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Since its release in 1990 by Lucasfilm 
Games, The Secret of Monkey Island has be-
come a classic of point-and-click adventure 
games. Many players who grew up in the 
1990s will be familiar with the adventures 
of the aspiring mighty pirate (or was it a 
flooring inspector?) Guybrush Threep-
wood. Among the many perils he encoun-
ters and the dangerous concoctions pre-
pared by the Voodoo Lady, few substances 
rival grog for sheer menace. This beverage, 
beloved by pirates in all the Tri-Island area, 
is remarkable not only for its questionable 
ingredients but also for its ability to corrode 
metallic objects rapidly. It is first introduced 
to the player by the pirate leaders at the 
SCUMM bar on Mêlée Island. According to 
their description, grog is the most caustic, 
volatile substance known to man; itis a se-
cret mixture containing one or more of the 
following: kerosene, propylene glycol, arti-
ficial sweeteners, sulfuric acid, rum, ace-
tone, red dye No. 2, SCUMM, axle grease, 
battery acid, and/or pepperoni. The most 
interesting property of grog from a chemi-
cal perspective is not its composition, how-
ever, but its remarkable corrosivity. In fact, 
they also explain that it readily eats through 
metal, much to the dismay of the chef, who 
spends a fortune on mugs. The game itself 
is the primary source for the dialogue and 
puzzle described here (Lucasfilm Games, 
1990).

During the game, to cleverly solve one of 
the puzzles, Guybrush collects grog in 

pewter mugs. The container progressively 
deteriorates, forcing the player to transfer 
the liquid repeatedly into fresh mugs while 
travelling from the SCUMM bar to the jail. 
The grog can then be poured onto the lock 
of a prison cell, destroying it and freeing the 
prisoner Otis, who will become a crew 
member for Guybrush’s trip to Monkey Is-
land (or… will he?).

This raises an obvious question for the 
chemically inclined player: what would 
grog actually have to contain to behave this 
way? The present work addresses this ques-
tion semi-quantitatively. Rather than start-
ing from possible formulations, we treat the 
game’s observation as an inverse problem: 
we use the apparent rate of mug deteriora-
tion to estimate the proton supply required 
by a simplified corrosion model. The objec-
tive is not to propose an experimentally re-
producible formulation of grog, an endeav-
our that would be both inadvisable and 
potentially disappointing to pirates, but to 
determine which chemical characteristics 
are necessary to reconcile its behaviour 
with known corrosion science.

BOUNDARY CONDITIONS AND 
ASSUMPTIONS

To formulate the model, we need esti-
mates of the time required for grog to eat 
through the mug, as well as the mug’s wall 
thickness and material composition.
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Time

Anyone who has played the game re-
peatedly, including the author, will have 
learned to time the mug-swapping ma-
noeuvre carefully to reach the jail and pour 
the contents onto Otis’s cell lock. How frus-
trating! Although the game does not pro-
vide a physical clock, a mug’s lifetime can 
be measured “experimentally” by having 
Guybrush fill it, waiting until it dissolves 
completely, and recording the elapsed time.

The author timed the puzzle near the 
end of Act 1, after completing the three tri-
als to become a pirate. The version used 
was The Secret of Monkey Island: Special Edi-
tion, released in 2009 by LucasArts and dis-
tributed through Steam (LucasArts, 2009). 
Using a stopwatch, the author measured a 
mug lifetime of approximately 35 seconds, 
which is adopted as the characteristic perfo-
ration time in the model. As a further sim-
plification, perforation of the model wall is 
taken to correspond to complete in-game 
dissolution.

Given the approximations involved in 
the model, greater precision in the mea-
sured time is outside the scope of this work.

Material

The mug resembles a traditional tavern 
tankard (Fig. 1): it has a dull grey metallic 
colour, a rounded shape, and no obvious 
ceramic glaze or wood grain.

Historically, such tankards were com-
monly made from pewter, a malleable alloy 
consisting predominantly of tin (The 
Pewter Society, n.d.). The game supports 
this identification: if the player waits long 
enough after filling the mug, it changes 
from a “melting mug” to a “pewter wad” 
(Fig. 2) before dissolving completely.

