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1. Modelling details

1.1. Calculation of fugacity coefficients with CPA EOS
This section presents the equations required for the calculation of fluid phase fugacity
cofeficients with the CPA EOS. The methodology follows Michelsen and Mollerup* and
Appendix 9C from Kontogeorgis and Folas?, as the EOS is no longer cubic due to the
association term present. From classical thermodynamics the fugacity coefficient ¢; of a

component i in a mixture is given by:

0A”
RTIng; = (6 ) — RTInZ (S1)

TV m;
AT is the residual Helmholtz energy of the mixture and Z is the compressibility factor:

_ PV

7 =—— 2
nRT (82)

The CPA EOS combines the Soave-Redlich-Kwong EOS with the association term, derived
from Wertheim’s first-order perturbation theory. This means A™ has two contributions:
AT (T: Vv, n) = AgRI( (T» Vv, n) + AZssociation (T' v, TL) (83)

Michelsen and Mollerup?® outline how the SRK term fugacity coefficient can be calculated:

A (T, V, 1) B\ D(T) B
RT = —nin (1 - V) ~RTB ™ (1 + V) (84)

where V is the total volume of the system, while:
nB = nzbmix = Z n; z nj bl] (SS)
i J

DT) = Wi = ) 1 ) ay (T) (6)
i J

n= Z n; (S7)
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The classical van der Waals mixing rules are used for the energy term a(T) and co-volume

parameter b:



a;;(T) = a;;(T) = /aii(T)ajj(T)(l — kij) (S8)

1

Therefore, using Equation S9 reduces Equation S5 to:

B =Zni bii (SIO)
i
Assuming that:
Api (T, V,n) B\ D(T) B SRK
B
g(V,B) = 1n<1 - V) (S12)
1 B
f(V,B) = —1n (1 +V) (S13)

By substituting Equations S12 and S13 into Equation S11, the resulting equation for FSRX js

given as:

FSRK = —ng(V,B) — @ f(V,B) (S14)

Hence, calculation of the fugacity coefficient ¢; of a component i for the SRK term requires

the derivative of the function FSRK :

§F SRK
< > =F,+ FgB; + FpD; (S15)
6ni
T,V,nj
where:
B
E,=—g =—-In (1 _V) (S16)
D(T)
Fp = —ngg _TfB (S17)
with:
1
gp = (S18)

- (V-B)



_f+ 4%

fo = -1 (519)
1
A EY)) (520)
Fp = —g (s21)

B; and D; are the composition derivatives of the energy term (Equation S6) and the co-

volume term (Equation S10), and are given by the following equations:

BiZZZjn,-b,-,-—B

(S22)
n
Di =2 Z n; a; (823)
J

1.1.1. Association term of the CPA EOS
The approach proposed by Michelsen and Hendriks® is used to estimate the contribution of
the association term to the residual Helmholtz energy A} .., ciation (T, V, ). They introduced a
Q function for the calculation of the derived properties of the association term. This function
takes advantage of the fact that the associaiton contribution to the Helmholtz energy is itself

the result of a minimisation:

Qn,T,V,X) = Z n; Z (InX,, — X5, + 1)
i A

1 B,
~ 5y 0 2T ), D Ka e 04 (S24)
i j

A B]'

In Equation S24, X,,. is the fraction of A sites on molecule i that do not form bonds with other
active sites, n is the total composition of the mixture and V is the total volume. The
association conditions of the CPA EOS equals the value of Q at a stationary point with
respect to the site fractions X. The stationary point representing these conditions is thus:

0Q

GTAi =0, for all sites (825)

By differentiating Equation S24:



1 1
i Jj Bj

Which yields:

11 .
7= +vanZXBja j (827)
T

The value of Q at a stationary point (sp) is thus:

1 1 B,
Qsp = Zniz (InX,, — Xa, + 1) _EZ niZXAi VZ njz 94iB; (S28)

i A; i i j Bj
1 N A ociation(T)V, 1)
" Qg = z n; / (mxAi —>Xa + E) = ““"”“t;’; (S29)
2 i

The chain rule is applied to calculate the fugacity coefficient from the association term. The

derivative of Q,, with respect to n; is given by the following expression:

TR

However, at the stationary point, the derivatives dQ/ dX,, are by definition zero, meaning

