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Abstract

Furoic acid is an important material of industry, such as synthetic resin, medicine and pesticide. It is
necessary material flavor, which is not only used to synthesize alkyl esters of furcic acid as flavours, but also
used to synthesize hydrogenation of & -furoic acid and so on.

Based on the literature, works were done as follows:

Part one: Traditicnal technics of preparing furoic acid were mended. Nanocrystalline CuQ was firstly used
as a catalyst to prepare furoic acid. Nanocrystalline CuO was prepared by hydrothermal method, whisked by
magnetic force, activated for 3h at 500°C in muffle, then refrigerated naturally, at this time, the catalysis of
nanocrystalline CuO reached the best. At the same time, the optimal technics condition of the preparation of
furcic acid was achieved. When the dosage of furfural is 9.6g, the molet ratio of furfural and sodium
hydroxide is 1:1, the optimal condition was gained, that the temperature of reaction is 60°C, the dosage of
nanocrystalline CuO is 3g, the concentration of alkali is 40%, the time of reaction is [0min. The solution of
sodium hydroxide of 2.5% was added to reactor in advance, furfural and the solution of sodium hydroxide of
40% were droped at the same time. The time of dropping is Smin. the yield of furioc acid is as high as 92%.
After the catalyst was used three times, its catalysis is still very good.

Part two: The process of preparing furoic acid was tracked by reversed—phase high performance liquid
chromatography. A new reversed phase high performance liquid chromatographic method was established for
derermination of furoi¢ acid and furfuryl alcohol and furfural, furoic acid and furfuryl alcohol and furfural
were separated by C,g with acetonitrile and water( the ratio of volume is 50: 50) as mobile phase at the flow
rate of 1.0 mL/min.The column temperature was controlled at 25C, and the wavelength of detector was set at
220nm. The component were separated in four minites. Under this method, the pH of mobile phase was not
dominated, the operation is very simple, the time of saving is short. The method of adding standard was

adopted in this method to fix quantify. This method was use to the process of preparing furoic acid to track
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reaction, and the purpose is very good.

Part three: Furfuryl furoate was prepared by calcium oxide and sodium carbonate as a attaching acid
solvent firstly, Catalyst was not required. With the effect of attaching acid solvent (the moler ratio of calcium
oxide and sodium carbonate is 14:1), benzene was used as solvent, the moler ratio of pyromreyl chloride and
furyl alcohol is 1:1.4, it was heated by water bath at 60°C for two hours. The ratio of furfury! furoate is as high

as 81%.

Key word: furoic acid; nanocrystalline CuO; furfuryl furoate; reversed—phase high performance liquid
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eI F ALY 24.0g (0.6mol) . ZKE LI 51.0g (0.3mol) 43 FI¥F T 400ml. 200m!

AAKD, EROIEE T MASAMER TS RR AL TSR, WER S 2h, &
EEANBRMERKBRE 60CTAKMRMN 24h. AH. THE, BWKEKBEEPHE. 60CT
FRBAIBOHR, S00C LB PRI 3h, BRGHEHESFH.
2322 [EMBEE

HEFARECEL A 24.0g (0.6mol). —KFALH 51.0g (0.3mol) 5—Hi&ke, iR
THHE, (EEERNTS, TIBRNLEED, BEMKREAEHENERA, HRNTE)E,
SR KRR, WAERSDARBEKREETE, T, BE60CT ik, MERE
ARGREATRAR . S00CHBP P EHRESIF 3, BRRIRERERN.
2323 PRI

2> BIBCHH 0.50mol/L ZEAM. 0.50mol/L —/KEMH, FET, ¥ 120ml LEALHH
ORI BN 60ml FAHAKEE D, FINEARAESRNE, 24 2b, T HEBRANSE
ZEE, 60CT T4, HARBAMNIKELTHER. S00CEHBTEEYE 3h, R
IR IRE R
233 GREARHIRA

W X A BT, £ JCPDS RILR, WLAMIEX =5 g & rark

FUHBARFRER, R Sherrer AR, T LMAEH A, B, C EFGLREFRE M K)F
Bk R~} dxrp KR 170m. 220m, 36nm; B =FAKREMAGRAEH AT ES, K
AL AR EUL BTN SR, T B AR BB VMR EOBAB YT ) & AR UL )
JERFG. B 2.1 (A BER 23.2.0 KAGRLEH&MIRELEREN g A B R
HEHE 2.3.2.2 FAARRIBE i 2 O AR EAL B B ST R BT C R IEIR 2.3.2.3 SRIBHATTRE
ERENBENEERED:
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FoE DREFILH SRR RN E TR

B2 AoREAFeEH REi s

Fig2.t  The photo of TEM of manocrystalling CuQ
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B8R ORGSR R R

234 ZRGitw
2.3.4.1 GUKEALWR RIS T EER AR BR R B e

HRSERERAE 23.2, MEMTBERIKEMT GERE 2321 FIEMELER
THA; RERIE2322%EMEmTA B HERIE2323 HIRNmSA O, 4AMATER

BAF 241 AR, SKRERINR 2.1 Fir:
#£2.1 HIETERPARELRELE RN R

Table2.2 The effect of preparation method on catalyze of nanocrystalline CuQO

TRFS 1 2 3
AR AL A B C
BEBECE / % 92.0 259 302

& 2.1 WLER, AARRLEHEBFRE MR A LA e, T
[E AR BB A AR AR T TA B & AR S B AR R AL R, (BR B TRIETEREE
FAFT &L Cannizzano R, B4R —#R7-ERE, (HE™HRIEFM, Bk, RIEE
KB AR R A K AL -
2342 FOKREARBBEA T ALY

