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ABSTRACT

A characteristic feature of cruciferous oilseeds s a high level uf
sulfur compounds as sulfur containiag amine acids and gucosino-
lates whick Jdetermine the nutricional value of rapeseed mea: and
affect processing factors in oil mills. During rapesecd processing,
produces of Fueosinolare spliteing are liberated and attach meal
and, as a result, 3 specific sulfur corrosion of oil mil! equipment
Jevelops. The most exposed are cooker, toasier and transporters of
wet meal. The results of industrial investigation of sulfur corrosiun
are deseribed anad the sensitivity 1o carrasion of several vonstruction
steels Juring rapeseed processing is considered. A high content of
su fur-containing compaunds :n starting oi. significanty depressed
the nickel catalys: activity and influeaced the Knencs of rapeseed
oll hydrogenation. Removal of thewe compounds by reEning and i
infiurnce on tie rate of oil hydrogenarian arc discaswed,

INTRODUCTION

Processing cruciferous plant onlseeds, of which rapeseed is
the typical representanve, creates specific  difficuiues
provoked by the oveurrence of sulfur compounds in the
seeds, mamly glucosinolazes.

In this paper, we shall omit the prubiem of goitrogenic
effects of giucoside derivatives present in rapeseed mical
(RSM). which have already been thoroughly discussed by
us (1,2) and other authors (3), We shall now pay special
attention ro the wechnolugical aspect of sulfur compounds
as factors which make hydrogenation processes more ditfi-
culz and faver corrosion of processing equipment.

Sulfur compounds produced by hydrolysis of glucosine-
ates during processing of rapeseed are manly. isothio-
cyanates, thincyanaes and sulfaies (Scheme 1.
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The moiecuies of  2-hydroxy-3-buteny-1TC  eycliee
gpontanecusty and rapidly (3) giving rise 10 oxazolidine-2-
thione (QZT) (Scheme [1):
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As 4 result of decompusition ot these compounds,
c.g.. of isothiocyanates, hvdrogen sulfide and several other
suifides are formed, whieh are especially active catdlvst
poisons (Scheme 1D,
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Correosion of metals i a medium containing sulfur
oxides car lead o formanen of oxides, sulfide and oxy
sulfide compounds (Scheme 1V),
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These compounds are significant because production
devicrs tin wil mills processing rapesced corrode more in-
tensely than in ot mills thay process uther ollseeds, ¢.g., 50y -
beans, Even a simple analysis by acidifving the scale from
corroded cquipment with hydrochioric acid shows the
sulfuric ¢haracter of the corrosivn process (Scheme V),

Fe& « 2HCI - FeCl, + H; 8 [¥!

Corrusive changes of this ype are favored by higher
temperarure, presence of steam and air, and acidity of the
megiun, whick ranges trom pH 4.8 10 pH 6.8 in the proces
sing of RSM (Rutkowski, unpublished dara).

Through majour decomposition of sulfuric substances
present in rapeseed, sulfur can also occur in the atmosphere
in such acuve forms as {Scheme VI
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The corrasive acnion of hvdrogen sulfide is especially
impartant (Scheme VI,
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The corrusive power of iron suifide is favored by the
presence of oxygen, which rransforms sulfides into vxides
and releases molecular sulfur, which in turn reacts with
hydrogen o form additional hydrogen sulfide (Scheme
VI,

Feb+ O, — Fe1) » 5 [N 111

Hy drogen sulfide disselves in the send medium of humid
RSM 1o form a weakly Jdissociated sulunion (Scheme 1X)
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Hydrogen sulfide scicuon then reacts with ron, anal-
ogous to the electroly tic process (Scherme X):

Fe - % +FeSe 2¢ X!

Detals af the corrosive aciion of organie sulfur com
puuands present in RSM are unkaown, although, according
te Mrowee and Werber (4), activity of these compounds is
much swronger than is attribuzable re the total content of
sulfur in the medium, It can be presumed thas the corrusion
mechanism is analogous to the mechanism of hydrogen
sufide aetion,

The problem of poisoning of catalysts by sultur has
already been swudied by several authors (5.6) but sultur
corrasion of equipment during processing of rapesced was
not theroughly examined until now.

