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Chemistry and Technology
of Epoxidation of Oils

ABSTRACT

The chemistry and technology of epoxidation of oils from silkworm pu-
pae oil rich in linolenic acids,soybean oil rich in linoleic acids and chemical
reagent grade triolein rich in oleic acids were systematically analyzed and ex-

perimentally studied. The main experimental results demonstrate:

1. On comparing the results obtained by two epoxidation techniques, it
was found that the in situ epoxidation was of simpler technological route,
lower material cost and higher operating safety than the preformed peracetic
acid solution epoxidation; Especially, in situ epoxidation with formic acid
not only had the advantages of in situ technique above mentioned, but also e-
liminated various problems caused by cation —exchange resin catalyst used;
The properties of epoxidized silkworm pupae oil (Iodine Value was about 3.
20, Oxirane Oxygen about 6. 40% )prepared by in situ epoxidation were ca-
pable of meeting the requirements of plasticizer for polyvinyl chloride
(PVC).

2. With the help of thin layer chromatography(TLC), gas —liquid chro-
matography (GLC) and GLC linked with mass spectrography (MS), etc.
analysis technologies, it was first observed that the epoxidation law of oils as
follows: At the initial stage, the epoxidation rate of unsaturated fatty acids
having high content was higher than one of those having low content; Dur-
ing the process of epoxidation, poly—unsaturated fatty acids was firstly con-
verted to monoepoxidezed fatty acids, secondly to diepoxides, and finally to
triepoxides ; During the course of epoxidation, oil rich in linolenic acids was
easiest to occur the cleavage of the oxirane ring, and oil rich in linoleic acids

was easier to do than that rich in oleic acids.

3. A study was made of kinetics and mechanism of the epoxidation of



oils with preformed peracetic acid solution and in situ—formed peracids (per-
acetic and performic acid). The in situ epoxidation experiment results firstly
indicated that the rate of oxidation of oils was independent of the concentra-
tion of unsaturated double bonds and depended on the rate of formation
peracid which in turn depended on the concentration of acetic acid or formic
acid , strength of acid catalyst and the oxygen source,hydrogen peroxide. In
the region of reaction control, the rate equation of in—situ epoxidation was
respectively found to be: With acetic acid, r = k [H,0,]*** [HOAc]"¥,
which k was related to the amount of cation —exchange resin used; With
“formic acid,r = k[H,0, |"*[HCOOH ]**.

4. The kinetics of oxirane ring cleavage in epoxidized silkworm pupae oil
and epoxidized soybean oil have been studied respectively using glacial acetic
acid and formic acid. It was shown that the reaction order with respect to the
oxirane concentration was 1, to acetic acid concentration was 1. 2, and to
formic acid was 2; The effects of the concentration of acetic acid, formic acid
and the temperature on the net yield of epoxides by peracetic acid solution e-
poxidation and in situ epoxidation were also studied on the basis of the
known kinetic parameters of the reaction system; According to the kinetics
of oxirane ring cleavage in epoxidized silkworm pupae oil and soybean oil
with respectively acetic acid and formic acid, a mechanism for the cleavage of
oxirane ring of oils with organic acids was proposed, which was used suc-

cessfully to describe the course of cleavage —reaction.

5. A laboratory process has been developed for the continuous cascade e-
poxidation. The stable state course mathmatic model was estabilished to de-
scribe the process. The experiment results appeared to support the calcula-
tion by the whole system model; The model was necessary for precise opera-
tion control, process estimation and operating parameters optimization and
regulation, and provided a theoretical foundation and research method for

the automatic control and engineering scale—up of the process.

Key Words; Oil, Silkworm Pupae Oil, Soybean Oil, Triolein, Epoxidation,

Cleavage —reaction, Continuous Cascade Epoxidation Process
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(0]

[-CH.-CHC1-CH,-----CHCI-]. — [-CH.-C(OH)CI-CH.-CHCIl-],
A PW
-H* -HC1 -HCl1

—— [-CH.-COCIl-CH.-CHCl-]., — [-CH.-CO-CH.-CHCl-]. —
[-CH.-CO-CH=CH-]n, — -----
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MHERIEANASYREFANREN (8] MRIEHAEALR 2 NHREEF, KIPLE K
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7l o
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- FEPVCHI MY MR —BOAR B [4].
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MHEmM KKERTE2BEEHBENGEAE [1,2,3,5].