Figure 2. Guybrush in the middle of the grog puzzle. Source: imagery from The Secret of Monkey Island: Special Edi-
tion (LucasArts, 2009).

Figure 1. Mug full of grog immediately after filling 
(left) and after a few seconds (right). Source: imagery 
from The Secret of Monkey Island: Special Edition (Lu-
casArts, 2009).
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Pewter composition has varied over 
time, and historical alloys could contain 
lead. Modern pewter is generally tin-rich. 
Because the mug’s exact alloy composition 
is unknown, it is treated here as pure tin.

Thickness

The game provides no wall-thickness 
measurement. Historical pewter drinking 
vessels provide context for the choice of 
material (The Pewter Society, n.d.), but do 
not establish the thickness of the fictional 
mug. A thickness of 2 mm is therefore 
adopted as a ballpark value, rather than a 
measured property.

Expected composition and properties 
of grog

Here things get interesting. Table 1 lists 
the potential components of grog, their 
chemical composition (where available), 
and their possible contributions to tin corro-
sion. These provide a starting point for con-
sidering corrosion mechanisms. Not all 
components are necessarily present, how-
ever: the pirate leaders specify “one or more 
of the following”.

Considering appreciable amounts of 
each of the listed ingredients, and neglect-
ing potential effects of the mysterious 
SCUMM ingredient, grog might exhibit the 
characteristics summarised in Table 2. 
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Table 1. Components of grog, chemical composition, and potential corrosivity towards tin.
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These predictions are composition-depen-
dent. Interestingly, none of the listed ingre-
dients seem to be able to provide an obvi-
ous explanation for the intense green colour 
seen in the game.

Analysing the composition, sulfuric acid 
stands out as the clearest candidate for pro-
ton-driven tin corrosion among the identi-
fied ingredients. No separate strong oxi-
dant is explicitly listed. The model therefore 
initially treats grog as an aqueous acid solu-
tion. Concentrated sulfuric acid can also act 
as an oxidant, but water introduced with 
rum and battery acid would dilute it to an 
extent determined by the unknown mixing 
proportions, possibly negating the oxida-
tion ability.

MODEL AND CALCULATIONS

Assumptions

Based on the assumptions established in 
Section 2, the problem is reduced to acid-
only dissolution of an idealised tin tankard 
wall, with a thickness of 2 mm and a perfo-
ration time of 35 seconds. The schematic re-
action is:

Mori et al. (2002) discuss the resistance of 
pure tin to non-oxidising acids, associated 
with sluggish hydrogen evolution, and in-

vestigate corrosion in oxygen-saturated sul-
furic and nitric acids. Dissolved oxygen 
provides an alternative cathodic reactant; 
these experiments therefore do not estab-
lish that reaction (1) would proceed rapidly 
in grog. Here, rapid proton-driven dissolu-
tion is deliberately assumed as an idealised 
limiting case.

The model neglects limitations from hy-
drogen-evolution kinetics and surface pas-
sivation. These assumptions favour proton-
driven dissolution by allowing the interfa-
cial reactions in equation (1) to proceed suf-
ficiently rapidly for proton supply to con-
trol the rate. The surface is treated as a 
perfect sink for protons, whose surface con-
centration approaches zero. This maximises 
the concentration gradient for the pre-
scribed bulk concentration and transport 
geometry. Diffusion control is a simplifying 
assumption, not an inference about real tin 
corrosion.

Metal loss and required proton flux

We can first calculate the metal loss and 
proton supply required by this scenario. 
The required average values follow from 
geometry and stoichiometry. Let    denote 
the initial metal tankard thickness,      the 
remaining thickness at a time t, and  the 
speed at which the inner surface recedes. 
For constant recession speed (or for the av-

Table 2. Plausible characteristics of a mixture of the listed ingredients.
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erage speed over the full perforation inter-
val),

where    is the dissolution time. This as-
sumes one-sided attack and uniform reces-
sion over the area considered. Perforation 
occurs when the remaining thickness 
reaches zero. The following value is the re-
quired average recession speed; it does not 
imply constant instantaneous speed in the 
transient model introduced below:

