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Optimization of purifying linoleic acid from walnut oil with
urea adduction fractionation
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Abstract: The technology of separating linoleic acid from walnut oil by urea adduction was optimized in the
paper. On the basis of single factor experiments,the effects of adduction temperature (°C),adduction time(h),
m; (mixed fatty acid):m,(urea),V(95% ethanol):m,(urea) on the purity and yield of linoleic acid were analyzed
by response surface method. The results showed that the optimal parameters of the urea adduction technology
were adduction temperature —10°C , adduction time 24h,m, (mixed fatty acid):m,(urea)=0.3 and V (95%
ethanol):m,(urea)=4. On this condition,the purity of linoleic acid could rise from original 52.1% to above
80.20% by initial urea adduction.
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Table 1  Factors and levels of response surface experiment
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Fig.1 Fatty acids standard by gas chromatogram
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Fig.2 Gas chromatogram of mixed fatty acids determination in
cold pressed walnut oil
VE : IR R W I [958 /5 X7 24 : C16:0,C18:0,C18:1.C18:2,
C18:3. HHIE I [112.018min A ¥ I .

K2 RPEEMEI TR S IR TR AL

Table 2 Composition of fatty acids in cold pressed walnut oil

DR B 1) (min) i) HIX &5 i (%)
17.577 €16:0 8.1
21.833 C18:0 2.9
22.330 C18:1 28.1
23.360 C18:2 52.1
24.520 C18:3 8.7
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Fig.3 Effect of adduction time on the purity and yield of

linoleic acid
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Fig.4 Effect of adduction temperature on the purity and yield of

linoleic acid
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Fig.5 Effect of urea—to—biodiesel ratio on the purity and yield

of linoleic acid
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Table 3 Design and Results of Box—Behnken experiment

SRS A B C D Y WahfR4E (%)
O FUAEL I3 0, SV 3l R 1) 4l 8 R0 AR 28 3 2R 1% T i o 1 1 -1 0 0 77.1
IX 0] e A Bl A5 W R G 22, Sl R VA A T S T e n , 45 2 1 -1 0 0 80.2
AT LAPE &y, HAY IR 3206 v R0 5 18 DL A B AN R 3 -1 1 0 0 80.4
N TR 45 8 ) A8 5, Wil TR fE /S 21 T4 mr .t 4 1 1 0 0 80.1
W UL, LEV (95% D :m, (R 2D LUAE A SIRF, MV i R 21 5 0 0 -1 -1 80.2
JIE AT P FEAR I LU R BEAR . 6 0 0 1 -1 69.5
7 0 0 -1 1 75.2
82 1100 8 0 0 1 1 79.8
80 P 9 -1 0 0 -1 73.4
x 78 IS 10 1 0 0 -1 76.1
% 76 100 j;g 11 -1 0 0 1 77.2
& 74 lao & 12 1 0 0 1 78.6
§ . —o— WA § 13 0 -1 -1 0 77.6
T TR g0 7 14 o 1 -1 0 78.9
. , , , , 5 15 0 -1 1 0 69.8
2 3 4 5 6 7 16 0 1 1 0 76.5
V (95% L) :m, (JRF) 17 1 0 1 0 777
K6 V(95% .18 imy (R 20 BUARN MV 1R A 25 00 1) S 18 1 0 -1 0 75.9
Fig.6  Effect of the solvent—to—biodiesel ratio on the purity and 19 -1 0 1 0 77.5
yield of linoleic acid 20 1 0 1 0 79.7
21 0 -1 0 -1 76.3
2.3 MNEEWIZITRERSH 22 0 1 0 -1 77.9
R Box—Behnken ™10 2145 525G ¥ TF )i 2, Box— 23 0 -1 0 1 68.1
BehnkenSZ 56 v A 45 9 LK 3, 24 0 1 0 1 70.4
14 FH Design Expert 7.0, DAL B ] L A3 A5 25 0 0 0 0 78.3
JE omy GRS TR TR my, R 29 LUAEL, V (95% L E) im, 26 0 0 0 0 80.3
R 22D L AR Jy iy i AR 8, DLW 3 R 26 (%) g Wi 3. 27 0 0 0 0 67.9
AEL, X 2 3H A BEAT AL H], 45 2 410 )T 5 By ZE 0 M 28 0 0 0 0 70.1
2, R AT AR A — ik 2 TS . 15 29 0 0 0 0 792
R4 WIEIRET E TR
Table 4  Analysis results of regression and variance
T H S AN H ¥ Ffg pfl Bk
R 443.55 14 31.68 714.06 <0.0001 ok
A 1.47 1 1.47 33.13 <0.0001 Hx
B 0.37 1 0.37 8.28 0.0122 *
C 133.33 1 133.33 3005.10 <0.0001 ok
D 5.47 1 5.47 123.23 <0.0001 ok
AB 0.20 1 0.20 4.56 0.0508
AC 1.00 1 1.00 22.54 0.0003 x
AD 1.32 1 1.32 29.81 <0.0001 ok
BC 2.500E-0.03 1 2.500E-0.03 0.056 0.8158
BD 3.06 1 3.06 69.02 <0.0001 ok
CD 2.40 1 2.40 54.15 <0.0001 HE
A2 0.075 1 0.075 1.69 0.2147
B? 5.49 1 5.49 123.74 <0.0001 ok
c? 276.80 1 276.80 6238.62 <0.0001 ok
D> 31.25 1 31.25 704.37 <0.0001 ok
hk 7= 0.62 14 0.044
AL 0.57 10 0.057 438 0.0838
A5 I 0.052 4 0.013
SR 444.17 28

e

314 o155z 10m

RN (p<0.01) 5 # R IR 22 57 .35 (0.01<p<0.05) .
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Fig.7 Effect of adduction temperature and urea—to—biodiesel

ratio on the purity of linoleic acid
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ratio on the purity of linoleic acid

AR, Bl A L A R A T i, T ER 4l 5 SRR 2
B A, 240 AR ARSI, BEEEV (95% L) :m, R
20 LUAE 3 I, SV PR 20 R L e, 2R B — e B
B » MV TR 4l 5 3 R [ BEHAV (95% 2158 :m, (JR
20 LU AE Ik R ik /IS B AN T 1A% Ak g v 0 il i ki
MPEmE . S mak BT, S5 m kW V (95% L) 'm,
R Z0D LUAR 40 17 %5 A0 A5 e S5 4 m) 5 4, DEBHV (95%
CED smy (PR ERD LUAR ) SV v 1 400 55 114 5% i b B 45 3L
JERIAR- Al Ty .

80.4

3

g 791

i

§ 77.8 ‘

s RIS
= 765 R
S QQ\Q

75.2

1.00 1.00

0.00 - 0.00
D2V OS5 LB iy (R 1,00 100 - B LA
B9 A5V (95% LB :m, SR FRD HAEDG W R0
Wil
Fig.9 Effect of adduction time and solvent—to-biodiesel ratio

on the purity of linoleic acid
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Fig.10  Effect of urea—to-biodiesel ratio and solvent—to—

biodiesel ratio on the purity of linoleic acid
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Gas chromatogram of purified fatty acids determination
in walnut oil by urea adduction
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Table 5 Composition of purified fatty acids in walnut oil by

urea adduction
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