S-Compounds As Ni-Catalyst Poisons:
Exparimental Procedure

Rapeseed oll (RS0O) used in this study was obuined from a
conunuoeus process industoiws o0 mili in Warsaw, The RSO
(VY 102.1) used for hvdrogenartior was 4 refined bleached
and deodorized wil (FFA--0L15%, PV 0.5 meqg Oy/hkg,
P—0.6 mpg %, § 0.5 ppinl.

Sultur content was Jetermined according o Franzke
et al, (6).
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Aliyl isothiocyanire (alyFITC) from the West zerman
firm T. Schuchardt and 5-vinyloxazolidine-2-thione {(OZT)
of our own preparation were used for preparauon of oil
samples,

Hydrogenation was done in an open-type glass reactor
with free hydrogen flow. Allyl-ATC and OZT were added
to the hvdrogenation reaction in amounts converted to
sulfur in contenrs shown in Figure 1. Hydrogenation condi-
tons were: weight of oil sample = 50 g; catalyst (Ni-for-
mate) = 0.07% concentration; temperature = 180 = 5 C;
time = 60 min. hydrogen flow = 12 L H;/hr atmospheric
pressure (7},

RESULTS AND DISCUSSION

The majonty of sulfuric compounds (95%) in processed
rapesced produces remained in the RSM (8), Only a small
fraction of sulfuric compounds initially presentin rapeseed
(less than 0.1% S) pass into crude oil,

During the process of degumming, glucosinolztes can
decompose to hydrogen sulfide, which can form water-
soluble alkaline sulfides in subsequent refining. During the
refining process, alkali-seluble OZT is removed to a great
extent and allyl-ITC can decompose to C8; - CO; + R-
NH;, which can be easily removed during washing of oil
(6), As a resulr, a considerable fraction of the sulfunc
compounds s removed dunng the ol degumming and
refining processes and the rest is removed in the form of
volaule compounds during the ol deodorizing process
(Table ).

Simdar reduction of sulfur content in rapesced oil
prioxcessing has been found by Franzke et al. (6,9). Small
quanzitivs of sulfur, which remans in refined oii (4-22
ppm), however, can appreciably affect the poisoning of
cataiysts, decrease the number of usable catalyst alterna-
tives, slow the rate of hydrogenation and increase consump-
uon of catalysts,

QOur cariicr inveshigations (7,10) showed thar, irrespec-
uve of the form in which sulfur oceurs (aliyi-1TC or OZT),
It content, even n very low concentrations (less dhan
12 ppm), gready reduces the Ni-catalyst's activity (ex
pressed as the iodine value and melting point of far, Fig. 1).

When refined cils are used for hydrogenation, complete
removal of sulfur compounds is especially important. This
was confirmed by hydrogenation of rapeseed oil which was
repeateddly refined two and three times (Table ).

Increased growing of rapeseed varicties with low glucos:-
nolate contents offers the possibility of reducing the
difficuity in hydrogenation of rapeseed oil,

Corrosion: Experimental Procedure

Rapeseed used in industria tests contained 44.1% ol
Processed meal contained 10.2 mp OZT and 5.3 my allyi-
ITC a3 aglucones per g,

The investigations were done in two oil mills (ea. 200
tons/day vapacity). {a) oil mill A (hasker-type exrracrar):
(%) ol mili B (conveyer-ty pe extracior).

Taking into consideranon  techmical  possibiities  of
equipment and staff obhservanons, nvesugation locations
werc sclected, The specification of these locations is pre
sented in Table 1L

A few xinds of construction steel were used for investi-
gation (Table IV). The test specimens were prepared as
standard plates (2 x 20 x 60 mm) w:th 6-mm hole diam
ewr (Fig. 2) for hanging them on a special hanger. Befure
use, the test plates were cleaned with a woul cioth saturated
with methano, or ether; then the plates were werghed
(00001 g) and measured (U.1 mm). The corroded Jayer was
removed by the use 5% HC solution containing U.5% of
urotrupin,
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Corrosion measurements were conducted by determina-
tion of weight losses of test plates after the corrosion
experiment. The results were expressed as: average corro-
sion velocity Vo and Vi and average loss of weight of test
plate (comrosion rate) Ge:

V=CI‘G: g
M m? 24 h
VP=_3§E_,'VC mm
S 1000« d year
GC=G’G;G1=100 [%1,

where G; = weight of sample before corrosion test, g: G, =
weight of sample after corrosion _test, g5 A = active area of
sample before corrosion test, m®; t = period of corrosion
test, day (24 hr); and d = density of steel, g/em?®.
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FIG. 1. Sulfur content {allyldTC and QZT) and reduction rate¢ of
Ni-catalyst activity by hydrogenation of oil,

TABLE ]

Sulfur Content in Processed RSO

(ppm}
RS0—crude 36
RSO —degummed 20
RSO—refined 12
RS0Q—bleached i0
RS50—degdorized 1
TABLE II
Sulfur Content and Hydrogenation Rate
of Repeatedly Refined RSO
S-content Hy dregenation
(ppm} rate (1V¥
RSO poorly refined 19 83,2
RS0 twice-refined 6 79.1
RSO triplc_-rcfined ’ 1 72.4

21V reached under conditions given in Fig 1.
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TABLE III

Characterization of Investigation Locations

Investigation of location Oil mill A

Oil mill B Location of sample

Cooker

Crusher of expeller cake A2

Extractor ) A4
Toaster Al
A6
A7

B1 Pipe carrying away vapors
from cooker
Elevator of cake to
crusher
B3 Conveyor of crushed
cake
B4 Chute scunle of
extractor
Pipe carrying away
vapors from toaster
Bo . Conveyor of freshly
toasted RSM
B7 Pipe carrying away
vapors from conveyor
of toasted RSM

TABLE IV

Nominal Composition of Metals Used in Corrosion Tests

Type of Polish stecl

1H18NgT OH17T
Ni-, Cr- Cr- © 10H Low 5t38
Stainless Stainfcss Carbon Carbon St38x
LCorresp. AISI : 36 430 - - -
Composition (maximum %) .
Wi ’ 11,0 0.6 4.3 0.3 0.3
Cr 18.0 18.0 1.0 0.3 0.3
Ma 2.0 0.8 Q.55 0.65 0.6
C 12 .08 a.13 0,22 0.22
T - 0.8 0,85 — - —
.8 0.6 0.3 0.07

5i 1.2

FIG. 2. Nest plawes after 4 monthe of corrosion experimenc under
tousting process, A = JHIBENYT, B = Sr3sSv sreel.

RESULTS AND DISCUSSION

Thu rare 0f corrusion varies :n consecutive stages of produc-
non. It s especially streng ar the conaing, extraction and
toasting stapes {Fig, 3).

The results {rony tie tisst investigation locasion (Tabie
Voo popo carnving away vapars [rom the cocker -shuwed
strong corrosive denviy of vapos set free L conking ot

crushed seeds, This results Largely Srom liberation of Tree
valarde sulfur compounds due to enzymatic hydrolysis of
giucosinuiates during the innial stage {up to 60 () of kear-
ing to 85 90 C.

The samples that kad been hung i comvevers of press
cake (Toble D) weee characterized v smal! corrosion
changes. The weghr lusses of carbun stecd piaes were only
0.4-2% during the 90 days of the experintent.

In the exiractor (Table V), the vcorrosion was more
acive as e west puates were placed closer tn the chure,
where the ammospheric oxvgen conwen: is higher. This
explains the reatvely lower corrosion effect in the other
parts of extracior,

Especially strong corrosion effects were found in the
toaster (Table V). Ac this stage of the production process,
mary su.fur compounds in the form: of 1TC and its deconr
pusition products are liberated, Additional factors favoring
corrusior In this equipmen: inciude bumidity and presence
of atmosphene oaygen. The grearest corrosive actvity in
the toaster was found at conveyors of freshly toasted RSM
and the viapoer colleciur Investigations of test plate surfaces
have alsa shown arteservstalline and pitung cotresion,
which s une of the 1ost dangerous forms wnd causes quick
and complete destruction of construction elemen:s.