For an exposed area A, the volume re-
moved in a time interval dt is Av dt. Multi-
plication by the metal density ρ gives the 
mass removed; division by molar mass M
gives the amount in moles. Thus, the metal 
molar flux      , meaning moles removed per 
unit area per second, is

Using tin density ρ = 7310 kg m⁻³ and 
molar mass M = 0.11871 kg mol⁻¹,

The corresponding mass flux is ρv, ap-
proximately 41.8 mg cm⁻² s⁻¹. For compari-
son, the tin-corrosion data discussed in the 
appendix correspond to mass-loss rates of 
roughly 1 mg cm⁻² h⁻¹ under the conditions 
studied by Mori et al. (2002). The required 
average flux of 41.8 mg cm⁻² s⁻¹ is approxi-
mately 1.50 × 10⁵ times larger. This is an or-
der-of-magnitude comparison: the experi-
ments used dilute acid (0.05 M), different 
specimens and oxidizing conditions, rather 
than the hypothetical conditions assumed 
for grog. Nonetheless, this already shows 
that grog must be pretty powerful stuff!

Required acid concentration

The diffusion boundary layer is a region 
in the liquid adjacent to the metal. Its thick-
ness δ is distinct from the initial metal wall 
thickness     = 2 mm. In a simple film ap-
proximation, proton concentration de-

creases linearly from bulk concentration ccc
to surface concentration      . Immediate con-
sumption at the surface gives     ≈ 0. Fick’s 
first law then gives the inward flux magni-
tude, taking the coordinate to increase to-
wards the metal, so that dC/dx < 0 
(Laborda et al., 2024):

For a stagnant liquid, the equivalent dif-
fusion-layer thickness changes with time. 
For ideal planar diffusion to a stationary ab-
sorbing surface in a semi-infinite solution 
that is initially uniform, it can be shown 
that the transient thickness is δt =   pdt
(Laborda et al., 2024), so the flux is not con-
stant with time. We obtain the average pro-
ton flux          by integrating J(t) over the dis-
solution interval and dividing by its 
duration, obtaining:

Solving the integral gives:

Interestingly, the exact same expression 
of (8), appears in the diffusion-based ad-
sorption treatment discussed by Staszak 
(2016), who modelled surfactant absorption 
at a fluid/fluid interface. Combining equa-
tions 3 and 4 of his paper, with the assump-
tion of perfect sink (   ≈ 0), provides our 
equation (8). This does not imply that sur-
factant adsorption and metal corrosion 
share the same interfacial chemistry, both it 
shows that the two diffusion-limited mod-
els share the same law, reinforcing the state-
ments of the present work. The stationary-
plane approximation also neglects motion 
of the dissolving boundary, finite liquid 
volume and ionic migration. At 35 seconds,        
pdt    is approximately 1.0 mm, compared 
with 2 mm of wall recession, so boundary 
motion is not a small correction and the re-
sult is only a scale estimate.

Substituting the average proton flux into 
the stoichiometric relation          = 2      and 
using equation (4), gives:
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For this illustrative calculation, the pro-
ton diffusion coefficient in dilute water at 
room temperature is taken as D = 9.3 × 10⁻⁹
m² s⁻¹ (Muñoz-Santiburcio, 2022). Substitu-
tion into equation (9) gives:

Validity of the results

For scale, taking the density of 98 wt.% 
sulfuric acid as approximately 1.84 g cm⁻³ 
and its molar mass as 98.1 g mol⁻¹ (NIOSH, 
2019) gives about 36.8 mol L⁻¹ of stoichio-
metric proton equivalents, calculated as 2 × 
0.98 × 1000×ρ/M. The required concentra-
tion is about ten times this value. Proton 
equivalents are not the same as free-proton 
concentration or activity in concentrated 
acid, and the dilute-water diffusion coeffi-
cient cannot be extrapolated quantitatively 
to that regime. The calculation therefore in-
dicates that ordinary aqueous acid chem-
istry cannot explain the observed rate 
within this stagnant diffusion model; it 
does not exclude an oxidative mechanism. 
It is entirely possible that SCUMM is a 
voodoo-powered oxidant, after all. Extend-
ing the present proton-diffusion model to 
this case would require proton consump-
tion to remain necessary for dissolution and 
proton transport to remain rate-limiting, 
with the stoichiometry adjusted accord-
ingly. These conditions cannot be assumed 
without knowing the reaction mechanism.