Btz b, AR H an T rEfE [5]:
a. FoEH, AT AT & a0 8RR
bRESZHREYERE WRACH RE_E2H RPRMME EERKE R4
R OB-THRAER ATHRK MR AE=ZRFAEXE FREAHALTERS



F-F #i#

cHATHRHEAMBEZEILT FEAWMELAEFNAT _KHERNRNAEREN.

T REUREAUERAREUREAZE

HAEUEEEFREESANIERER AL EYH R [6,7]c HMN19094
Prilreschajew [6 ] H KFI A A EXFREANAEALSYLR. FZ P 5T A RHE4 X F
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— Uk, T HEFPFEBERA~VM4MKETFTHRINIAR, I HER, T H
AR IR TRSFENAEAARETHEAR MIAFRIBLORA T EBARIAEF
G HolEBREIFFREIAMEREIVNAEAANN EaTHMBER BRLORA -
SEERERYANFEAEAT. ANEHEX LA MENFEATEEITERR
THRAM—FIERULEIABPOGEEER, KARKXRBHIARKAE AR ER
FHE
1. REURETTZE
1) BERRUATE- SAMRAISTENRAURESRE R -
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H+
H.0, + CHsCOOH —— CHsCOOOH +H.O = —=—=- (1)
CHsCOOOH + R,CH=CHRz—— R,CH-CHR. + CH,COOH ----- (2)
N 7

0]
(2) KK EEEE 19554 ,Philips [O|RETUER (REK)ERELTFHRSELZ
MEAGRTKIHER ANATAMANLEYRNAE L. HAFEFRFE LR G)H (4).

Cos~o
3CHsCHO + 20 —— 2CH;COOH + CHs,COOOH ~  ----—- (3)
CHsCOOOH + R,CH=CHR—— RICH—?HRQ + CHsCOOH ----- (4)
N
(0]

2) —$REUFTZE. XMEMFFELE. Niederhauser[20]F1GallZ A [15,16]%
Swern TZHER E XY T X4 B 5 (In-Situ Epoxidation), Bl 33 & & &R 49 4 &
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H* (@ H*-RESIN)
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A
0o

EULAEUMEYERFTEP SEERBREN— P EHREAIALIARME
HEE AIBREAFHAREK ERK-MAEREREAZERF ALY, HILLER
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MR AHEEARNA A M EERR, VBRI EIRES YRS, LA 4
EMmA RESURAF - EWREEERE, ERNFHEERRNNTE RN EREEH
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19504 Bartlett[30,31]PA & Lynch,Pausaker[32,33] 58— E X T T EHEBRFEE
BENIENN (6). ZNBIAISEAREHERABAFTREUIRESIFEN (R 1).5
AN BREFRBEMAN EEERIEZAEY () MEEBRAELEY. AL
EREBEAF TERO T FHERE S FRISBBER EFHATHEAMREYERILE
EREEER RN EETR. A—FTAAEHANEBENEFEENENBRER(EE
ZR.y,R-HHEMEm) LSRRV EHEWNKRE

O, R,CH H
R-C. H + R.CH=CHR. —— [[: 07 9 J —
0-0 R.CH “O=CR
(1) (1)
RCOOH + R,CH-CHR, ----- (6)
N 7
0

2) KwartflHoffman /) 1,3-{E N K4 [35]

1966 4F Kwartfl Hof fman [35]# 1 T — M 5 REREZEAN 13- ERALSH (DA
REMBR TN 13- EBRAEVRNE L THEEBNIERTEMBYESBEH
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R-C H —— R-C ——= R-C* - (1)
0-0’ 0-0- 0-0-
(1)
0 0
N F At \
0 9 S °\
Lt o+ O — c-C ——> | O+ RCO.H ————- (8)
4 .
R OH R OH .