AR 2321 KR RUIEHISHREALE, BB T MRz NH T AR ELEER,

MEL =L e, FIRBREHAE, LRERWR 2.2 Fiy:
F22 HATARGRALR A RN

Table2.2  The effect of milling method on catalyze of nanocrystalline CuO

LR 1 2 3 4

Bit it B G

HESE i, B it
BEWE/ % 92.0 21.9 18.5 18.0

& 2.2 (LM BOOBH THERAREMFERESCRF RSN, THasii

19



BoE B R R AR
PETRITR B R AL B il (Lt B AL, UM RREZERRME & 0 Tl LUK

Cannizzano R, FiLAEMMRBRER, EREFRRE. FREHEM IR THEL
WY, MERAMAET REAESE, RREATE, WTREMBNEAER. Bk, 8N
RSB T Bl ALK
2343 EHBEN A RHEN

HREIARIE 2321, BURSCREUSED IR RELRE, NRESBIR, #
HBNAR AT FERBME 241, RAFECRENFREMTERHEWE, HFRNE

2.3 Fian:
#23 BRI ELERAEM
Table2.3 The effect of activation temperature on catalyze of nanocrystalline CuO
RS 1 2 3 4
FEALERE / C 300 400 500 600
BRE /% 64.20 73.13 92.00 92.00

h¥E 23 LB, SiEHERN S00CH, BMMKERRRE, YRS
W, BEREAERAE, Pk, RITERPREAMIEEES 500C.
2344 L RS LR W

R 2321, BRGPREMFED P EREARTE, RRBRERIE, #
TR KB R AT EREE 2.4.1, BRIFIL R ELBAE LR AN, &R

Wk 2.4 iR
%24 iHLE AR EEAFEERE
Table2.4 The effect of activation time on catalyze of nanocrystailine Cu0Q
SIS | 2 3 4 5
SEAGKTE /b RiEL ! 2 3 4

BRI E ) % 21.9 64.1 71.6 92.00 92,00

20



BOE AR AR I R AR
B 2.4 WEUEH, BEEFAR R, BREEENRE, Sy 3hi,

BRI ER S, JKEWTANELR, XEREATIIER, ERIGH mASM I,

SMEETERR, B, RONEHEFREWHRNELR TS 3h,
2.3.4.5 E4L)E BIRA HIRIBRIR VS HIN ALK HE RE R W
HRLEERE 2321, B50E BREIMBREGANXILIR, ER=R, BEx

BfE 241, RWAKEARIRILIER, LR RIN% 2.5 i
& 25 EAEAED SRR RE R R

Table2.5 The effect on cooling mannor after activation on catalyze of nanocrystalline CuO

TRFE 1 2 3
AHIE A BRWH  BRBH ARAH BRAHY BRAH  BRAH
wElE /% 9200 81.31 91.85 78.59 92,15 79.58

B3 2.5 LB, FREAMRFLFEEND BRI ERRARH, ~EHE
EFHLEEDRET ERNE, B, RISEMRELHMRELAED PN R
Yol

LR, SHREMRFER KR REREN, @B, S00CHES B HiEL
3h 5 B A, HAENIERRET.

FIF R

24.1 BRERHIHI%

TEEMIRAE . EEMHERE. FAEM 250ml #USESR P A 3g HKE L,
{8 FE R ST 20 B 40% (¥ NaOH ¥ ORI 9.6g B8 EREE, HPBBAEA L
WEIEERE A 1 1. PUSBSHE PR RS 2.5% It NaOH ¥, TTRMEHEETS. Mk
BT 60°CH 4G R A E E S (7KL Smin), ff RS IR 4R FF4E 55~
65°C, W5C/E#ELBEATS 10min, LKA, A, B EMAE G RN NE .
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B AL SRR R A A
SR EEE UG SRR R RORIS I8, SRRV IER AP R, BRI, WAERTFIA

I T PH7E 2~3, WHERERATE, BIEHMIE, BEKHEE. TREHRIKNEE
RS, RNEHFRENRERRATT RER. KRRf S RARKES ., Fit
KEBEA, BEMBEL NS, FEERARME. FRESN 132~133.5T Ok
187 133~134°C). BB & R EARES M A ES R 2.2, B 2.3 B

L] I T ) 1) 5 i
He k] (1] e 000 mw
Tavorszhar 2=}

K22 B &ILAEE
Fig2.2 IR spectrum of product of furoic acid

/

—_—

TRRHSHITTANCE 3¢
&

T T ¥ T T U T
£l X0 o 15 1000 11
RVENUHIER! 4|

Bl 2.3 WERERAESL A oM

Fig2.3 IR spectrum of standard product of foroic acid
22



BoE LR R R S
242 RMNTEREBRE
%484 Alltima Cig (250nm*4.6nmid., Sum) ;M AZHE: K EBRER 50.