The stagnant-liquid treatment also ne-
glects fluid motion caused by possible hy-
drogen evolution through reaction (1), as 
well as sloshing while Guybrush frantically 
carries the mugs to the jail. Such motion 
could enhance mass transport and reduce 
the proton concentration required for a 
given dissolution rate. Repeated play 
shows no noticeable change in mug lifetime 
when Guybrush moves, but this is a feature 
of the game and cannot establish that con-

vection would be negligible in a real liquid. 
The calculation should therefore be read as 
a stagnant-liquid reference case.

We should also address the observation 
that, while a pewter tankard can resist 
when filled with grog for about 35 seconds, 
the jail lock, presumably made of some iron 
alloy, melts in less than two seconds. Fortu-
nately for the model, opening a lock does 
not require dissolving its entire mass. Lo-
calized attack on a thin part of it could be 
sufficient to release the mechanism. Under 
otherwise identical conditions, the transient 
diffusion model predicts that dissolved 
thickness scales with the square root of time 
(see equation (A.1) in the appendix). Thus, 
in two seconds, grog could attack approxi-
mately                × 100% ≈ 24% of the thickness 
removed in 35 seconds, which is about 0.5 
mm of the assumed 2 mm mug wall. This 
comparison, however, does not take into ac-
count the different material and geometry 
of the lock. Nevertheless, a vulnerable inter-
nal component offers a possible explanation 
for its rapid failure. Alternatively, Mêlée Is-
land’s prison authorities may simply have 
been scammed by the shopkeeper when 
they purchased their locks, and maybe they 
are not made of such a sturdy material.

Having developed the model, one might 
reasonably ask: why not test it against real-
world corrosion data? More precisely, can a 
model based on proton diffusion reproduce 
metal losses measured under stagnant con-
ditions? The appendix explores this ques-
tion by comparing the model’s predictions 
with published experimental data. Given 
the simplifying assumptions, the agreement 
is surprisingly good, although it may not 
establish proton diffusion as the controlling 
mechanism.

CONCLUSIONS

The pirate leaders certainly have 
grounds for calling grog one of the most 
caustic substances known to man. Within 
the idealised stagnant diffusion model, per-
forating a 2 mm tin wall in 35 seconds 
would require a proton concentration of ap-
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proximately 383 M, far beyond a plausible 
aqueous acid concentration. Ordinary acid-
ity therefore cannot explain the observed 
rate under these assumptions. This conclu-
sion is specific to the transport model: con-
vection, different cathodic reactions and the 
unknown chemistry of SCUMM remain 
outside its scope.

So, is the model completely useless? Per-
haps not: it shows just how demanding the 
puzzle is for ordinary acid chemistry. In 
any case, it was fun contributing a little 
chemistry to the fantastic world of Monkey 
Island. The practical advice remains un-
changed: don’t drink that swill!
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APPENDIX

This appendix compares the transient 
diffusion model with literature corrosion 
data for tin and mild steel. The comparison 
tests the scale and trends of the predictions; 
it does not independently identify the rate-
limiting step.

Mori et al. (2002) report cumulative tin 
loss per unit area in dilute sulfuric and ni-
tric acids. Generalizing equation (9) to dis-
solution as a cation of charge z, with z pro-
tons consumed per metal atom under the 
assumed hydrogen-evolution mechanism, 
gives the dissolved thickness ℓ(t) = L₀ −    . 
Let      denote the numerical proton concen-
tration in mol L⁻¹, so that       = 1000      in mol 
m⁻³. Using M in kg mol⁻¹, ρ in kg m⁻³, D in 
m² s⁻¹ and t in seconds:

The corresponding cumulative mass loss 
per unit exposed area is given by equation 
(A.2) in kg m⁻², which can be expressed in 
mg cm⁻², as in the source paper, by multi-
plying by 100.

