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ABSTRACT 

Co nc ret e dou b le-wall b i n s were d es i gne d and cons t r ucted to study 

the herme tic storage o f grain. These b in s have a s andwich of b i t umi n 

and PVC sh e e ti ng b e t we e n t h e wal ls a nd have t wo openi ng s f i tted with 

rubb e r gas kets f o r fillin g a nd dischar ge of the gra i n . Wh e n construc 

t i o n wa s co mp l e ted, the bins we re te sted for le aks by purg i ng them 

with c a r bon dioxi de ( C0 ), He a vy i ni tial losse s of t his gas we r e 
2 

obs e r ved and at t e mpt s were made to f ur the r se a l t h e bi n s . The final 

a pp r oac h was t o re seal t he cra c ks in the b ins and t h e n to paint t h e 

insi de wi t h t wo coats of CIBA- GEI GY LTD . ' s Ara l d i te epoxy r esin . A 

layer o f g l ass woo l c lo th was placed between these two coa t s o f epoxy . 

The open ing cove rs were also c au lked with a 1 : 1 mi x ture of Ar ald1te 

and z i nc oxide afte r they were secu r ed in place. These rna i fications 

s to pped t h e h i gh CO losses and r esu l ted i n the bins being a t i sfac 
2 

to ry fo r he r met i C storage . 

I NTRODUC-TION 

The ma jority o f g r a i n i s c u r r ent l y sto r ed i n Egypt i n open ai r 

sho unas wh i ch sub j ec ts it to at t ack by various b "o l og i a factors. 

Ra i n f al l and infiltrat i o n o f soi l water al s o can damage the grain . 

Tot a l annUa l l osses i n storage can amount to 24 mi ll i on Egyptian 

pounds. 
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Tremendou s damage and r esu l t ant losses also occur whe n j ute bags 

u se d f o~ grain storage are exposed for a l ong t ime to t he sun, e spe 

cially during the s umme r . Rodent s and bi rds al s o severely d amage the 

jute bags. A lot of grain is scatte r'ed in situ and dur ing transporta

tion due to these damage d bags. 

Duri ng storage grai n h as to be treated wi th pro tectan t s to keep 

the infes t at i on away for short periods. When the in s ec t i n fe s t a tion 

starts, fumigation of infe sted stock s is essential. Th e chem i c a l and 

mechanical me ans f o r r odent control is also ess ent i al whene ver popu 

lati o ns become appare nt . The use of chemic al s for gra in int e nde d for 

human and animal consump tion i s not de sirable for t he p ro tecti o n of 

such mater ials. Despite the fac t that all c hemi c al s are used ~ i t hin 

tclerances, treated grains are g e neral ly conSidered c ontaminated and 

toxic effects may occ u~ at a la :er time. 

He rmet ic sto rage h as s eve ral advantages when c o mp a r e d with other 

sys tems o f storage . Th e most impor t ant advantages i s i ts e f fi c iency 

in pes t con trol withou t t he use of to xic c hemicals . A jo in t proj e c t 

betwee n the U.S. Departme n t of Ag r iculture, SEA , AR, Savannah , Geor 

gia, U.S.A, a nd Cairo, Egypt was finance d under PL 480 in 19 75 to 

study t h e hermetic storage of grain u nder Egypt ian cond itions . This 

pro j e c t was aimed at : 

1. 	Protect ion of s tored grain with t he l e a st po s sibl e use of t ox i c 

chemicals. 

2. 	 Avoidanc e of rode nt and bird at tack . 

3. 	Sav i ng the ma jority o f j ute bags. 

The e xp e rimen t al bins we re cons ruc te d according to spec ifications 

and were tested for gas - t ightness by purg i ng t h e m with CO . A consi d
2 

erabl e a mount of this CO esc aped i n a ve ry sho r t time . Therefore ,
2 

t h is paper descr i bed the de t ection of the l eaks and the modificat i o ns 

mad e to try t o 0 ercome l eaks. 

SPEC IF ICATI ON OF THE EX PERIMENTAL BI NS 

The experimental bins were constructed according t o the fol l ow i ng 

specific a tions : 

dC' 
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1. Cylindrical in shape, with a t o p con e about 1 / 2 meter h igh f r o m 

the top end to the c yli nder . 