500, WE% 1.0mlUmin: #EKH 220nm, 8% 25°C; HEER 104l

HERAFRRURER B BRERES % S0mg, 2RI HHEMH €A R S50mL, 3 1g/L
FIRRAEHE, A5 RURER ., BERE. RGNS 10ml, HHIHREIHEEEE SomL,
1331 200mg/L MIRAWEH, MEBRARTERRENRTIFERE, % ERAEF KRS
W& PR JHerHE S . R R RELA SRR RN, 2L 1X107 'moll
MR EPHEE, i 045 4m MUEIR, KRG 0.05ml WHRARSHERES 50ml, H#&
BT, BAARLE=E,
2.43 EERIMEL

REJEREARAEREAT THRER, EREH=ZRE, BUFINEEKRERE, 4

EREEHENRE, RMEHEREMR, XTREFEN: FURELFE RS RN
FIRE, ASBEEAEMEH (B, EEEEAMIRY, BURNREH RS
ERNRAHRRYRES, TAFLONALERAITRSeRTAELE, i, #
TR S B PR R, EALFIRRE B8 HAF L. ShRRE RIS LUR, MAREA
VEERFIIR, FRIANERE 1h, AEEE. ZEKERETHE. 60C TR, TRERGHH
B, T LhEe 500°CEREE 3h, BIRFEFHEH.
244 BEHEENLL

TEREARER, IO 2g KBRS, AL EREK, BT, SREAT 80CE
A, WRPAGETEHEE, WASMAZRBKSERIMTEEW, KAF 10ml iR
K, FHIRERRE TR SR PH (B 2.5~3.0. A5 IRHIRIEES] 80CAAIN, I 0.3g itk
AP 2min, BHUTIE. MEHEQRWH, BRKEKAH, FHERTEH, Mg Ak
KPR 3 %, MTRADARRCRAE 1.8g, FEH 90%.,
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BHE  HREERLEE RN R N TR

BHY GREWE

251 RFFAFHRAL
BRERIBME 240, BT SRARLMHIASE . SOREARIHARUR RO, %

MR EH AR BTG T BB, EXRRSRINE 2.6 Frx:

F26 BIEBBROECRREIEER
Table2.6 The orthogonat and its result of preparing furoic acid

\\\\\ﬂﬁ‘%ﬁ%%ﬁﬁ PREMBE RPHRE /C ORERMRER /%

ks /% HE/g

1 5 1 30 64.18
2 5 2 40 78.30
3 3 3 S0 82.76
4 5 4 60 89.80
5 5 5 70 84.96
6 10 1 40 69.40
7 10 2 50 76.44
8 10 3 60 84.29
9 10 4 70 75.88
10 10 5 30 73.21
11 20 1 50 67.20
12 20 2 60 71.44
13 20 3 70 85.89
14 20 4 30 69.32
15 20 5 40 70.95
16 30 1 60 76.02
17 30 2 70 71.52
18 30 3 30 70.96
19 30 4 40 81.29
20 30 5 50 62.50




FoB RS R RN SRR

21 40 1 70 75.42
22 40 2 30 69.21
23 40 3 40 83.71
24 40 4 50 86.79
25 40 5 60 89.33
K; 4.000 3.5222 3.4688

Ky 3.7922 3.6691 3.8365

Ks 3.7480 4.0761 3.7569

K4 3.6229 4.0308 4.1088

Ks 4.0446 3.8095 3.9367

R 0.4217 0.5539 0.64

H% 2.6 TEAE H: $h%E Re>Rp>Ra, HIBLETH, RARERZEWEREENEERN
®, HURHKENFHE, RERMIIKE. FRE K H#700, K GfesH
F PR ER LY, BREMMNKEPENREKE, SEERREKFES 3SR
RINBHEAS. Fit, REBE ABC hRERNEMS, MRMEBEY 60C, BIKE
A 4%, FRENFROAER 3g. RITXTBESMET THIE, BERNEZEFTH
KL 5 92%

2,52 AFEMEAGIRIREAL T S REI [RI0HCR  EmR L

LR 241, REEA 60T, BWHREN 40%, SHRERELSH ., LER
e, FRECERTREWE. BEFLEIEREAH (S00CAS B 15 3h)
PARTEALJR M POR AL IR 3, B 10min B — R, @ EAHE IR 7RI, RER

V%] %ok ¢ B A 2R 1) el L6 2.7
#27 RETERDERRE W R L

Table2.7 The contrast of effect of reaction time on the yields of furoic acid

& Rt 8)/min nElzEEE 10 20 30 40 50 60 70 80

BREKCEKRELL 7513 9200 9191 8840 8521 80.10 3091 80.10 80.06
)

BRBCR(ERAL 1011 1326 1390 13.80 1420 12.01 1236 1201 1285
25



BoE ARSI SRR R R

W) /%
BREWR(ERENL 7429 89.80 89.80 86.51 84.12 B80.10 7823 7851 78.56

) /%
BECE / GEfRIG 69.81 8590 8500 8550 73.00 70.00 70.60 70.55 7051

(LY e i
BMKE/ GELE 7353 90.00 90.00 88.11 85.52 83.80 75.65 75.60 75.05

MERE D
% 2.7 AN, FOREMR. EREAS. BHEHERENHHURELGNE

FREACH R R AT 10min ER 2R, TAFEFMHENFEZE 40min, BREEAKBIRH,
FEMWERK, B4 LRAEERE TEREAT. KA ERLERRRE
e BN ERENRE L TRROAEAERS. HELENEREMFMERENL
WAL, MBEMREAE RS AN RMES, EHR T ERERENENELERER
FACTERLT .
253 EAMNESERRETRRKZ WX

RRIRIE 241, KREAH . EREMFLLFELFRNERLFNELR, &
NEAEIAEALE, HEBTEREALR, SRLE24:

# o N

3

EFPHRESRRTE
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F_E BB ERRNR Y EHR

g 1 a 3

HORE LIRS (2R

[ 4 i El

BRENOREBIMES RS

B 2.4 HEALGE E 08 R KON B BCR AR nasy T

Fig2.4 The contrast of effect of repetition time of catalyst on the yields of furoic acid

HE 24 FTRLEH, gOREMFERFA=R, RBEMEANRREREELR
R, EEMKE, REAEREEHRFR MERRARMELENEREARER LR,
HAPRRER ML Y] BIFE. KW RBUOAKEALHIMBIRE . RIBBECK, Bk
HERMAN, #ABREKERTMARNSEEENERACHER. BEEZEA=KEN
HRENIZIE TR B AF 2.4.3 BHTEELE, RELELK 24.1 #THR, Lhes R
Bl 2.5 B
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R AT SRR RO ERT A

¥ - XTI

BERRMAE LR RS

Bl 25 BARMAKREANEREH KRBT R ECR RN
Fig2.5  The effect of repetition time of nanocrystalline CuO after rebirth on the yields of furoic acid

i 2.5 AUAEL, FEENSKELRNRESLH SBRRKR LG RF RS
e, EEEA=K, BROURNAREERE. Hit, ROEFFARILEERLR, &
ERRE
254 [ RBUBCE R 1] i € B

B LW 2.4.1, BEERPHERBENT, ARRERAE, SRERME 2.9 H

3

R29  RMHRIBCER )R B AR

Table2.9 The effect of the time of placing of reaction fluid on the color of product

e =) 1 2 3 4 5 6

B &R / min 0 10 20 30 60 100

Pl B =fa) AEE KEG L waE g

H# 29 ATLLEY, RMHENERRSK, FRAGHIR. RNEGHEVEIHTRA
B, REGAOE. ZHREFAKMAEMENTETREFARE, EREBG
HimEY, EREEEE. Hik, ROERERNEREMHETRALLE.

Gr LT, R EUL AR R AR T 2840 AOKEAL ST, RIS R4 10min,
I HRE 60°C, PIKFALE A 3g, BIIRER 40%, KSESTE] 10min.
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B8 mma s SN RN FFTT
255 RIS BOREN SRR
(ESERF AT AR R AIE AR RABFERIN, — RIS A R

it E, WSBURSHRENRER S, ERE TNERRBRDREMRE=Y, F™
PUCERRR: MERENTELRIRNEE, REIEY, RMBEHEHMERY,
Heag BP0 A A 5 S BR85S, SRR R B A O A B R s I S
R RERBEE E—BTH, BH. RNBEVRRRER, REARHINT N
SEERYWR MY ERENEERE.
2551 WA AREERER

WM AR, MOREHAZRE, HRNKRERAREA DL, FneREkES S

40%, RAVEEHHIEREY N 25ml, SR A R 2.10 Bk

#£2.10 A AR R
Table2.10 The effect of method of droping on the yields of furoic acid

SRS 1 2 3 4 5 6 7
4 I BRI ) 8 R AT i

SR BRI - 0 L 2 25 3 4
WREE /%
KR /% 60.0 381 751 829 920 920 91

HE 210 TLVE N, LRAIHEE RN, MR RmE, SRAR RS
RERRIR R, LR MR PR RGN, BRECERE 38.1%, BB RIS AHE
FHERR, BEECEANRR, IRMSTEREREN 25% N, BRELRES, %
BRSNS TR IR, RMRINEREANE LI, B, RATESE IR R A
40% AR, RSNERNMBEFBUEIA 25% EELMEE.

2552 RRRER IS ERCR H W
ERCRERAE 2.4.1, BCEERERIMBPIER, BIFRIFAAE, TRERWE 2.11 Fix:
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B iR AR S R T

R 211 PREERIEE MR R A
Table2.11 The effect of speed of adding furfural on the yields of furoic acid

U PR 1 2 3 4 5
W e BRG] / min 2 4 5 10 20
BRI / % 70.01  79.89  92.00 85.12 80.37

M 2.11 (LA, MERIERAR, KAREERN, REATE, FREE;
RMEEAE, HTRMAERR TRESITIHESREBOREHRY, Frbl k2 EK,
ik, FATEHEBEELE Smin HRM5EE,

2553 HEFEEMNECHEEERRRERER/ZH

HRRRRIF 241, HHEBFENRTEFEIN TR, KRERNE 26 F8

EEAEM: b TBAERIER):

g 1

B 2.6 HILEFBMHTHKENFE LR
Fig2.6 The effect of nanocrystalline CuO on the yields of furoic acid by ultrasonic or not

mE 2.6 TLIFWL, EREERERTRENECENESTREEMEERNERAK

E, Xk B TEEENER, HEHREARIHRAEL, BETEAREM, Eit,

R ARG, BRETEFRENTHERREETITLE, FERNEFTERE
P

bRk, RRERMBHHEMA 25% NS FMEE, B)5 RERMEER 40
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BT R S RN R R AT
%S RAMIITTIE, REMIMT ERAFE Smin . RNYSHSREIT.