Figure A1 compares the literature data 
with predictions using z = 2, M = 0.11871 kg 
mol⁻¹ and D = 9.3 × 10⁻⁹ m² s⁻¹. For 0.05 M 
H₂SO₄, complete first dissociation and the 
concentration approximation Kₐ₂ = (0.05 + 
x)x/(0.05 − x) = 0.010 (Reusch, n.d.) give x = 
0.00742 M and cH ≈ 0.0574 M. Activities are 
approximated by concentrations; this is not 
an exact speciation calculation. The model 
curve for nitric acid uses      = 0.05 M, as as-
sumed for the data comparison in this man-
uscript.

The predictions reproduce the order of 
magnitude of the plotted tin losses without 
fitting parameters. Numerical agreement 
alone does not establish proton-diffusion 
control: oxygen reduction, nitrate reduction 
and surface processes may affect corrosion 
under the experimental conditions. In par-
ticular, using the proton-consumption stoi-
chiometry of equation (1) for oxidising 

acids is an illustrative comparison, not a 
demonstrated reaction mechanism. None-
theless, rather than being merely a coinci-
dence, this result suggests that the process 
may be very close to one where proton dif-
fusion is the rate-limiting step, or it has 
comparable kinetics.

Figure A2 compares the mild-steel mass-
loss data attributed to Osarolube et al. 
(2008) with model predictions after 1 day in 
HCl and HNO₃. The specimen dimensions 
used are 5 × 5 cm with a thickness of 1 mm. 
If both faces and all four edges are exposed, 
A = 52 cm² = 0.0052 m². Treating steel as 
iron dissolving to Fe²⁺ gives z = 2 and M = 
0.055845 kg mol⁻¹. Equation (A.2), multi-
plied by A and by 1000 to convert kilograms 
to grams, gives m(t) = (2 × 10⁶ A M   /
z)√(Dt/π). With t = 86,400 s, D = 9.3 × 10⁻⁹
m² s⁻¹ and      approximated by the HCl mo-
larity, the prediction is m(1 day) ≈ 4.64      g. 
The calculation assumes a constant exposed 
area, negligible bulk depletion and inde-
pendent planar diffusion at each surface.

The prediction is remarkably close to the 
plotted HNO₃ values but agrees with the 
HCl data mainly at lower acid concentra-
tions. Nitric acid can support cathodic path-
ways other than hydrogen evolution, so this 
agreement does not validate the assumed 
proton stoichiometry. Thus, the simple pro-
portionality between mass loss and acid 
concentration does not describe the entire 
plotted range for HCl. This departure alone 
does not demonstrate a transition away 
from diffusion control. Surface kinetics, 
concentration-dependent transport, ionic 
migration, evolving surface condition and 
changes in solution composition may all af-
fect the comparison. In addition, the equiv-
alent diffusion-layer thickness after 1 day is 
approximately 5 cm, comparable to the 
specimen dimensions, so the independent 
planar, semi-infinite approximation be-
comes questionable. 

In conclusion, the appendix provides an 
illustrative comparison, rather than a vali-
dation of the model across these conditions. 
However, it is remarkable that such a sim-
plified model may describe experimental 
data with such a level of accuracy without 
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the use of adjustable parameters, and it may 
encourage further investigation.
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Figure A1. Cumulative tin loss per unit area: approximate literature values attributed to Mori et al. (2002) and 
predictions from equation (A.2). Top: sulfuric acid, with model cH = 0.0574 M for 0.05 M H₂SO₄. Bottom: nitric acid, 
with model cH = 0.05 M. Literature points are approximate readings supplied for this comparison; the original 
nitric-acid concentration and plotted series require confirmation against the source figure.
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Figure A2. Mild-steel mass loss after 1 day of exposure to HCl (top) and HNO₃ (bottom): approximate literature 
values attributed to Osarolube et al. (2008) and predictions from equation (A.2), using an exposed area of 52 cm². 
The same proton-only calculation is shown for both acids as an illustrative baseline, not as a validated nitric-acid 
corrosion mechanism.
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