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STUDIES ON THE INTERNAL CORROSION OF CANS—|\
POSSIBLE MECHANISM OF THE ACTION OF
NITRATE IN CANNED DRINKS,

Takatomo Horio, Yoshitomo Iwamoto, and Sachico Komura

Summary

Nitrate has been known to cause rapid detinning of the inner tin surface of the
can of canned acid products. It was observed that the amount of ammonia was
accompanyed with the amount of tin dissolving from the canned drink (Table [ ). To
clarify the mechanism of the action of nitrate, canned drink model was made and
stored. A positive logarithmic relationship between the initial concentration of nitrate
and the amount of ammonia detected were observed after storage (Table ], Fig. 1). Tin
also dissolved in proportion to the former. The mechanism of the action of nitrate
was studied in detail with a model pack experiment in which a model drinks contained
nitrate or nitrite in the absence of oxygen, was carried out, and it was found that
detinning caused by nitrite .was ‘rapid with rapid loss of nitrite (Fig. 4). Whereas
when nitrate was added, the reactions both detinning and nitrate disappearance, are
very slow in the absence of oxygen (Fig. 2).

It is assumed that when divalent tin, a strong reducing agent. is formed by the
action of oxygen. nitrate present is reduced to nitrite which readily attack the metalic
tin to form divalent tin, and the reaction proceeds in such a manner of the chain
reaction. Oxygen must therefore acting a “trigger” in the over-all reaction (Table [V).
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Table | Correlation between detinning and ammonia formation
in canned orange juice soft drink in problem

| Date of manufacture Sto'r(an%g nltJSwd (pspl:n) I?g;;;’ Igpog;ll‘;

| 4/ 2/1963 36 185 1.8 0.4

' 5/18/1963 35 694 14.6 0.8
5/19/1963 35 588 13.3 0.5
5/20/1983 35 414 8.0 0
5/21/1963 35 297 7.6 0
7/23/1963 33 181 5.7 0

Opened 3/21/1966
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Fig. 1 Correlation between detinning and ammonia
formation in canned juice model* containing
nitrate, stored at 38°C.

* Contained citric acid (0.4%), sugar (10%) and
various amounts of nitrate (pH 4.0).

Table 11 Analysis of canned drink model. Stored at 38°C

‘7:(%3;? Storage %;);tge}&t Vacuum |Headspace pH Sn  |NH-N| NO;-N | NO;-N
(ppm) period (2) |[(cm/Hg)| (mm) (ppm) | (ppm) | (ppm) | (PPm)
Immediately 877.3 44 7.3 4.5 11 0.32 0.1 Tr
After 5 days 888.3 43.38 7.3 4.5 11.9 0.85 0.1 Tr
0 After 12 days 877.0 45.0 7.8 4.5 19 0.3 0 d
After 30 days 875.8 45.7 1.5 —_ 21 0.88 0.7 —
Immediately 871.6 48.6 7.3 4.5 7 0.37 1.13 0.01
After 5 days 875.6 42,3 6.8 4.5 13.4 0.92 1.1 0.02
V| After 12 days | 8740 | 40.8 7.2 45 | a1 0.3 | 09 | oo
After 30 days 873.0 49.3 7.2 — 33.3 0.97 1.0 0
Immediately 870.5 46 7.5 4.5 16 0.49 10. 17 0.14
After 5 days 874.0 44.6 7.0 4.5 130 1.84 9.5 0.02
10 After 12 days 874.7 48.5 7.0 4.6 148 3.3 5.5 Tr
After 30 days 874.0 49.3 7.3 — 191.7 6.48 4.3 0
Immediately 876.0 45.3 7.2 4.5 47 1.32 42 0.16
_ After 5 days 882.3 40.5 6.7 4.7 467 10.97 33.5 —
50 After 12 days 881.3 42.7 6.5 4.7 550 15.3 24.8 —_
After 30 days 866.8 54.3 8.5 —_ 623.3 19.35 | 22.2 0
Immediately 872.0 43 7.8 4.5 146 2,58 81.93 0.08
After 5 days 877.0 42.8 7.0 4.8 714 15.02 70.9 —
100 | After 12 days | s74.0 | 49.7 7.7 48 | 637 | 19.3 | 533 | —
After 30 days 874.5 43 7.2 — 666.7 | 27.92 | 33.1 -
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Table T Effect of Oxygen upon Tin dissolving with or without presence
of nitrate. Stored at 38°C

Initial Immediately After 10 days After 30 days

Oxygen

and nitrate Sn NO;-N* Sn NO;-N* Sn NO-N*

(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
0=0.8 _
N=0 3.2 7.0 0 11.0 0
0=0.4
N2 3.0 — 28.0 18 39.0 18
0=34
Neb 3.6 — 80.0 0 80.0 0
0=33
N=20 13.0 — 140.0 17 263.0 13
0=8 _ —
N0 97.0 0 32,0 0

* nitrate remainnig
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Fig. 3 Standard curve of nitrite deternufla- Fig. 4+ Effect of nitrite and nitrate on
tion using dimethyl-a-naphthylamine detinning (A model experimént)
sulfanilic acid method. ( ) nitrite found.
test solution 10ml+2%-Dime-«-naph. amine Citric acid (0.4%) solution (pH 3.4), con-
alc sol. 0.3ml+1% Sulfanilic acid sol. 4.5mi. taining potassium nitrite] or potassium

nitrate. (initial amount of disslved oxygen
was 1.9 ppm.) was covered with petrolatum
liguid. Reaction temperature was 27°C.