25.6 REE M RZHE
25.6.1 FREDNTE A BB 2

SR BRI 244, SCRMMRHNE pH, HIKBRERAE, LRERWE 2.12 Fir:
F2.12 PHAENTmBiGHEW
Tabl2.12  The effect of pH on the color of product
S | 2 3 4 5 6 7

pH 7 5 4 3 2.5 2 1
ReER /Y% 69 73.0 791 90 90 89.5 89.7

g

miFgE wEe REA ¥Re AR g ARG ARG

HR 212 A LLE Y, SR pH AT 3 B, BERRF =R, WHHEARME M
Lt pH N 2 B, BRI EUERE, HRELH, §XENREARRYR
R, XA HERE AR EE A B SR NERTE S, FERT LN BT
ARERAF R HIF_ ERRNEILHE, T (ERkmgiR LR FE IR, FFUREALRT BE
miRY R EHEAEME, FREEARBE, AMFeIbEK. Wik, ROEFERL
I pH {ER 2.5~3. LHRMBRERATIN, dTHRERNNERERD RELGH B
RAFRRITR A WRES R, SEURMIAEIE, Fib, RADEFRERBILA.
2562 YLHANEREEW

fRRSLIOBRE 244, BRBEEIEAIBNEL, HIRBRERAE, KRESRWE 213 K

F 213 BERRIE AR TR A W
Table2.13  The effect of temperature of washing solvent on the yields of furoic acid
1 2 3 4 5

KBFS

VEFR T / C 0 5 10 20 25
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B LR AR R AT
90 89.3 80.1 713 50.7

Bk / %

M3 2.13 TEAE N, HRETRAEBIT, RERECRES, Fik, RATEERHKEK
BHEE, FHEAGEME, BRIK (00) %Kk, AERRESSAMNEH LR
REK.
2.5.6.3 IR IR

HAMBE BRI E, HIRRERAE, LRARWE 2.14 P

R 214 ZBRFHEITERECE W
Table2.14 The time of serv on the yields of furoic acid

TR 1 2 3 4 5
AT / min 2 3 > 10
= B K#EE ARG A6 HE EBA

SRR / % 91 90.4 90 85.1 80.1

i 2.14 LA, EHERN, ABNETE. RABRRICEILRS, HR™ NS
BB, RRREER, AMUERSEmE, WHERHETRE. XTHERRAER
REIREET, Wl R 4 Diels-Alder AR, LM T BEAEMRMESY. Hit, &
ff 1 F I #eAh Imin.

BN RPPLE R

FERS A R R Y AR A
—CH
“ ” M 55~65C / o5, ||

_ . °
Ny Do sowmmis oo dxo K c\)

RBATIR AR AT A R0, SRR EREH =R, KB RARE, X
BEEMAARNERN, HLRMEEERREE Mo Bmiir, REESEARNERTE

H

O:O
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PR R RN R R

AHAEALE . AT T LUHERT 9K S Ak ol A AR S L0 11 20 R P S LR g
© HAURFMRRERERKFER, ARFERASRATR GEaf);
@ SEHEHFEFESTRES T RN
@ FALHIgkAE BN N R A AL R, BEMER .

Hf—ﬁH H HC —CH
/ H
HC C— + CuO (k) ——> Hll.‘! ﬂ—< + Cu20 (FE4If5)
v’ N
5 (02)
Cu20 > CuO{mx)
gL N &

BUCRASCREASEEAA, HTHESAH S8R, A5 T8RN TR,
WEWIRE . JELI 1A LLR LG 9 107 SO R EUL L YL BE IR, SER& REM:
SRAIK SRR S AR B, KA B, 7 S00°CHEL 3h SR Bk E 8%
H, HEAMREN. JOREMMEEREHEHN =K, HEAERKRELT.

B, EMNHHEREAERRNEET 4640 YRRARY %6g SHENK
MERMIOREREN 1 10, BHBERNAMNA:, RVERE 60T, FKELFH I
BRI 40%, RN 10min, 7ERMAFFIEMA 2.5% HARMHEE, FEe
IIRREERT 40% S EALMER, WAL 92% .. RAUREATERLT, RVNEE,
EAANEREHFE, &6 TR,
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B WMREEANRESEROONTE

=E RRERARES BRI

F—W EEEH
3.1.1 EE{H#
HP1100 ZHAMEERE (BEELRETZHAN. WoE. ZREHFRNE. g3
FE AR LA R AR TS R G HP (L2 AR % H Agilent 2 ]
BS2248 R -F K (R#AZE 0.0001g) TR 3L BT R A A
3.1.2 EEEH
ZE (faika) RET BB AT A RO
REE (ST I AREBA R
BE (O XEBEN
Bz (S EEZEHLERHAT
WER (rArel) BB A
LB K A =k
BN LR
3.2.1 RAAIEX

BREEENAICTRY, MEATW EEERFETEAS. R, iR, B
REREDRRY, PHEE, BTy EEAIRRAAR SRR, BEA S, &
W4 F AT LUK AL Cannizarro REY. Fit, EREEMESERLETS, FHEEE
AP SRR A AR . BT DUR PO RRRRERE S B MR, T RN
RECWHATREE. ZREE S QREM TR K (pH A 4) =20: 80 SuRsI%
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FOF REURELONE S MRk

MEmeg. B, B, ERHET pH BREX, FEEH pH. AXRAZE: K=
50: 50 fEAHENAE, LR S pH, BRAERR, RENRGE, LDRRNRE) BHE
k. RASMrERER, IRRHATREEMS S RRN RN IR, BERN, JRRI.
3.2.2 BilFH

FUEEES Alltima C5(250nm>4.6nm i.d.,5 4 m); BRI K EHES 50: 50),
P Ay 1.0mL/min; REHK Y 220nm; &EE A 25°C; HEEER 104L.
3.2.3 FRYERWIYACH

EHARORIR. . BEE S0mg, R AREMHERIFEEZ 50mL, 4 1gL &
PREEREIR, rAVERERR . WY, BRERAREREE 10ml, HHAWSAERE 50mL, 15
2 200mg/L KR AW, MBAARRERENRIFFEERE, & LRI F KK MT
BARAEEH .
3.2.4 HRELAE

BEALHSRERAR, SR 10min JUFE—R, £ 1X10 mol/L FIRELE
TR, 045 4m FUEME, SRFEEL0.05mL FAIFANAEMBEE S0mL, MLEEHIE.