Comparisons of susceptibiliny: o dfferent kinds of
coanstrucon steels e corrosion in the waster (Table V,
Fig. 2). Awnve shown, without doubt, that the comazon steel
(1uH, $135) is unsuitable ¥or construction of mpesced
processing equipment, exhacst pipmg in cookers, some
parts of extructers and  toasters. Chromiumenicae.  or
chiromum sweels should be used in these arzas. Chromiuin
sicel has shown gererally good resistance against corrosion,
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FIG, 3. General flow chart of rapeseed processing. Marked corrosion activity of rapeseed

meal: - - - - lack; --«-« small;

rmoaderate

strong, 1 = seeds silo, 2 = rolls, 3 = stack

cooker, 4 = expeller, 5 = rolls, 6 = exwactor, 7 = toaster-desolventizer, 8 = meal silo,

TABLE V

Comparison of Different Kinds of Steel on Corrosion Resistance

during Industrial Processing of Rapeseed

Location Duration Corrosion rate, Duratien Corrosion rate,
Steel of plated {days) G (%) (daws) G (%)
Cooker
10t Bl 134 23 .4
5138 B1 134 43.0
St38x : Bl 134 32.2
Extractor
10H A4 149 11.2 238 14.9
. St38x A4 149 14.1 238 24.9
Toaster
OH17Tb Ab 60 0 130 0.5
o1 AS 60 10.1 149 22.9
Ad 60 26.5 130 42.5
B6 60 28.1 . 123 48.0
B7 — — 134 48,1
5138 Ba &0 42.6 123 64.1
B? - — 134 68.8
St38x A3 60 184 149 47.5
Al 60 49.5 130 64.7
Bo6 60 52,6 123 33.9
B7 — — 134 66.9

A ccording to Table [1L

bihe other specimens of 1H18NYT and (HL71 did not show any corrosion changus at any investigation sites

during the experiment.

TAEBLE VI

Corrosion Velocity of Carbon Steels during
Rapeseed Meal Toasting Process

Corrosion velocity

Ve Vp

Location of Duration g mim

Steel plarcd (days? m?* 24 hr year
A5 60 17.0 .85

- 149 13.5 0.76

. 238 12.5 0.63

I0H B& .60 32.7 1.63
123 274 - 1.37

5T3S Bé 60 4940 245
123 - 36.6 1.83

AS 60 20.1 1.00

149 211 1.05

ST35x Be a0 584 2.92
. 123 311 1.36

1According to Table 111,
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but sometimes, still showed initial stages of pitting corro-
sion on the edges of test plates during the experiments.

The rate of metal corrosion changes with the passage of
time (Fable VI). In-its first period, corrosion changes are
rapid but with time, z layer of scale is formed on plate
surfaces which reduces contact between the metal and the
corrosive medium. The rate and character of the corrosion
ratc curve changes from parabolic to linear. Also, the scale
causes considerable retardation of corresive changes cccur-
ring in the processing of RSM, _

The results of our investigations confirm the necd for
setting improved specifications for materials used to con-’
struct equipment for oil mills processing rapeseed. How-
ever, considering the different corrosive rates in individual
rapeseed processing stages, matcrials can be selectively
chosen so that equipment in less corrosive stages of rape-
seed processing could be constructed from less resistant 2nd
less expensive types of steel.
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& The Effect of Rapeseed Oil Added
to Control Grain Dust on the Quality of Wheat'

FU-HUNG HSIEH? J.K. DAUN and K.H. TIPPLES, Canadian Grain Commission,
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ABSTRACT

The ctfect ot spray:ng edible rapeieed ad on cortrolling Just in
variev, oat, ive and wheat bag been investigated. Bath the anoune
of rapesced ou depusited and inital dust level govern the Just
redquction level whereas the type of graian is immaserial. Regandless
of the ieitia; duse concenzrarion, abour ¥0% Just could be reduced
with only 0.05% rapeseed ol addition. When the initial dust level
exceeded 730 mpim?, duse reduction could reach S04, Although
same duse adhered o the whear hernels after rapeseed ol applica
tion, except Tur <ighe Jdeteriorations in flour ash and color, other
Four analydcal properties, phyvsival dough praperses, and milling
and baking qualities were unaffecied

INTRODUCTION

andling or processing gram credtes dust. Aside from
caus.ay respiratory discomfory, dus: pardicles of less than
5 gmoan size are aiso considered a potential health hazard
(13 In addition, grain dust explosions whick have occurred
in botiv grain clevators 2nd Mour mills are perhaps the most
serious dust probiem n die gran adusiy (2.3).