% _%|

ani

that the fugacity coefficient can now be calculated using the explicit derivative of Q with

respect to n;:
0 AZssociation
2 (Besoctaion ko =5 1) =55, Yo 3, 4
6ni< RT ) 6nl Z"lz(n wt1) ity
VMG A; BJ T,V,nj

S31
=Z(ll’1X Xal+1)_ﬁa_nl| <Z annjz ZXALXB AAB> ( )
A; Bj
1 9AAiBj
_ﬁz Zninjz ZXALXB} a

When the yielding equation is combined with Equation S27 and after some algebra:



s
a AaSSOClathn
ani RT
T,V,nj
Bj

OAA
=ZInXAi Z ann]z ZXAL B 3 (S32)
A M

Aj Bj
The derivative d44i%i / dn; is given by the following equation:

dAAiBj dln
— 48, 209 (S33)
ani ani

Combining Equation S32 with S33 gives:
i AZSSOClaflOTl
ani RT
T,V,le

= ZlnXAi Z an n]z zXAl XB]AA BJ Ing (S34)
A i

l B]

Combining Equation S34 with S27 yields the final equation:

9 aln
< assoczatton) Z In XA Z n; z (1 _ g (835)
on;

Therefore, for the calculation of the contribution of the association term, the derivative of g

with respect to n; is required. Given that for the CPA EOS:

B
g(V, Tl) = m, where n= W (836)
and B is given by Equation S10, then:
dg _dg
—B;
Onl ~ 0B (837)

where B; can be calculated from Equation S22, while:

2

ag )
V —0.475B

3B (S38)

—o. 475V(

1.2. Calculation of the Ideal Gas Gibbs Energy
The ideal gas Gibbs energy of pure water is calculated using the following expression, which

is general to any component:



Gwo _ Gwoo fT huw,o

RT ~ RT, Jg RT? a7 (839)

Where g, is the molar Gibbs energy of formation at T, and P,. The enthalpy of the ideal

gases is:
T

hwo = hyyo + f Cp dT (S40)

To
Where h,, , is the molar enthalpy of formation at Ty, Py, and cp,, is the heat capacity, which
is of the form:

cpw = ao +a,T + a,T? + a3 (S41)

Note that for the Gibbs energy and enthalpy of formation, a different reference state of T, =
298.15 K and P, = 1 bar is used. Table S1 below lists the constants used for calculating the

water ideal gas Gibbs energy and the ideal gas heat capacity parameters.

Table S1: Ideal gas formation properties and heat capacity parameters for Equations S39, S40
and S41°,

Parameter Value (Water)
Guwy,o (Imol) -228700
hy,o (J/mol) -242000

ao/R 3.8747

a;/R 0.0231

a,/R 0.1269

az/R -0.4321

1.3. Calculation of the ice-phase fugacity
The equation used to calculate the fugacity of pure water in its solid (ice) phase, or for any

pure component i in its solid phase, is given as:

AHg; [T _1] +AC,§;5 T T
RT; L T R |T T

~~ —1+In
Av[?S(P — By)
RT

ln(flg) = ln((p;%ure,ip) -




Where <pf,we,i is the fugacity coefficient of pure component i in the liquid phase calculated
with the CPA EQS; T, ; is the melting temperature of pure component i; AHg ; is the
corresponding molar heat of fusion at T, ;; ACZQ’?S is the molar specific heat of the
component as a pure liquid minust that of the pure solid i, which is approximated as
independent of the temperature; Av;~% is the change in volume between the liquid and solid
phase of component i; and B,, is a reference pressure for the given melting temperature,

which in this case is atmospheric pressure. (or any given pure component i)

2. Breakdown of number of tuneable parameters

This section gives a detailed breakdown of the number of tuneable parameters for each of the
hydrate models considered in this work: the proposed cavity-based approach, Ballard and
Sloan, and the Hielscher et al. model. The types of parameters can be broadly classified as
either universal/(hydrate)-structure dependent, or component-specific i.e. dependent on the

hydrate formers considered.

When comparing the hydrate-former dependent parameters between Ballard and Sloan and
the cavity-based approach, we consider the following hydrate-forming components only from

Ballard and Sloan:

1. Methane
2. Ethane
3. Propane

4. Isobutane

5. n-Butane

6. Carbon Dioxide
7. Nitrogen

8. Hydrogen Sulfide

For the Hielscher et al. model, since not all the aforementioned formers are available, the
eight formers included in their model are considered:



1. Methane

2. Ethane
3. Propane
4. Argon
5. Oxygen

6. Carbon Monoxide
7. Carbon Dioxide
8. Nitrogen

2.1. Cavity-based model
The proposed cavity-based model has the following universal/structure-dependent

parameters, as summarised in Table S2.

