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LW TR CRESEL A el T T R KA 2 k)
AIRATF; iy 2l: RE 106 mg/g, KB THRIM
HEUETREE A R A ], BRI IR 1.
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{% OPTIMA 8000DV HL/BHh G55 3 1 R P E AL . me A
KA Agilent 7890A S AH LA P41 I IR 553038
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[ A= Lt br i DIN V51606 SRtk S 7772
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Table 1 Primary chemical-physical indeices of coconut oil soapstock
WA W R MRAH NN VB R Koy Btk 2 5t i & & Na & &
I t\ Density/ Viscosity/ Acid value/  Unsaponifiable ~ Cold filter Moisture Mechanical ~ Sulfur content/  Na content/
em (gmL™) (mg.g™) (mg-gh matter/% point/'C content/% impurity/% (mgkg™) (mg'L™h
HfH Value 0.951 474 106 1.8 14 2.59 9 114 549.2
1.3 Pl EERTGE WO NI, FT I EIRIE . HRE ek R SLE A, (8]
1.3.1 FRESALR Wb 2l BT 22 R RE R . B A H PP el e 1 [ 38

B 1 PR SOSRE RERE DI E TR ke
B

—— /K ACold water inlet
—7 /K1 Cold water outlet

g discharge

LERLIR 20BN 1 3EBGEIE 4.0 SRt as 5 P BEEIRAT 6. ot 7.
B 8RN 0.0 A 8] e Al 10, BRI D 11 IE TRFFAL 12 R4 1
1.Esterification bed 2.Material export 3.Coupled channel 4.Simple rectifier
5.Methanol reflux tube 6.Plate-type cold well 7.Glass tube 8.Material entry
9.Screen mesh fixing groove 10.Methanol reflux port 11.Square openings
12.Slag discharge port

A1 AT ek R B R L TR A
Fig.1 Schematic diagram of reaction unit for pre-esterification of
coconut oil soapstock
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Fig.2 Effect of methanol inflow on esterification
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RGN EE, XOAECT o & H R LA B0 I 1S A
EIRE R AR
2.2.2  ARALA] An N Xt B AL KR 69 7 v
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N E 100 °C, JRIFTE] 2 h 264 R, M
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Fig.3 Effect of catalyst dosage on esterification
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Fig.4 Effect of reaction temperature on esterification
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Fig.5 Effect of catalyst reuse on esterification
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Rk, 45aBH2EERMH 2 MARMERETE, £
WEFAT, KH 50 g, BEMEE/RIG3:1. 6:1. 9:1,
S%MEALT, [T 105 °C, HEE BB B9 N 60 min.
AR R, 50 g, MR 105 °C, i
AN HEEE N 0.66 mL/min (30 min J&, AH24F BB /R
3:1) , 1.32mL/min (30 min J&, M24FEME/RE 6:1)
RN 30 min 5 R E R G F I R USCER A, R
FEEEAE N 0.825 mL/min, XM 30 min. 22N [F]#/F
Jixt N R R R RE R, 45 R 6 fR.

b. RSN SRR
b. Post-catalytic state of sodium
bisulfate

B 6 WEER-EESS T B MR RS
Fig.6  State of methanol reflux under pressure-atmospheric
pressure coupling methanol recovery

a. BREREMHEILT

a. Catalyst of sodium bisulfate

HH ] 7a AT, ASEBHERAE 7 S, R AR
FERLR, WA N REIE . AR SR, 15 min BEAA
B S BT o 7F 15~60 min B B N 3EFEAR L /)N, 30 min
IEF [ BCPAT . 30 min B, 3: 1 EE i BE/R ELOER(E B 106
45N 15.48 mg/g, FEALTFR 85.4%. 6:1 B BEE/R EL KRR
B 106 484 7.37 mg/g, #A6LE 93.05%. 9:1 By /R b
FIRR{E i 106 254 3.03 mg/g, ¥ 163K 97.14%. 60 min i,
3:1 EEyhEE/R ELIBRIE i 106 254 10.16 mg/g, k%
90.42%. 6:1 EEi AR /RELAIBRIEHH 106 224 5.11 mg/g,
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Fig.7 Effect of different operational approach on reaction process
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A oty 2 B el R B A e B I R R A R A KK, 1K
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2.3 FFmk=E
2.3.1 TESIE SRR
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Table 2 Main physical-chemical quality indices of pre-esterification

TiH I BAE o4 AR bl RSB K WU~ 5 iy Na &J8 55
I t;m Density/ Saponification Acid value/ Unsaponifiable matter Glyceride mass Moisture Impurity/ Sulfur content/ Na content/

(gmL™) value/(mg-g’") (mg-g" mass fraction/% fraction/%  content/% (mgkg") (mg-kg") (mg'L")
At 0.897 172 1.2 0.49 354 0.09 o 112.9 484.6
Value

oF VAR - el 2 B el SRk, T A S il R R K
MEabem, FRME. /Ko KRR R, HEREIA R G SEEE A
BT RFRER. 65 THUZL T, Ak 7H ) SO.> . Na©
BATRBMAR, BUREWEHRESE. Na 58S
TRl T AR EL AR LA K
2.3.2 AMEHFRFE

2 BTl /S BB 1.2 mg/g FORT-ih 2 B i

JRRE, %R 0.8% 0N KOH, BEMEE/RLLA 6:1,
1E 65 C FRPML2h, JR NG IR B H I & 1) H S,
BB o B H R AR P s e i, AR R R R AE P S
ZoK¥E. FETRAE . BEACH 5 R 145 2 1 A2 1 S8 B
) BV REFR AR LK 3.