(1v)

19694 ,Andrej AzmanF A [36]R A FHERRATHR/FIA N :1,1- gyl 3
ERATEERE T RPOFACINE ML3-ERMAVNBUER TERENAFTFH
HEARL -

3) Dryuk MR F-EEX I ESU SR EZHE [37]

Bartlett 9 1,1- NI RN A EHR AR BRIV EANEESFEA AL FELXT BB,
ERFETLAMY FHEIEAFERZNE THHE L. 19764 Dryuk (37 # T THERH
ERXBRTHEZHITAPAEAAREIBENTR. GRXN-OEERBRFONAEBS,
SEMEEREN (V)AL EY SEREXFFAAEREBAN (EIRFOMR) PR
MERZERTHERAFIOER. BANV)IHER SEBR> FTHEHERER FEAR
NEZETR. B, —BRIABBEBRTHSHFRBEFERAMR (HA), ﬁ%ﬁ?ﬂl@%?ﬁ
“‘W(BfﬂHA)ﬁ%‘ﬁﬁﬂﬁE%%oﬂt*ch (V) o

H 8- 8% \\ 8- 8+
R-C-0-0---H---B R-C-0-0---H---B
(V) AH (V)

OHFRBRESTIREN —EEEN LEBREYESENLEY V), BHHEIEF -
BT -BEXAEY (EDAC), REE LS ES () & RIFF Yo A3 EAL RN PR &
SRMEZEDACEH FHEENILRE-

0 0 c-C
N o8- g+ s -y 8+
R-C-Q-0---H---B + C-C —- R-C-Q-0---H---B —-
AH AH
(V1) (Vi)

‘c=¢ 0 %

A A\

o
B---H-0-0-C-R —— |o
¢l
(Vi)
MIXMBEERAUT THREINAD LS H 1L, Dyruk 1 5 68 45 tb B 2 M i /g B 3
RN SR

SHEAUREIZMAR
HEAERE T ZRMERAURNINENTRAREARE FENRRMAERY,
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M AN R AR

E#N. E+ER, —BERXAEMKTZE;

1958 4F Chadmick F A [BIHERKRE TZEELEERAALRNETLTE;

19604F Latourrette F A [40]E LR EFRY T ELE I MA BRI T L . HEF
FRE: JEAEAUEELEHEN TANRANENREHRTORBE M 5AREZHEFLRA
MERMOBERARBRERANERIARR FENRERRBUESEHIR LAY
AFMELETHRAUNRE . RLE—MHRARKFARZLAET: —K@EHF R EIFE> &
BEMME.

1976 4F Henkel A F] [1MREF MR ELIRAAARE T ZRA RET 5
—HEAMERTE, AEAMMBENEXREFTRIA, SHRXEFENRELERPS
HEEPRIRMITETHAMRE. BTZHA T ENSE ERAHSHELTEF
M AR E & 5 5 R 4R !

1984 4F Henkel 0 7] [41]H R T —FH EM XX -FHRFEABER, FRiFET L5
HIZHRE:RA—SPHREAUAUTE ERAZEEBENF AU REETM-KHELTE
ZUZHMEESRHEZXSEHMT AMELFECREHEN. ZBLZEST, E
EHAFZMAEMTHER D RESEMNTRERENEASHELCIE REEEBRALGF
Fo

FEMALE FERAUEETZTURIEFHXFHAZR. ERSAKITE
M EEFEAURETIZRATFGRERE  FHEFEGT: HTEANMAFE 3
HFM A [43,44]c HIEBE BB B AN KR (44,451 F EEFREM H 25 H 2EH M,
AERREEMETHRIELT.

R R RV

HEANRAAREABESHNERABNKIZET. BRETLEX, FZFE X MENF
FAL R BB IT TR R, A0 1984 4F & R CF A [46 ] B9 ARHF M 3R FALBF 5751987 F R 56
(47169 35 EARAF MY W 89 & ARG 1990 F IR 6 IR (48], A R T2 FHZF A [49,501 (9 # i
HARETFERINMPIARES KR4 HFEMR N K EORAET FFit, BF
FURETZNIEZRNRE . WHIEXIFF A R UL fn ABF 5T, 76tk B b, % 58
FRAER TV HETEZHTRAEHTAREKRIRSF

= REENFTFRERE

HEBKYIE RAMERBEFEZT. AREAORS . BmMsNE—1T M
HOEK B, A EFAERATVEMEF BRAAE. EEFEBRTMAUTILA
F*E &
a. WM AEL00A £, AL LB FEFH 100 EF;
b X AR H;
c.RFEE T KEEKZWERTAEMIE.