Table S2: Breakdown of the sources of universal model parameters and the final total for the

proposed cavity-based hydrate model.

Description Number of Parameters Parameter

symbols

Reference Gibbs Energy and Enthalpy of 2 x 2 = 4 (2 per hydrate gvlio, hfvo

Empty Hydrate Lattice structure)
Thermal expansion of hydrate lattice 3 X 2 = 6 (3 per hydrate aq, ay, as
structure)
Reference lattice parameters 2 Aoref
Compressibility of hydrate lattice 2 By, By'
Cavity radii and coordination numbers 2 X 3 = 6 (2 parameters for R;, z;
3 cavity types)
Total 20 -

The component-specific parameters in this model are solely the Kihara Potential Parameters

(KPP) a.;;, 0;;, and :—’ for each hydrate former J and cavity type i. Since we consider three
B

cavity types 52, 51262 and 5126*, for n hydrate formers considered, we have a conservative

estimate of 9n + 20 parameters. When we consider n = 8 hydrate formers, this leads to a



conservative total of 92 parameters. However, in practice, there will often be components
where only one set of cavity-specific parameters are required; for example, propane only
occupies the large 526* sll large cavity and thus only has three KPP instead of the full nine
per former. Additionally, in this implementation, we keep the hard core radius a.; ;
consistent between each of the cavity-specific parameter sets, which reduces the a, values
needed per hydrate former from three to one. Therefore, this model has a more realistic
estimate of 7n + 20 parameters; for 8 hydrate formers considered, this would total 76

parameters.

A precise count of the number of Kihara potential parameters required based on the tuned
parameters in Table 12 of the main article yields a total of 44 parameters. Combined with the
20 universal/structure-based parameters, the total number of tuneable parameters for the

cavity-based model is 64.

2.2.Ballard and Sloan parameter breakdown
Table S3 shows the breakdown of universal/structure-dependent parameters for the Ballard
and Sloan hydrate model. A large number of these parameters come from the multi-layered
shell approach used by BALLARD AND SLOAN: the values used in their work are shown in
Table S4.

Table S3: Breakdown of the sources of universal model parameters and the final total for the

Ballard and Sloan model.

Description Number of Parameters Parameter
symbols
Reference Gibbs Energy and Enthalpy of 4 x 2 = 8 (2 per hydrate gvlf]‘o, hlyor @ b
Empty Hydrate Lattice structure)
Thermal expansion of hydrate lattice 3x2=6(3perhydrate  a,, a,, as
structure)
Cavity radii and coordination numbers 24 for multilayered shell  R;, z;
(Table S4)
Total 38 -

Table S4: Coordination numbers z; and shell radii R; assuming the guest molecule interacts

with the first water shell, which is subdivided into four possible layers®



Cavity First Layer Second Layer Third Layer Fourth Layer
R /A z R;, IA  z, Rz/A z, R4 1A 2z,

sl, small  3.83 8 3.96 12

sl, large  4.06 8 4.25 4 447 8 4.645 4

sll, small 3.748 2 3.845 6 395 12

sll, large 4.635 12 4.715 12 4729 4

The source of the additional a and b parameters come from the additional activity coefficient
of the hydrate that Ballard and Sloan use to describe the chemical potential of water in the

hydrate phase, which is described in their work as:

ph = gf, + RTZ v;In (1 - Z 91-,]> + Iny! (S42)
i ]

where
B B P
Ag Ahy /1 1 Av
Iyt = —9wo  Tlwo (_——> f “UH gp S43
"o =R, TR \TT,) ) RT (543)
0
298 anP ) .
The terms R;”"’ and TW"’ represent the perturbed Gibbs energy and enthalpy of formation
0

from the change of hydrate volume from the standard state lattices that Ballard and Sloan
proposed to the volume of the real hydrate. These were assumed to be linear in this change of

volume Avy,
B _ B _
Ag,, o =advy, and Ah, ;= bAvy (S44)
These parameters a and b are structure-specific, resulting in a total of 2 X 2 = 4 parameters.