2. Double walls, the inner of c o ncrete and the o uter of bric k s. 

3. A thick layer of po lyvi ny l chloride sheets we re fi xed o n the outer 

surfac e of the i nne r wal l wi t h bi tumin ( s andwi c h). 

4. Inner walls were smoothed by a concre t e-mortar mi x . 

5. All apertur2 co ve rs were streng thened t o preven t twi s ting du e to 

weather conditions. 

6 . Stron g and flexible rubb er gasket s we re fi xe d f i rmly around the 

apertures. 

These specifica ti o ns a re shown in figures 1 to 5. 

TESTS CON DUCTED TO EVALUATE THE HE RMET IC SEALING OF BINS 

Af te r t he bins had been acc e pte d from t h e contrac to r , several 

trial s were c o n duc te d to i n s ure that the bin s could b e herm e t i c al l y 

sealed and fit fo r the purpose of t his st udy . The experi men tal bins 

were fi ll e d wit h wheat . They were purged with CO throug h the lowe r
2 

samp l ing aperture by using copper tub ing c o nnecte d to a CO cylinder .
2 

All other apertures were t igh tly cl o se d exc ept the r elase v al ve at 

the top. Each exp er imen t al bin was pu rged wi th a ce rtain amount of 

CO by weight, and both a p2~ings were then closed. Af te r eac h t est,
2 

t he whea t was dis charge d fr 0 m the bin a n d bins were re f i ll e d wi th 

wheat before the next te s t . S amp l es of ai r ins ide the b i n s were drawn 

for CO co ncen trat ion me a s urement fro m two po i nt s, i .e . from near the
2 

b ot tom of t h e bin a n d from near the up per s u rface of wheat , th r ough 

sampl ing tubes especiall y fixed fo r th i s p urpose . Tr i al s we r e con

d uc t e d as f o ll ows : 

Trial nO 1 

Bin numbe r s 3 , 4 and 5 which had PVC liners and bi n numbel' 1 (con

tro l, no PVC li ner) we re used for t he f irs t trial and were completely 

fill ed with wheat. Af t e r purg i n g with abou t 5 kgs of CO , b oth open
2 

ings we r e t igh tly c l osed and the CO concent ra t i ons we r e e stimated
2 

af ter differe nt i n tervals . The r e s u lts a re i l lus trate d in Table 1. 

Da t a i n thi s tab le cl early indicate t hat the CO escaped f r om t hese
2 
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NO.OF BIN TYPE LOCATION %AGE OF CO2 - HOURS 
OF OF AFTER TREATMENT 
CONSTRUCTION SAMPLE 
- - -..-;;- .. '--:. - -"'- . -. ~ .. ~~~ ..... Q__ ..l ~ _... . _~- __...-.: ~......_~ __ 5_ 

Wi thout Up 25 6 It 4 0.2 

PVC Down 25 20 15 10 1.6 

Shee ting Mean 25 13 9.5 7 0.9 

3 Up 4 3 0.4 0.4 0.4 0.0 

\oJ i th Down 73 40 20 14 10 0. 2 

PVC 

Sheet ing Mean 38.5 21.5 102 7.2 5.2' O. 1 

Wi th Up 24 6.0 4.0 1.8 1. 6 0.4 

PVC Down 78 61D 42.0 32..0 26 0.8 
Sheeti_ng Mean 51 33.5 23 16.913,80.6 

5 Wi. th Up 52 20.6 16,4 10 8 1.4 

PVC Down 88 83 68 54 43 0.4 

Sheet ing Mean 70 51 R 42. 2 32 25 . 5 0.9 

bins as wel l as f r om t he control bin , probably th ro ugh the inner 

conc rete wa l l s and then to the ou ts i de atmosphere f r om any we ak poin t 

wh i ch was not seal e d or from the gaskets of t he u pper and l owe r 

ape rtures . 

Bi ns hav ing PVC line rs had high e r ini ti al concentrations in these 

t es s than d id Bin nO 1 ( contro l , no l i n e r ) but al l b ins had about 

the same mean CO c o nce n t ration afte r 5 hours . These re s u l ts caus ed 
2 

us to fu r ther st udy t he const r uc tion of the bins. 
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Trial nO 2 

We were a dv i se d by civil enginee rs and chem is ts wo ki ng i n the 

field of the c on s t ruc ti o~ of stores for inflammab le ma ter i a l s t hat 

the inner surface of the b i ns shou l d be painted with araldite ep oxy 

re sin paint (a CIBA-GEIGY product) to get better ma i nte nanc e of the 

c onc e n t ra tion s . 