B=V HZREW®

3.3.1 FLBER

ERELRFENT, MATTHERHP 3 AL 4min 2405, HAKELE.L
(B NEAER. B AR BB

35



B8 BREENERIROBILZ

DA A, 533221 16 Ret=300 100 D YERYGRR T

Bl 3.1 BRRRIRAIERRS IR SRR AR HPLC Bk
Fig3.1 HPLC spectrum of the mixed standard selution of furoic acid
and furfuryl alcohol and furfural

3.3.2 WEhAHATIER

HHRB T AR B - K AR — K ER, STRB, TR OKERTH
7% PH, MARENEAENEEN, BB KBEARMTIERSEE Y. F
T 1.0mL/min B, BUERAAT ZIESAN LN R, LZESKRRBIXT
50: 500, WEEAMBMNEHSES, HENENT, ZHLABL, ERUBEE: X
LI EKMEBINT 50: 50 B, =FUERBRLIE, HERBNBEAE, LLH
SAMEBIET 50: 50 M, =HMRIEES, WLRRIOBEEY. RIEEFHRHE
H 50: 50 2 5K RIEAWENH .
3.3.3 HEENENESY

REATEM T — DM FATIE 9 ik, HSCRERmE 3.1 Piok:
31 BEELRER

Table 3.1 The experiment results of precision
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H=F BREEARES RO
Sl WEEmE) gl RSD
Fe OBR BN OBE SR BE NE SR R N

5555 9083 336.1 5551 9082 3369 0.87% 0.66% 043%
5559 9083 3372
555.8 9078 336.7
555.6 9076 336.9
5542 9080 3365
554.6 9082 3375
554.0 908.1 337
556.1 908.0 3372
5540 9099 3369

3.1 AERRR. R E & R AR R MR ZE (RSD) 475120 0.87%: 0.66
%; 0.43%, Fik, EMEMAAEENEER. BEASRSEEARRNEER.
RFHEMAEIAT BRI, 2R HERFIA 10mg. 20mg. 50mg KIFERR, HE

MREERRES RN, #5324 PROESHERN, HLRERNE 32 Pir:
%32 FEREIRER

Table 3.2 The results of recovery test

[a—y

= I - Y L I ]

TS 1 2 3 4 5
FE i FRER
10.5 10.5 10.5 10.5 10.5
{mg/) BB
FERE
MARE B
(mg/l) - 10 20 50 50 50
PREE
W E 1 LERE 20.65 30.86 61.5 61 61

(mgf)  gm 2036 305 5975 5975 59
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B=R  BERERNERRTRRRRDE

mEe  20.03 297 58 58 58
Ec%  mE 1015 1018 102 101 101
B 98.6 100 98.5 98.5 97
s 95.3 9% 95 95 95

3 3.2 IR P I IEIMEE X 101.46% , RREEFREIE % 98.52%, RETFIIM
HH9526%.
3.3.4 IRHEMEMEKRE

ST EERAE 3,23 BRI SRR, DURERIRE C (mg/L) AETAAT, IRmBINH
ARERIEATERMERE, REE, BEEAERK T/EMHLESAmE 3.2, & 3.3 f1E 34 FiR:

0y
1506 o
3820
1535 o
E-}
FEgl
@
- & w002
). 4
4 A~
1552 -
108 '!,‘
.
=5 _‘,Jr"
[~
¢ 1
3 < a2 [~ ® w0 1=
X Axs Tiie
WHRRE (ag/1)

B 32 BEOTEH
Fig3.2 The pursuit curve of furfuryl alcohol

% £
ﬁl—
i 3
<
$}>-i:‘.
- -

X Axis Tiie

MREMREE (ng/1)
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BT SRR RS R
K33 SEREM T e ks

Fig3.3 The pursuit curve of furfurai

BT o

500 /
2608 -
B E e
e ey
» <
> 1oe¢.| /
nc-//
u L] ¥ ¥ T T T [
] - w K it k1<)

X Axiz Title

WEHE (ng/1)

Bl 3.4 BREREY TAFMhER
Fig3.4 The pursuit curve of furoic acid

BRMEHEIR AR Y=30.62+25.98X (1=0.99989); REZM&EHREIZFER:
Y=97.89+41.23X (1=0.99999); BREMZAMEIEINTE: Y=52.10+14.98X (r=0.99988). B
B R R BRI 2R PE TR 0.4~200mg. # H IR (S/N=3)>45 % :0.101, 0.042, 0.406mg/L.
3.3.5 R

FH LR AN S SRR RS EHT O, RERNHE, AR NEM,
PEREAE, ERRNAMN, EaRRER. MIEHEEE 3. 24 TSR GHETE
T, R RNAMT, RN RXERECERNZEAEEERLE 33, BoERN

ik mE 3.5 i
£33 RPN R R %

Table3.3 The effect of reaction time on the yields of furoic acid

SRS 1 2 3 4 5 6
J2 I BF 18] /min Ikl se 10 20 30 40 50
HRRR /% 51.0 79.0 78.0 76.1 733 69.8