2.2.1. Component-specific parameters
The component-specific parameters involved in the Ballard and Sloan are more involved and

are summarised in Table S5.

Table S5: Breakdown of hydrate-former dependent parameters’ source and number for the
Ballard and Sloan model. The total number of parameters is considered for n = 8 hydrate

formers



Description Number of Parameters Parameter

symbols

Kihara Potential Parameters 3n =24 a,, o, é
Compressibility of hydrate lattice Max of 2n — 14 for 8 K

formers in B&S
Repulsive constants for Cavity Max of 4n — 19 for 8 Ary
radius/coordination numbers formers in B&S
Guest molecular diameter n=38 D,
Total 65 -

While Ballard and Sloan only use one set of Kihara potential parameters across all cavities
and structures, the complexity comes from their description of hydrate volume
compressibility, which is former-specific, and the use of repulsive constants in calculating the

volume of the standard hydrate v, at T, and P,:

vo(x) = (ao * + Z N; Z f (Hi'])Ari,]) (S45)

where Ar; ; is the aforementioned repulsive constant for guest molecule J in hydrate cavity
type i. Each hydrate former can have up to four possible Ar parameters: for the sl small, sl
large, sll small, and sl large cavities that Ballard and Sloan consider, though in practice, no
hydrate former has more than three non-zero Ar parameters®. The function f(8; ;) is defined

for the 512 hydrate cage as:

(1416, _
(i) = #GXP[D] - D] (S46)
¥,

where D; is the molecular diameter of component J, D is the fractional occupancy average
molecular diameter of the guest molecules in the hydrate, and n; is the coordination number
of cavity i ( z;) per water molecule in the hydrate N,,. Here, D, incurs an additional set of

parameters per hydrate former considered.

The compressibility parameter k is used in the expression for the hydrate volume of Ballard

and Sloan, which is structure-dependent:

vy = voexplay (T — Tp) + ap (T — Tp)* + az(T — Tp)* — k(P — Pp)] (S47)



Thus, hydrate formers that can form both sl and sll hydrates (methane, ethane, CO,) will
have two parameters covering these structures, while formers such as propane, n-butane, i-
butane will have one. Thus, the maximum number of parameters associated is 2n for n
hydrate formers, while the actual parameter count will vary with the hydrate formers

considered.

2.3. Hielscher parameter breakdown
Table S6 summarises the universal/structure-dependent parameters for the Hielscher model.
As the cavity-based approach uses the Hielscher model as a base, it shares many similarities
in the universal parameters for the empty hydrate lattice. The key difference from Table S2 is
the removal of the multilayered shell description and the simplification of the reference

lattice parameters to be independent of the hydrate former.

Table S6: Breakdown of the number universal parameters and their source in the Hielscher et

al. hydrate model.

Description Number of Parameters Parameter

symbols

Reference Gibbs Energy and Enthalpy of 2 X 2 = 4 (2 per hydrate 950’ hvﬁvo

Empty Hydrate Lattice structure)

Thermal expansion of hydrate lattice 3 X2 =6(3perhydrate ay, a,, as
structure)

Compressibility of hydrate lattice 2 By, By’

Cavity radii and coordination numbers 24 for multilayered shell  R;, z;
(Table S4)

Total 36 -

2.3.1. Hydrate former specific parameters
Table S7 summarises the parameters that are dependent of the hydrate formers considered for

the Hielscher model.

Table S7: Breakdown of the number of hydrate former specific parameters and their source in
the Hielscher et al. model. The total number of parameters is considered for n = 8 hydrate

formers. It must be noted that the Hielscher et al. model also considers double occupancy of



hydrates, which adds a significant number of parameters; for fairness, these are excluded in

the comparisons in the main paper.

Description Number of Parameters Parameter
symbols
Kihara Potential Parameters 2 x 3n = 6n — excluding a. repeat: a,, o, é
5n =40
Reference Lattice Parameters 2 X n = 2n = 16 (n per hydrate ag]
structure)
Double occupancy 2 X 3n = 6n = 48 per hydrate 99 1"
Tvdw,]» Of o
parameters structure
Total without double 56 -
occupancy
Total with double 104 -
occupancy

The KPP sets are taken directly from Hielscher’s thesis®, which lists two independent sets of
KPPs specific to sl and sll hydrates. Given that a,. is kept constant between the two
€

structures, for parameters o; ; and ( ) for structure type i and hydrate former J yields a
B i,]
total of 5n parameters for n hydrate formers considered. When considering n = 8 hydrate

formers, this leads to a total of 40 parameters.