We chose bin n° 4 for these te s ts . Thi s b i n was e mpt i ed of wheat 

and the inside surface s of t h e walls a nd f l oo r w~re painted twi ce 

using "Topcoat 020 " pa in t. This paint is made up of two c omp ounds, 

i . e . : 


Topcoat 0 20 re s in (whi te i n co lo r) 


Topcoat 020 hardene r ( green in color ). 


The mixing rati o is 100 parts of resin and 60 par ts of h a r dene r by 


weight. 


After pain t ing, the b in wa s a g a i n fi ll e wi th whea t and the di ffe 

rent ape rtures were ti gh tly closed with a mi xtu re of Ch inese zinc, 

fine sand and ceme nt . CO was then purged in, and conce nt rati ons we re
2 

found to be as s hown in Tab le 2. It is clear from this table that 

t~e~e was sti l l a large (44 . 8%) l oss of the CO c oncentra ti on . within
2 

the firs t 20 hours. Th:s los s could main ly be a t tribui t e d t o s orp tion 

of CO by wheat grains or to l e akage or movement of the gas i n the
2 

in~ergranular spaces. The los s occurr ing du ring the f ollowing 6 days 

was also high indicating t hat the ara ldi te coating was no effective . 

The pe rce ntage of l oss of CO per d ay du ring t h is per i od was about
2 

13.9%. 

These pro bl e ms l ed us to additional studies to make the bins 

t igh t e r, 

Trial n " 3 

A civi l engi nee r c o nducte d a c lose i nspecti o n o f the in t ernal wal l s 

of the bins . He d e tec t ed many ve ry fin e d eep c rac ks i n t he walls of 

the b i n s and co nc luded that in th e concrete the s a nd part ic le si z e 

was too large a nd the perc en t a ge o f sand was t oo h i gh . He then sug 

ge s ted t hat a part ial r e mova l o f the i nne r concrete s u rface s of the 

bin s was e s s ent i al. Th i s s te p s hou ld be f ol l owed by filling in the 
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TABLE NO.2 CO 2 CONCENTRATIONS (V/V) I~ BIN NUMBER 

4 AFTER BE IN G PAINTED WITH ARALDITE 


TIME AFTER CO 2 CONCENTRATION ~ % LOSS IN CO 2 
CO CONC.?; DAY2 
PURGING UP DOWN MEAN 

I hr. 68 88 78 

2 hrs. 68 80 74 

3 hrs. 54 70 62 

20 hrs. 32 54 43 44.R ) 
) 

7 days 68 7.5 7. I ) 13.' 

cracks with mo rtar, the n applying a ne w layer o f c onc rete . The sug

ges t ed last step s were ( 1) pain t the inner surfaces of the walls with 

araldite epo xy res in , (2 ) app ly a layer of glass wool fi xed wi th 

araldite and (3) rep a in t the walls again wi th a r a ldite. Tes ts were 

first co nducte d on bin nO 4 after r emoval o f t h e old pa in t coat and 

fo l l ow ng the steps out lined above. 

Table 3 presents re sults of CO concen t r a t i o n ana l y s is i n bin
2 

nO 4 a f te r t h e modifi c a tions, re f i ll ing wi t h g rain, and r e pu rg i ng 

with CO . These d a ta ind icate that the b i n was hoI ing CO bet t er
2 2 

than befo r e the ch ange s . The lo ss in CO conc ent rat ion d u r i ng the
2 

first day was a bou t 18.4% an d the gradual decrease in CO concen 
2 

tration d u r i n g he followi ng 6 days was a bout 2. 35% pe r day . These 

f igu res corre s pond to losse s o f abou t 44 . 8% a nd 13.9% be f o r e mak ing 

t he se modific a t i ons ( Table 2 . Ho wever , losses we r e st ill high and 

further s t e ps were n eeded t o make t he b i ns mo re gas-ti ght. 
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TABLE NO.3 