T 33 TLESE, 10min BERCZ RNV ES, i HEEEANREN RERENSFH
129.46 1 35.44mg/L. &4 TEH THRESLH BRI AF SRR o, MR,
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M= RMEEANER S BRIk

DR A, Sign22C.18 Refa3EEL, 160 (DY GRAYGROC204 O}

T

DADT A, Sig=2241. 16 Ref=366, 100 (DAYGRYGRIJZOS D}

2 A H 5 omnog

TADY & B -028 VL R MR DR JO N ORISR O

‘::WJ J\_.l___m

B35 FamRmARHEEsE
Table3.5 HPLC spectrums of the sample
(a EERERIH MR REREEE b HRAL j0min FHOEKE o HEEEF FHEIRE
PR, B NERERT)

[ imc
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BB R R SRR

0L Y N

AR T R (HPLC) FEI R, ERARRNT S, ¥
M Cig BABAE, WiBhHH N 208 K=50:50 (EFREL); Ji# 4 1.0mL/min; KRBEK 4 220nm;
B 25°Ce 7F 4min AL =RA S E20 . B, BEL. BERHE (SIN=3)
Zralh: 0101, 0.042, 0.406mg/L. FHFMRELMA 101.46% . 98.52%. 95.26%.

MR E (RSD) 43504 0.87%. 0.66% . 0.43%.
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FNE  BRRERAREA TR

FE HRBREERSK

BT ERNSFAEAN

411 FEHR
FST-40 R4 AL KBr [ER) XHEBEAF
Bruker-AV-400 ZI# i 3E4% (X (A #50 TMS) %M Aligent 27

2W AR DL e L)

4.1.2  EEEH

L Hil

BEE (L8 L#EEFAERMT
R EHMREL LEFERAT
HER (BASNRR) EL

BRI TR ERE KR RAT
Ak piEart e an vl Y

TR RN piELtaarvillcY

ES EHHEUTHRBAT

P RREER S

4.2.1 WEEERIHE 0

] B (RIS LHIN 250ml # = 2B, A 25g(0.22mol)2 — Tk H RGF0
65g(0.55mol)F AL WHMR &Y, BIRSEE N L RiEEEf AATSNRETRE, RET
WSS E BE, B3R 90CRIEREARBHP MBI 1h, BE, AF
HAEEH, BIERR, BEREEE, SRHEEN AT, FdE 173~174C RS,
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B BB
B8 B €0 B FmAes TR B, BIRRBES = BT DL N AR A HAT R 3 02 np™=1.5310,

422 RWERRERARE

TEFRMSEARAET . BR-F. BREE (8 DIERERT OKELERTERE)
FUea b 2244 250ml BT BUREHt , AKRIABTAHHY 0.14 mol 545 40ml %, 0.14 mol
FEEZA 0.01 mol BRERYE, 60CKWMEIMMA, HERLHAETIRERA 0.1 mol H LATFAHI%

(PEELE, WKL 30min, EEHREE 0CEY 20, RGN ERGY, FRAVEX
REUEME, KRB 100ml YK, FHERR, KER 60ml £45=RER, &HF
PUE, A 10% (RESED HBRRAGE. WA RRKEREEZETHE, TKRRN
T, BEERE, WE 164~165CHIES, BEABNFERMEE, T%H 81%. Hast

ik L R IR SRR I 4.1 B

F 4l BRRBALS RS EER
Tabled.1 The spectrum data of furfuryl furoate

_ o) 'HNMR
WaER AW RV e HNMR, 3 fppm
R ER a_ 3144, 3126. vC-H 5.28 (s,2H,CH):
,_j o 1720, vC=0 6.36 (q,1H H.):

¢=0 1603, 1580, 1570, 1502, 1474, 647 (m2H,Hb, Hd);

1397. vC=C 7.18 (d,1H.Hc);
<=d 1295, 1231, 1178, 1152, 1110, 7.42 (,1HH);
e 1076, 1015. vC-O-C 7.55 (d,1H,Ha).

F=W SGRER

43.1 HRAAHRRER
PR RIRIE 422, EMMNP RS RBERAME/RE A R, JEE
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FUE R &

AR, ERERWNE 42 Fin.
R42 FHPIBRA R R

Table42 The effect of the moler ratio of calcium oxide and sodium carbonate on the yields of furfuryl

furoate

=) 1 2 3 4 5 6
LRFS

SRR E R I: 10 1: 1 10: 1 14: 1 20: 1 30: 1
BRREICE / % 46.7 50.0 53.8 81.0 76.9 54.2
HALXL = (]

MR 42 WLLEH, KRWKAZNS, BRERACERE S8 5HRRHM
FEZREEA 14: 1B, BRREARROECRE R, AAEHSERLERS, RRBENKERT
TR RWREARAMAMKRARE, PUFMTREERNSER, AMER0T RN
VB Wik, HAEHRAASRRERBRIE/RIER 14: 1,

432 [ RER TR WCER 1 B

USRI 422, WRRNRE, BIRRERAIE, TREFNR 43 Fix.