1 0K RE Y S EAT O 3%, YRR AT N, SR L KRR M, O B B 4% 3 1M 18
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MBEME. REEMHALEERYFRE G4 AHNER. BELFERMAZE.M
EHEELOFEN, BIRRXKROB TG --BHF. —REF—MWELAFFH —HT
W(62]. EMAAFENEORFMENSYR HEEHSAEKL[53]. HFM+REH
FERiM &5 T0% A £ B FE 12044, K2, B "R EF "M ¥ T M [54]. AR MATH
WaL1me /F AHERAERA. BEFRFAM

FALEHGETERS (Wt %)

% #F K & FAEEG A8 A% B B ¥ £ & & & re
F 4 7.18 48.98 29.57 4.65 3.73 2.19 3.70
B R &8 5.49 72.82 0.47 6.92 5.55 3.27 5.48

A2 EEb e ER M AR (Wt %)

ﬂ‘é’MBﬁ C14:O CIG:O C:\B:O CIB:J 013:2 C18:8
4 B 0.5 18.0 4.0 18.2 10.0 49.3

RERE=+tFHKEEAMATHET L. "M EHW T WAL+, TH XL
REEBEES [52]c EI121FFI154FE ], HAERFTAEEREMA AT @M T
REMHR FEFARTHAE:ANERM, @FM, UH M, B F KK D& - E AF
Y WMERENENIR T _RF 54]. N\+TFRBEREFSFAGRARMLCERMB 5
NP RORE M, R R AR E A SR TRRABERMN [52].

HTREGNEEFRNE —THL - BERXRFERHFAREHRENFA [65~61]
o 1989FERFHAFAFABAE-RRE - KEZRFEAFNBRRAREENAKEOEM, A
EWAOFEANAFART —THOAH [61]. EFR, WL £ & &4 T/ 7 A & M &l
FFEAT/\BRTE AFRAZFBHMERN. MUEEMNENERETHFEESR
S 5k LR S, B U R AR W AR SM MR Mok B B 21N 4 K, I & 4 0 4 36 S
BAEARALE X

M.IEER

HWLHEEBHGRAONE NI AN HSMAREREYT X, BB &
HEBEMM EN - RBE TR UIT L APATREZHAWHBRAEFTE
MBEFREHRKNB —XKBH [2,62].

ARt A NP ECHRAN ST AR L BH 0% YA TRAZHEH,1980
~ 1990 i [a], it F BRI M I BRI 3~ 5% B9 F V348 K % 38 1%, T 1 K48 MBS &l %
MM PHR BTG — TR AR AN RER ST TE LSRRI YBFTEN 0% U L,
HTHAAERARZ S XENFE MERURABERENEN, RIF AW AR
TG A s R EE R KR N [38,39,63,64].



F-F &

REMXAMBEHBRN=ER/D AESHBRAAENT~8%, FHABERN N 2%, &
HAO(FEEUFEREMIE) FAAREHEAREE [48,62]. XREHMWRAZAE T
MFEARERAE T FHRAEAEITMELAE AMREAENNELR"ELAZETH,
HARBRRNAEARE"EERESFRRATER.

BERARAXBEEBOFAEET FEF N LFMO T F E o KB A9 E 6B PSR,
FURKRESREREAEIUVES UG LRAFRKF. HEHARFEEEUT JLH @A
W 3 -

a. FREGAEN, FEMBEE GO XA HEFB, &G

bMAAREAMEBRREEAARENE, M YA AEERN I RGN ER BE ™
A BT B 5 (A) A gk AT A

cHAEGAREEMNWESHAAURNE TS UK EFRARSRBEFRNER, —BKY
FRAAHRXLREREFETWIAR EEARYMERENAAETS .