-- -

CO 2 CONCENTRATIONS IN 

----

BIN NO.4 

AFTER IT WAS REPAIRED AND PAINTED 

--------------------------  ----

TIME OF 

SAMPLING 

AFTER 

PURGING 

WtTH CO 2 
-------

% CO 2 

DOWN UP MEAN 
-----------------

LOSS IN CO 2 

CONC ./DAY 

-----------

hr. 54 12 33 

3 h rs. 52 16 34 

5 hrs. 48 20 34 

7 hrs . 44 . 4 23.6 34 

22 hrs. 33.2 25.4 29.3 

25 hrs. 29 24.8 26.9 r8 .48 

6 days 25.3 21 ._6 23.4 

7 days 

I 1 da ys 

23.6 

22 

22 .6 

20.6 

23. I 

21.3 

) 

) 

) 4.35' 
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Trial n° 4 

Several other bine were repaired in the manner described for b in 

nO 4. Every possib l e po int which might be responsible for CO e s c ape
2 

was caulked with a paste compo sed of Ch inese zinc powd e r (use d in wal l 

pain t ing ) mixed wit h araldite HY and a r ald i t e i mp r egnation DY a t t h e 

rate of one part of e ac h of bo th araldites (H a nd G) . Th i s mixtu re 

was then add e d to the zinc powder in small amoun ts un t i l it reached 

the pas t e s t age . This paste was pl astered all around the u pper and 

lower opening covers and whereve r other CO leaks we r e dete c ted . Thes e 
2 

other leaks we re found by u sing the soap bubb l ing me t hod for gas leak 

dete c tion. This pas t e has to cure for 48 hours befo re it ge t s h a rd 

and e ffect ive . After condu c ti ng t hi s s tep , t he whea t -filled bi n s were 

purg e d with CO and the r e sul t an t c o ncent rat i o ns are s h own i ~ 
2 

Tabl e 4. I t is c lear from this da ta tha t a s ign i fi c ant d r op i n CO
2 

concent rat ion oc curred duri ng the ti me e l a pse d between the first two 

determinat ions in al l bins. This t ime was as s ho rt as a f ew hou r s in 

bin 3 and 4, which may indic a t e t hat t h e high initial d rop i n CO
2 

concen t rations was due t o the so rption of t he gas by the wheat 

ke rnels. 

The concentration o f CO af t er t he second d et erm in a tion r e maine d 
2 

near l y constant or decreased ve r y steadily and sligh t ly as shown in 

Tab le 5. Data in t hi s tab l e i nd ic a t e t hat t h e percen tage of dec r ease 

ranged be twee n ° a nd 0 .4% pe r day. This e c r ease i s c onside r ed to be 

an acceptable leve l a d e crease for he r met i c s t o r age a nd thus the s e 

bins u nder these con d itions meet the r equi r e ments of t he f ie l d trials . 

After t he b i n s became f i t for field t rials , b i ns 3, 4 and 5 we r e left 

f o r l on ger pe riod s o f s t o r age a nd CO concent r at i on was dete r mined
2 

at mon th ly i n te r vals as presented i n ~able 6. This tab l e shows t h at 

the re wa s a CO loss i n t he t h r ee p u r ge d b ins. The rate o f CO dep l e 
2 2 

t i o n was 0.47% 0. 3 5% a nd 0. 17% pe r day du r ing the diffe rent pe r iods 

of s to rage which were 4, 6 and 12 mon t h s , r espectively . The CO loss
2 

i n the 3 b ins i s mainly a t tributed t o two ma i n facto rs , i.e. CO 2 
absorpt ion by whea t ke r nels or to leaks . I n this c ase the depleti on 

due to absorption may be most prominent, otherwi se CO would have
2 

esc a ped gradu &11y . 
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TABLE NO. 4 AVERAGE PERCENT COZ CONCENTRATION (V/V) I N THE 

INTERGRANULAR SPACES IN THE BINS AFTER DIFFERENT PERIODS 

OF PURGING (AVERAGE OF T\o/O LOCATIONS, I.E., NEAR THE TOP 

~~Q_~~~~_I~~_~QIIQ~~ __ _____________________________ ____ _ 

T. E. BIN 3 T. E. BIN 4 T. E. BIN 5 T. E. B I N6 T. E. BI N 7 T. E. BI N 8 

I h 67.6 I h 79.9 I h 53. I I h 75.4 I h 69.6 I h 69.4

Zh 57.Z 5h 70.3 Zd 50 5d 64.3 2d 59.4 7d 4~ 

3d 53.4 6d 70.4 3d 43.5 6d 64.4 3d 59.2 3d 4~.4 

7d 57.5 3d 69.4 7d 49. I 3d 64.2 7d 59.4 .1 Od 50.6 

I3d 56.3 12d 69.5 3d 49.2 12d 62.0 3d 60.3 14d 49:8 

13d 66.3 13d 62.6 15d 50.2 

------------------------.~----------~--~------~-------~-. -~----------~-~~ 

T.E. equals TIME ELAPSED AFTER PURGING CO 2 

H equals HOURS 

D equals DAYS 
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TABLE NO. 5 PERCENT CO DEPELETION DURING MEASUREMENT PERIOD 6 OR MO RE
2 

DAYS AfTER THE SECOND DETERMINATION AND PERCENT DEPLETION 

PER DAY DU&ING THESE PERIODS. 