R A3 S T b R R M 2 1 B
Tabled.3 The effect of reaction time on the yields of furfury] furcate

- - 3 4

LR ‘ ? :

B SR lal/h : 2 3 4 5
W /% 64.5 81.0 82.3 80.5 74.0

mE 4.3 ATLUEH, BEE RN RN, SRR R RERE, SRNE—E
WHilR, BERRERANEEUAEIR, EEAHTR. X gLE R RV RmMR,
BHM R R R R L, NTEPRET T, Fik, RATEFREMEY 2h.
433 RN RN

ERSCRHRIE 422, HERNER, ARREEAE, LRERNK 4.4 Fix:

K44 RMBEXWEZW
Tabled.4 The effect of reaction temperature on the yields of furfuryl furoate
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FNE EREENSW

SRR 1 2 3 4 5
KRR / C 40 50 60 70 80
Wk /% 62.5 70.8 81.0 754 54.8
0

m& 4.4 TLIFE, RERERR, BRERED, HRMERA 60CH, BRI
Pt R, RN RN, BB BRI T B, T B R I 6 B S R
XATRERF AR ERET, BEAOMELRERNR, Rk, RIEERNEREA 60
.

4.3.4 B RER A B /R LU W3R b S
LR BE 422, ARBREBIASBEAERLL, SRREFAE, SRERNER

4.5 Fias:
F 45 PEESE SRR AR AR B R B R
Tabled.5 The effect of the moler ratio of a-Furoyl chloride and furfuryl alcohol on the yields of furfuryl

furoate
SRR 1 2 3 4 5 6
BEIR 1: 1 1: 1.3 1: 14 1: 1.5 1: 2 1: 3
e [ % 68.1 76.9 81.0 81.0 80.5 77.2
(1]

% 45 AN, SRR HBORUR AN, BB R R, LS
SSMEBERIY 1 L4 b, BRMECER S, S ORREERNRRL, &
RERTERE, KEERTH. Bt RITESRNESEBHERLAY 1. 14,
435 FHHEX BRI EZH

LT ERE 4.22, SERBAARNER, HRBREAIE, LRERUWE 4.6 Fiy:

F4e6 BHHRHABESEERZR
Tabled.6 The effect of the dosage of solvent on the yields of furfuryl furoate
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FE  EREERER SR

SIS 1 2 3 4 5
FHIRE / ml 20 30 40 50 60
W /% 56.6 70.9 81.0 78.9 61.2
- 0

HE 4.6 TTLAEL, HEAEMRARENY, BREROEERRER, JXNHE
J 40ml &, HERMERERERLA, HREARNENHE, BRERIEERTTS MR,
XASEER, WARRKD, RMPARTS R, REERE BHERR REY
Rk EREE, RMAZE. Bk, RAEEERENHER 40ml,
4.3.6 1L hr gk BE X o2 R il

B LREE 4.2.2, WERBANREINER, HNEERAE, UK EARELE, L
BN A LIEE, SRWE 4.1 PrR:

I e |
10 r -\,_L_‘_H.
i \

&%

&0
S5

-
30

45 -

48

4.1 BRER SR INE R B R R R K
Figd.l The effect of speed of adding o-Furoyl chloride on the yields of furfuryl furoate

B 41 WLEY, SEREMEMAEN, BEREENEERK, SRBREE 30min
AR INTEEER, BEMENRE R, WINELRS, WEREERECEAEEN, 2
TR KRR AR AR, NIRRT, TORED SRR,
RMAARE, ERMERGTRAFARES R AN, FEURRRAERRE, EEH
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SEUUE  RRECREARE & AL

RIS, WP RERE SR T a0 RS R, Fit, RIGEE
BLFAE 30min ATINSEEE.

BUH g
AL FEHE N FHEASNRRAMEART, §HRRRE, Z LR MAELRN,
Bt R T HI SRR R ET 244 TARA (RLESHRRWERLN 14
D AT, A 40ml FEER, BBESBERERIA 1 14 1, 7 60°CKE F ik
|67 2h, BRI RIE 81%.
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FHE &R

PRE SR

1 OERERALHI RN RN AT T RARBIA. HRRAPKEABIERL
G R, HAKETR K ARESIER, B8, 72534 500°CTE1L 3h
5 EARH, HEtE. ANEHE TREBEAHSRRNRETZ440: SRER
B 9.6g, SEMNBSBRENERLN 1: 18, SHEERNEHR: REHEE 60T,
AKEACSR A 3g, BURIIREEN 40%, REZRTIA] 10min. fERNMFZFHEMA 2.5%FEH
PRV, RN R INREERT 40 % M EA PR, WINSEERL Smin, WD L 92%.
HUAFETEH=R, HELHEIKARL.

2 AEHT RESSEHEEIED: (HPLC) FNIERER. BMEFRENH AL,
KH Cpp ik, WEIHNAKE: K=50:50 (EBLL); WEA 1.0mL/min; KN
220nm; #HEA 25°C. 7F 4min WAL =FA ) TL5E . HE. B, SRR (SN
=3) 452 0101, 0.042, 0.406mg/L. FIRMFELSFIR 101.46%. 98.52%. 95.26
% . MXAREME (RSD) 4514 0.87%. 0.66%. 0.43%. E AL TEEEH &R
AR, RERN, MRRH.

3 HIRRAEMLSMRRNIEGEER, & THRRERE. SR HMAELT,
BUERAETHSRRERNRET 244 EANA (B SRBMELRLN 14
1 /BT, F 40ml EEEH, BBEESEBNERILA 1: 1.4 IH, 7E 60C/KET N
[El3 2h, HREREERARE RS 81%.
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