H#R 3 L, Al A S AR R A
FE AT A Se bR (DINES1606) P45 AR Fg bR bLAL,
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Table 3 Comparison of main quality indices of biodiesel products with DIN V 51606

e 17 7k E pE ) N . — .
- i Bl K N i 7 WA HeR AR
Par:me ter Density/ Acid value/ Moisture  Sulfur content/ ~ Cold filter viscosity/ Ash content/ Flash point/  Glycerin Cetane
(g-mL'l) (mg- g'l) content/% (mg~kg'l) point/'C (mm2~S'}1/ ) % T content/%  number
sy
EW?MFH 0.8117 0.42 0.021 5 -3 2.7 0.01 118 0.011 50
Biodiesel
DINV51606 0.875~0.90 <0.5 <<0.03 <100 - - <<0.03 >110 <0.25 49
. esterification with glycerol[J]. Journal of Fuel Chemistry and
3 &

D DUBREREBABR AT, 456 B &S
TR B R A A P e 8 [P WSO PR P2 L, A ol 2 o vk
HATTRERAG N . WF LRI, BRERESTH I SO, Na'
BHITEEIMET . BETFIRPRBZET, 50 g
fE, RMHEE 105 °C, HES#EANENN 0.825 mL/min,
I ER 5.0%, K2 h FEALZ 98.3 %. HEfHH 9
WJEHALE 78.15 %, FALEPIRIR FRE<S %. #ik
RN B BT R BN I O T A A 1 R R

2) SRR B B R 45 A BB AL A H S
S [ SR R E T TS A E I a5 R R
RN, S FHE N & 1.32 mL/min &M 30 min, J& 3 &
ZA NI H R 0.825 mL/min, SN 30 min, BB
EIEMERME 106 22N 1.2 mg/g, #5413 98.9%, gLt
[5G 1 ho sk B2 R A B 4D 9 g 1l o R 45 T A8 e 1 2
K, WRACH S, G 00 A Sl B R 1 AR FE b
FrEE E AT A S bR (DIN V 51606)
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Optimization of sodium bisulfate catalyzed esterification of soapstock of
coconut oil to deacidification

Li Huiwen, Yang Lingmei, Miao Changlin®, Lii Pengmei, Wang Zhongming, Yuan Zhenhong
(Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences, Key Laboratory of Renewable Energy, Chinese Academy of
Sciences, Guangdong Key Laboratory of New and Renewable Energy Research and Development, Guangzhou 510640, China)

Abstract: Biodiesel is a fatty acid alkyl ester derived from renewable feedstocks such as plant oils, animal fats or waste oils by
transesterification with short-chain alcohols and catalyst. It has attracted attention in the past decades as an alternative and
sustainable energy source. The esterification efficiency of biodiesel using soapstock of coconut oil as raw material is related to
catalyst and the operation method binding reaction device. Heterogeneous catalyst has the general advantages of easy
separation, medium and reusability. In this paper, esterification of biodiesel with soapstock of coconut oil was studied using
sodium bisulfate as catalyst on self-designed reaction device. First, the reaction conditions suitable for the device were studied
through single factor experiments. Then, the effects of different operation modes on the reaction rate and process were
researched. It indicated that proper operation method plays a key role in acid reduction of low grade oil. At the beginning, the
results showed that the optimum conditions were as follows: When the reaction temperature was 105 °C, the methanol flow
rate was 0.825 mL/min, catalyst dosage was 5.0% and more than 95% esterification rate was obtained after 2 hours.
Meanwhile, under this condition esterification rate was 78.15% after 9 times of catalyst reuse. The high stability can be
recognized, which strengthen the target that to reduce the cost of produce through the reuse of catalyst. At last, esterification
rate was 98.9%, and esterification time was shortened by 1 hour when changed the operation approaches by the amount of
methanol was injected at 1.32 mL/min for 30 min under pressure condition, subsequently the amount of methanol was injected
at 0.825 mL/min for 30 min under normal pressure condition. We are happy to see that the acid value of the coconut oil soap
foot oil reduced from 106 to 1.2 mg/g using this operation method. This means that we have successfully reduced the acid
value of high acid value oil and the oil met the requirements of the subsequent ester exchange process. The raw material of low
acid oil can be transformed into biodiesel by transesterification and biodiesel was being tested technical indicators met the
current German biodiesel standards (DIN V 51606) after transesterification.

Keywords: catalyst; biodiesel; fuels; coconut oil soapstock; device; esterification; deacidification