BIN NO. 3 4 5 6 7 8 

---------------------------~-~------------~~-~----~----~-------------

TIME ELAPSED BET


WEEN SECOND AND LAST 7 12 6 8 6 


DETERMINATION OF CO 2 


IN DAYS 

% OF DROP IN CO 2 1.6 5.7 1.6 3. 4 0.0 0.0 

CONCENTRATION 


% OF DROP IN CO 2 0.2 0.47 0.26 0.42 0.0 0.0 


CONC./ DAY 


It can be see n f r om t h ese st ud i e s t hat a c onsi d erable cone e n 

trat ion s o f CO l eth a l to a ll i nsects c oul d be purged i n a nd main
2 

t aine d in the in terg r anular spaces f or pe r i ods o f up to one year , a s 

l ong as the bin s a r e mad e re l ativel y g as -tigh t . 

SU MMARY OF RE SULTS 

Satis fac t o r y results in con struction cou l d be ob ta i ned wi th very 

c l ose s up erv is ion. I t is e ssentia l tha t the con s truction mater ' a ls 

be u p t o stand a r ds , i . e ., t he sand use d mu s t b e f ine and when mixed 

wi th the ceme nt, t he s tandard r ati0 sho u l d be f o l lowed . 



424 

TABLE NO. 6 THE DE PLETION IN THE CONCENTRATI ON OF CO2 FROM BINS 


DESIGNED FOR HERMATIC STORAGE OF GRAIN DURING STORAGE 

PERIODS OF UP TO 12 MONTHS 

PERrOD BIN. NO. 3 BIN No.4 BI N NO. 5 
OF CO 2 CONCEN- % OF CO2 CONCEN- % OF CO 2 CONCEN- %OF 
STORAGE TRATION % DEP- TRAT ION % DEP- TRATION :2: DEP 

LE- LE- LE 
(MONTHS) 

TrON TION TION 

i n i t i a 11; 67.6 79.9 53. I 

52.7 22.04 64.8 18.90 48.9 7.91 

2 39.6 41.42 54.6 31.67 44.4 16.3B 

3 32.3 52.22 49.8 37.67 39.3 25.99 

4 29.5 56 . 36 41.0 48 . 69 33.5 36.91 

5 38.0 52.44 32.0 39.74 

6 30.0 62 . 45 26.0 51.04 

7 27.2 48.78 

~ 24.2 54.43 

9 26.0 51.04 

10 24.0 54.80 

11 

12 21.0 60.45 

---------------------------------~---------------~-------~------------

CO2 DEP

LETION 

PER DAY 0. 47% 0.3 5% 0 . 17 '7. 
f)URING 

THE PE

RIOD 

---------------------------------------------- ~-- ----~~---------------

* DIRECTLY AFTER PURGING WITH CO 2 
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Thi s study also s howed that: 

1. The c o ns truc ti on o f a dou ble wall b in with PVC fixe d as a sandwich 

fo r maki ng them gas-tight was no t suc c e ssful. Th is prob l e m was s o l ved 

by pa inting the inner s urfac es with aral d ited epoxy res in t wo times 

a nd plac i ng a layer of g l a s s s heet s be t ween the coat s of paint . 

2. Conside r at i on should be g iven tc t he r e ductio n o f the n umb er o f 

ape rtures . to a minimu m. A bet t er d e s i gn f or the a pe r tu r e c overs is 

hi ghly r e c ommended, o the rwise c aul king the edges o f the cove rs wi th 

a paste of zi nc -oxide and araldite 1:1 shou ld be consi d e r e d . 

3. Rub be r gaske t s are no t s at is factory for h e r meL i c s e al i n g o f aper 

t ures e sp eC i al ly i f they are expo s ed direct l y to weathe r cond i t ions . 


