12 £0.03
12 1 0 1 72.0£0.2 1.08 £0.03
13 0 -1 -1 77.9 +0. 4 1..00 £0. 03
14 0 -1 1 72.1£0.4 0. 88 0. 03
15 0 0 0 75.0 0. 4 1.12 £0.03
16 0 0 0 74.8 £0.3 1.11 £0.03
17 0 1 1 63.0£0.4 1.15 £0.02
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2.2 (o] 2R A (B i A B i) B AR BY R B ST 5 T E R
iz H] Design-Expert 8. 0. 6 XX 3% 2 SCI BT 20 mlIE , B ke (y,) Aok B
(Y,) RPEHERE (A) . K/ZRHRELE (B), HE (C) BRI I A8
Y, =-648.35 - 67.12A +40.65B + 21.76C - 27.50AB + 1. 34AC + 0.63BC + 1. 56A* - 11.31B° - 0. 18C’,
Y, =-6.01 —2.01A —2.78B +0.31C +0. 10AB + 0.03AC +0.01BC - 0.21A* +0.55B> - 2. 62E - 003C>,
A3 R B R AR L AT 225301 (ANOVA) , KSRl vk, 45k 3 ~ %4,

&3 WEEEER ANOVA 247
Tab.3 ANOVA results of alkali recovery model

T H Skl H B F1H PfH Pk
AL 421. 54 9 46. 84 109. 73 < 0.000 1 & e
A 49.01 1 49.01 114. 80 < 0.000 1 ETES
B 226. 84 1 226. 84 531.43 < 0.000 1 ETES
C 37.85 1 37.85 88. 66 < 0.000 1 e i
AB 7.56 1 7.56 17.72 0.004 0 aTES
AC 11.22 1 11.22 26.29 0.001 4 e i
BC 1.56 1 1.56 3.66 0.097 3

A? 0. 04 1 0. 04 0.09 0.768 3

B’ 0. 86 1 0. 86 2.02 0.198 2

c 85.36 1 85.36 199.97 < 0.000 1 aTES
B2 2.99 7 0.43

ES 1.88 3 0. 63 2.26 0.2233

ARz 1.11 4 0.28

F4 EEIREREIA ANOVA 4547

Tab.4 ANOVA results of recovered alkali concentration model

i H S A A ¥r FiE P{E i e
Y 0. 210 000 0O 9 0. 020 000 0 32.49 < 0.000 1 aTES
A 0. 060 000 0 1 0. 060 000 0 89.20 < 0.000 1 aTE
B 0. 100 000 0O 1 0. 100 000 0 133.93 < 0.000 1 G aTES
C 0. 020 000 0 1 0. 020 000 0 31.21 0. 000 8 aTES
AB 0. 000 100 0 1 0. 000 100 0 0.14 0.717 9

AC 0. 005 625 0 1 0. 005 625 0 7.96 0.025 7 e
BC 0. 000 625 0 1 0. 000 625 0 0. 88 0.378 2

A? 0.000 711 6 1 0.000 711 6 1.01 0.349 0

B? 0. 002 038 0 1 0.002 038 0 2.88 0.133 2

c? 0. 020 000 0O 1 0.020 000 0 25.57 0.001 5 aTES
B2 0. 004 945 0 7 0. 000 706 4

KA 0. 003 825 0 3 0.001 275 0 4.55 0.088 6

4R 2% 0.001 120 0 4 0. 000 280 0
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PeE ZREL (R2) 43517 0.983 9 F10.946 6, X BEIIR AL THIN(E 5 SN Z I FEAE R AR AR DG, 22
BN, BB SSRGS Ao Pk, R e R RS RD  HOS AT BB AR A 7 B T NaOH 119 55
9 S5 A AT RAR 3 A 5 T A S

F3H, AL B, C, AB, AC f1 C*f) P {HI/NF 0.01, XTEREISCRA W B E -, £4 9, AL
B, C FIZYRIG C2 X [l e i vfe 5 A A S 52 (P < 0.01), WRI AC X [l i il e 3 A ik 25 5% 1)
(P<0.05), SXUBH], BREGHE , /KBNRE LG WS 3 AN T2 S H06 B R0 258 i m] i i v 32 19
WS 25, T EUBHA I KB L) A8 AR RSO b 2, R B U S R B 1) 52 BAE A
X 3 ~ K4 PEREXNNE FERNTLUEE, £3 9, B (531.43) > A (114.80) >
C (88.66); #4H, B (133.93) > A (89.20) >C (31.21), X, FZmahul (o] i 0 0] YAC Bl e
JE R E R A R AR B L | B i RN L
2.3 EEEXZEHEMIH

= Y 7 T P FE T B LSRR | KRR L RS 3 AN T A BT B AR W (B
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TEVEIRIE N 65 CRISMT, HECRRE . 7K/ BT Eb X B 171 Az 55 i [ YSe i 4k 38 110 22 .5
M, Z5RULIE 2, fIE 2 ATOL, BEERHRE I, B RIS R A R A R R A R K/
RHAHE LI, Bk ORI eme i B S I R R, X EEIET 2a FHIEL 2b AT LA ARER,
YRR it 2 R AR A KO LU IS, 5 [ A 3 7 S 3 T PN WD S 398 K T e AR AR it o AR 7K ek
LA ) T v T P v

i 1 s %/ %
] i i vt 2/ (mol - L)

a) B I g % b) i e 52
B2 iR I3 A0 K/ I bl 3o Rl 13 Wi 2R B 48w K FE Y 32 B RS M
Fig.2 Interaction effect of feed flow rate and ratio of water to feed flow on
alkali recovery efficiency and recovered alkali concentration
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Fig.3 Interaction effect of feed flow rate and temperature on
alkali recovery efficiency and recovered alkali concentration
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Fig.4 Interaction effect of ratio of water to feed flow and feed temperature on
alkali recovery efficiency and recovered alkali concentration
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A, BPRRRIRER 0.75 L /(m® - h), /K/ZRHAGEEN 1,28, N 65.5 C, BUAE T Mms =l i %
1 80% , TEICHRME BE A 1. 14 mol/ L, A T B Uk 7 i A5 280 iy BOAE i vl S, R A Rk T T 3
HPATSEHS, BRITTCR A 79. 4% , ISR EE A 1. 13 mol/L, SCERSE SR S5m0, Xik—4
UEBH, SR FH i R T A AR T BB B DO e A 7 I I T v AT
2.5 WEIWEEI KRS

K5 MR BB MR BXF LB R, I S T AR H, RO AR R, AR, T [
WO RIRE G, EIHEW, GRS/, B ENSCRK BT ZE R AR . NaOH ¥R A 1. 13 mol/L,
COD ¥R IE J 3 150 mg/L, BFFFEARFERE NS mg/L, G N4 4%, SO, FEWKE N 1.60 ¢/L,
S RBRAR L, BRI G ALY S BRI AR B IR, B PDR  NaOH 40

R

a) PEB by i 7] 04 e
B5 EWikSEEKETEER
Fig.5 Contrast results of waste alkali liquor and recovered alkali
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