2.3.2. Double occupancy modelling
The extension of the Hielscher model to capture double occupancy of hydrate cavities in
Hielscher et al.” adds a significant amount of component-specific tuneable parameters. Each
hydrate former J has additional parameters 7,4y, ;, o/¢ and €/’ to account for the double-
occupancy contribution towards the fractional occupancy of the hydrate former, theta, ;.
Furthermore, these parameters are structure-specific as well, which results in an additional
total of 2 x 3n = 6n parameters for n hydrate formers considered. For n = 8 hydrate
formers, this leads to an additional 48 parameters associated with double occupancy

modelling.



3. Hydrate Equilibrium Database Tables

This section shows the breakdown of datasets use for training the new cavity-based hydrate
model and evaluating the model’s performance against unseen data. It also includes the
absolute average deviation of temperature (AADT) for each data set considered, including the
predictions from both CPA-Hydrates as implemented in MultiFlash 7.0 (CPAHYD-MF), and
Ballard and Sloan (B&S), as implemented in CSMGem 2007 (v1.1). Table S8 summarises

the basic nomenclature used for the "Phases’ column of the following database tables.

Table S8: Nomenclature of phase types used in Database Tables

Phase types Description

Lw Liquid water phase

H Hydrate phase

VvV Vapour phase

I Ice phase

LHC Liquid hydrocarbon phase

Accompanying these datasets are figures showcasing the hydrate equilibrium data from most
of the datasets (but not all of them). For visual clarity, only the model predictions from this
work and MultiFlash will be plotted on these figures alongside the experimental data as black
and red solid lines, respectively. Where applicable, distinct phases within a given dataset will
be represented with different linetypes e.g. solid, dashed, dotted etc.



3.1. Simple Hydrate Equilibria

3.1.1. CH, simple hydrate equilibria
Table S9: Database of CH,, simple hydrate equilibrium data, with comparison of the AADT of the cavity-based model against CPAHYD-MF and B&S. Data Types: "Tr" = Training Data; "Te" = Test Data.

Reference Phases AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) Tpin (K) Tmax (K) Pmin (MPa) P (MPa) N  Type
Adisasmito et al. (1991)8 Lw-H-V  0.106 0.105 0.109 273.4 286.4 2.68 10.57 11 Tr
Aghajanloo et al. (2020)° Lw-H-V  0.098 0.106 0.075 283.1 288.4 7.13 13.16 7 Tr
Blanc and Tournier-Lasserve (1990)° Lw-H-V  0.235 0.225 0.259 279.65 305.15 5 92 12 Te
Bottger et al. (2016)% Lw-H-V  0.117 0.055 0.125 274.19 285.14 2.945 8.895 13 Te
Chen et al. (2009)*? Lw-H-V  0.201 0.158 0.167 276.95 286.85 3.88 11.08 6 Te
Clarke and Bishnoi (2001)*3 Lw-H-V  1.023 0.945 1.042 274.65 281.15 3.187 7.487 21 Te
de Menezes et al. (2020)* Lw-H-V  0.393 0.786 0.324 281.01 305.26 55 100 11 Tr
de Roo et al. (1983)% Lw-H-V  0.212 0.184 0.186 273.3 286 2.69 10.04 9 Te
Deaton and Frost (1946)'6 Lw-H-V  0.066 0.132 0.060 273.7 285.9 2.77 9.78 13 Te
Deng et al. (1993)Y Lw-H-V  0.256 0.279 0.201 274.9 284.85 3 9 5 Te
Dickens et al. (1994)'8 Lw-H-V  0.154 0.186 0.154 276.1 285.4 3.45 9.58 7 Te
Dyadin and Aladko (1996)*° Lw-H-V  0.609 0.817 0.590 287 308.6 8 133 6 Te
Galloway et al. (1970)% Lw-H-V  0.188 0.193 0.272 283.2 288.7 7.1 13.11 4 Te
Gayet et al. (2005)% Lw-H-V  0.116 0.151 0.076 275.15 300.15 3.17 54.53 26 Tr
Guo et al. (1992)% Lw-H-V  0.106 0.105 0.109 273.4 286.4 2.68 10.57 11 Te
Hachikubo et al. (2002)% Lw-H-V  1.148 0.863 1.721 268.4 271.28 2.324 2.527 2 Te
Hu et al. (2017a)%* Lw-H-V  0.317 0.662 0.178 295.75 309.85 34.3 150.1 5 Te
Hu et al. (2017b)?® Lw-H-V  0.317 0.662 0.178 295.75 309.85 34.3 150.13 5 Te
Hutz and Englezos (1996) Lw-H-V  0.215 0.199 0.190 274.6 285.35 3.021 9.35 7 Te
Jager (2001)%" Lw-H-V  0.398 0.581 0.363 278.1 302.1 4.05 72.85 11 Tr
Jager and Sloan (2001)% Lw-H-V  0.312 0.371 0.309 291.86 303.48 20.19 72.26 12 Tr
Javanmardi et al. (2012)% Lw-H-V  0.159 0.240 0.155 274.7 282 3.05 6.29 7 Te
Jhaveri and Robinson (1965)3° Lw-H-V  0.211 0.232 0.162 273.2 294.3 2.65 28.57 8 Te
Kamari et al. (2017)% Lw-H-V  0.040 0.063 0.060 274.3 285.8 2.92 9.54 17 Tr
Kharrat and Dalmazzone (2003)% Lw-H-V  0.246 0.282 0.294 281.2 284 5.73 7.68 3 Te
Kobayashi and Katz (1949)% Lw-H-V  0.347 0.532 0.271 295.7 295.9 33.99 35.3 2 Te