I HRENMRAE:
KAMBPRZHFEWMR EMBAMERR, S THEAREHEREZIRREH
fEWi. AWM ATUESLHBMOEHEMN EFEMBROXIHTESHROMALFLE =

MBEMBENENETA BRI F ST ZFRAR MR IBPEHRE R

(¥ 2 A AL 7 2 A7 B B 23 A, X 3R BRSO R B AN T 3R R B A R BL B A AR 3T

UKRAERAMSRUAREEFRAURE I HZREBN

ERFRAFERBVREET2:

e FEERHOA N ZRAXWAEARNAR:- RALAERBAFEALEN —LIHH
HHEES R ARG, FREme N RENRRETFHATR, B EHXHRE R
Tk o

bIREHENRARNIFHAR - FIAAEZRAE AREKA SHAESOINTFR, 48,
& Ve, B IR E M S 0 BE 5 B B 3 2 A 3R E AL R S B o O 4 A BE o R AN 3 LA
i A ZE A AL o

cCHEBRERRENEBEMDNEFR - TRLSARBBRERNEN I AFMR A FH
BA R~ HEAEN RIS N E RAFER AR ETHE D NEFTRD
FHERAEH o

dHRERARRENEBENDNEZHARN:- U RERATREMA THRAMIFF RN
M NFE UETEmae RAAHEEFEENTEZRR.

e EEFBUREIZMNARN - BW/ILHESHRAARE T ZETW T4 RETE
KEERWMNZEPBRESH AT Z A REFREMERAMAF RN HFH TR
GREUESTIZHRFER LR HRHHATHRLER.



FE RERRAAAAARERMBRENTR

F_E RO EWBESRAEREEWMERNTR

—. 3l
ETVAEFEMSREWRT, FAMERFTERE, ERETEMRTELHANL
UAN S EBRAERN AR S A EA MR A S R AN F % [1,5,65,66]o
FEA¥RERWT:
R,CH=CHR. + RCOOOH —— R‘CE—/CHRz + RCOOH
0
MIEARABAINSEROKRTEAR, X938 —2 % (In-Situ Epoxidation),
HEBMMBREURT RS ARRE (8~16], E— Ry EETEFEREG, RES
%, REMAFHFERETW LESIN T ZWRMA, BRBES K, MEH —H TR
TRV R
HEMBERLTUWE =R, BTEHEAIENTHE, EAWAWEE, EHES
Wi FHBGH RN TR, R A o #CAT LA F A LR 4 R0 B 5 I 0 ¥ BROOT R 36
M Fe HIARENLSKRLEHRAREMEROTRBS AEFEFRAFAE:
(1) SHEEMRBBRFAMERAEMEARTR: Q) —SFAAERLEHERF:
(3) FEEFHMA L HEIFH:(4) I8 F MRS
. ERMBRAE
1L.XB#H
1) ZFEHM (SWO0):AV 12.32mgKOH/g M R AMIT S L L BB A FREGEZRES
MER. B BUKH RGAV 0.19mgKOH/g i f: AV 12.32mgKOH/g M7 LR E 25
HRMER R
2) WEER, BERRIF.85% PR, 244, EXNA¥RENT;
3) 30% i EAE, AL, TLHAERF; 50~60%d HAE K 0% S AMEEEZR
EEHLESBAKER
4) TR2AEFRENIE, EHAFRNAT;
FIAE AL 69 732 PR 7S T 35 45 BE 6 1 S5 47 Hi AL 28 (67,68], HABTF :
¥ B F RS R R TE 250ml e AR o, MBIk B 12hr., HA 30~40°C HBAR
W 8~5hr., fERASFESBEMK, FAMEZELEE M KTABENL;
ERHAETR 2SRRI, RERBETMA, EHERTRE, FRH<H;
FAR G RSB 4% M B WA LR AG, F# K 2~5ml/min.;
A2 BRI R0 RBRLSE— K
FA S ERRE R AR A 6% SAL B W TR SR, FE K 2~5ml/min., FEWAKR
—K;
Fe~THEMHA%HMBAIHNIE, HHEANEE, SEHN4~6mnl/min.;
BRI EET®R, SHREMREA/LN.
2. RBH%E:
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