Controliing grain dus: s very difficuct because the dust
becomes airhomme whenever grain is moved vr transferred,
Furthermure, gra:n handling operarions such as loading and
anloading ar & grain clevasior are not usually confined 1o 4
small space. Effective grair dust control thus becomes
extremely costly. Capital costs to nstadl gran dust enilce
ton equipment have been estimated at between $250,000
and $1,600,000, depending on the size of the ygrain cle
vator, The annua operating costs ure an additional one-fifth
ot the capiial iavestment (1), Even after the grain Just is
successtully colected (0.05-1.0% of the weight of the
grain handicd), unless it can find an cnd wse such is becom
ing 2 feed or feed ingredient on the spu, it can ¢reate 2
souid waste disprsal problem (9. There is an urgent need
ter new ard :mproved dust contral methods applicable o
e graimindustry.

Sceveral methods have been used to control grain dust,
Applving 4 cortinuous water nist via 4 series of Fog nozzles
in dusty areas has been saggested (510 Spraying extremely
low levels of a hydrocarbon-base o6 and soybean wil o

'Paper no. 477 i the Canadian Grain Commission. Grain
Rescarch  Lahoratory, Winnipeg, Marizoba, Canada, RM 1G9,

TPresunt address The Quarer Qats Company 617 W. Main St
Rarringran, 1L 60016,

wheat, corn and soybrans has resulted in surprisingly large
reduciion in grar dust levels (6,7). The aim of this study
wis to invesiigaie the effecuveness of grain dust control by
spraying the gruin with an edibie rapesced oil and 1o study
the effect of applving rapeseed ol on midling and baking
quaiities ot Canadian Wesrern red spring (CWRS) wheat.

MATERIALS AND METHODS

A grain dust measurement device was built according o
Cocke et al, (6). A needle valve controlied the iTow of air
to exactly 1.5 L/min (measured by a Fisher Laboratory
Flow Meter). Both the needle valve and the flow meter
were installed between the ovlinder containing the dirty
grain and a vacuum pump. The vacuum pump was further
conaected 1o a Laboratory timer to control the dus:
sampling tme. Grain sample size, sampling ume and the
provedure of measuring dust devels were the same as des
cribed by Cocke et al. (0) except that the dust collecior
contained 4 47 mm, 5 gm Milipore membrane tiiter
Rapeseed il was added o the samples by spraying direcily
into rthe ratating cyhinder using & nitrogen-powdered
aterzer,

Four dirty grains (barley, oars, rye and wheao were used
to study the eftecuveness of grain dust control with rape
seed ou, The sampies were obtained from rail car shipments
and  were subdivided and parridly cleaned 1o provide
stbsampies with different dust levels. The rapeseed oil was
slighty hydrogenated and was supplied by Canada Packen
Limited Research Centre, Tuorunto, The fatty 2cid composi
unr of the rapesced oi was as follows- 160, 5%: 18:0,
3%, 181, 7944 1H:2, B.9%, 18.3, 0%. 20.0, 0.6%,
2001, 1,7%: 220, 0.3%; 22.1, U.7%. For milling and bakimyg
studies, the wheat used was a composie samplc of No. 1
CWRS wype from the 1978 crop. The ash and pruoiein
(N x 5.7) contents were 151 and 13.4%, respectively
(13.5% muosture bas:s), The wheat was mixed with 10% of
4 dust and chaff mixzure obrained from the sereen room of
alocai fiour mill, to make Jdirty wheat.

Eight wheat samples were treated with vanous levels of
ripeseed o1l wirh or without 10% dust and chaft {Tablc 1,
After ceaming with a2 Carter Dickage Tester, they were
remipered 1o 16.5% muoisture tr 18 brand then milied in ke
mad:fied Allis-Chalmers Laboratory mill (8), The amount
of whoar milled wus 3 kg based on 14% moiszure to the first
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