Measured after standing for 20 minutes at
room temperature.
WTHBEFL.

51 % -4

Wil A A HEIFC Y 2 = ADPAKDRAXDRERER MBS T LIEFTTITR~S, TORE
BRI DLW TR LGS o722, LI LBIEA A VIZE D DANBEEM LT 32012 RIE
EEOWIAMEELETHIOTHETORFERA. THEEED T A VW ETOEER
WIRARAT—RBEIZ LD AL Ty E==TOFEENREDONT. TOT VE=TRYIDICH~
72 XS IKHASRTRBRALREEINT, LabhAdOBGRMSICED SHaBR3c LS
Mo LHTHEA A VORI DERLI- DL ELA 0N, COLRLES T RBHRIC Y
BHTAE Fig LICTLACXDIZIRMLARIEAA v s Ty e=THIN. BLURXDEM
& DIcED THE S HINNESED oM. BLIOSURISBHSEHEE LT Lppm UTOR
IRTREBEIZA LD OEBEDSNBWEEFELELSNE. ChoDRBLATOBE
BETRIRTOLAD NIGKICHRPEA 4 MBS, 5 HMBERLBRTIBRA SR
HMETBCEETERPaT. TNODIEXDWEA 4V EHANTERMBELRT 32520 pH
CREMNEREREEL-DEBCT v 2= THERFONCBUNIETT b0 & #ETE S

U — A AEDITHIHOE BRIV TR T TIZW 28 D Tk~ h, —REICHNTIC
B 2 YNRIE £e12 Head space oD e NERFER . BROVETEE. b LARREMICEE ST 5L
CEDEITRAEIVRZCEMBAONTH S, IREBILT 270505 Hot-pack #:2581H
ENTIEHNAD, BELERTEENRLODITREL. T TAXDOERCBSIITEREDCR
GEWEA AV ORERIC DS BIET Lo/, BEREERHLAL TP hARFTHET I LD
HETHEOTRBENTRAABRZNOBRHE L. Fig. 2 THO ML X S ICHTE L2 XOGRIZ&
HOBEEBSLUICEES T, MEMEIERAXREGHMENRICSL LR LTHS. Ml
FUILEBRAXOREHRINSBEOLEECLIVBOTHETTACEIMHPLL., T oMLY
BEORCEDZXDOEBZIOBHIEEOTHRET LT 2008/ 4 vikERICIRBR O¥k%

[E



DFRZRITDWBA 4V, RORIWEEA A Y OBTERYBRAXEERTS. @ BEONEHMSH
BAAVORETERLWEEA A VORTEBREONBLMHE - TRAILEHRTS. D2EMN
EZoNnbd. TITHROP 1 RELHBATH 2HHRA A v OX XERIEMC>EBF L.
BB OV TRER 2CEVWTRBIMcoA Bt sh, BB TRRNTIIEMBTE
Bro/c. 2THEMBERNE VY 2 — A% Hot pack EICX Y8l L 7:43, Hot pack
FHC T CR—BWBCRBIL SN EREOSDFRAE RN T3 ENTEL L 12, 2T TOOHE
BVWEREL, BEBEEIBRETIADERT ABRATE - - EMBERNEF VY 2 — R4
WAEDACHE L ERE OBME S 51 0HE/ T 7 « v ERBLTHRILE. Fig. 4 THAX
S EREHIMIZ 305D lag period BB SN, ChEBF 2 & KBIZAMCETL:. B
ROZXXGRIEAREBDTATHY, LA LARIUSBEREORAELVRETED THDD
ICETT2CETHS. LrbloIVBREERBRERX XOEMEED THAMA XL, HER
BBBEINRANE L 2 XDOBBRRAL BILTECETHE. —HZORMERTIZT v =
=T OERNEDSNI. TORBIZHIT 2 lag pericad DRER 7 ) FEHOBEAXBLOR
EREEHDLEIONBNESITHI LI,
AEBIBOTHHBORD ICHEBA A v ERINLAESOR, EBMII AL LI XDAE
BRBCHEL, MTERRAA VOERES0.IBLUTTH 7. HEOEBRE L DEAIC
BUBAXDBERREZEDILROMLBICcMNTE., BEMBISNEETHEERAS.

Table I Possible reaction mechanism of nitrate in corrosion in canned acid products

Sn Sn (I, IV)
NO3 NO: - NHY
In the 1. Ofcygen is consumed.
presence 2. Nitrate decreases.
of oxygen 3. Ammonia is produced. (via nitrite).
4, Tin is dissolved.
e — { —
Absence of | 2. Nitrate remains. 2. Nitrate decreases rapidly.
oxygen 3. Ammonia is not produced. 3. Ammonia is produced.
4. Tin is not dissolved. 4. Tin is dissolved rapidly.
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