Komai et al. (1997)% Lw-H-V  0.332 0.369 0.323 278.15 291.15 4.2 18.6 8 Te




Reference Phases  AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) Tnn (K) Thex (K)  Ppin (MPa) P, (MPa) N Type
Lafond et al. (2012)% Lw-H-V  0.050 0.074 0.084 279.72 285.2 5 9 5 Te
Lim et al. (2017)3¢ Lw-H-V  0.190 0.203 0.244 281.5 291.6 5.7 19.61 6 Te
Maekawa (2001)% Lw-H-V  0.107 0.114 0.145 274.2 288.2 2.9 12.6 30 Tr
Maekawa (2008a) Pure Water Lw-H-V/38 Lw-H-V  0.107 0.163 0.125 274.6 286.9 3 10.8 9 Tr
Marshall et al. 1964a% Lw-H-V  0.133 0.218 0.183 290.2 306.7 15.9 110.8 11 Tr
McLeod and Campbell (1961)* Lw-H-V  0.174 0.300 0.115 285.7 301.6 9.62 68.09 9 Te
Mohammadi et al. (2003)* Lw-H-V  0.243 0.175 0.251 278.85 278.85 4.72976 4.72976 1 Te
Mohammadi et al. (2005)* Lw-H-V  0.179 0.246 0.138 274.6 298.3 3.06 47.863 11 Te
Mu et al. (2018)* Lw-H-V  0.170 0.212 0.166 275.54 286.35 3.163 10.143 10 Tr
Nakamura et al. (2003)* Lw-H-V  0.012 0.066 0.054 274.25 285.78 2.92 9.54 17 Te
Nakano et al. (1999)% Lw-H-V  0.372 0.773 0.205 305.08 308.74 98 138 3 Te
Nixdorf and Oellrich (1997)*6 Lw-H-V  0.051 0.090 0.052 273.49 293.57 2.716 24.959 30 Tr
Ohgaki et al. (1996)* Lw-H-V  0.205 0.151 0.192 280.3 280.3 5.46 5.46 1 Te
Ohmura et al. (2002)* Lw-H-V  1.639 1.542 1.690 275 275 3.7 3.7 1 Te
Pahlavanzadeh et al. (2020)*° Lw-H-V  0.126 0.146 0.117 275.3 279.26 3.2 4.74 5 Tr
Roberts et al. (1940)%° Lw-H-V  0.200 0.184 0.123 280.9 286.7 5.847 10.8 3 Te
Saberi et al. (2018)> Lw-H-V  0.249 0.215 0.236 279 282.1 4.73 6.73 6 Te
Sabil et al. (2014)% Lw-H-V  0.671 0.662 0.590 280.15 288.65 5.55 15.29 9 Te
Sadeq et al. (2017)%3 Lw-H-V  0.464 0.489 0.383 279.45 292.95 5 25 6 Te
Sami et al. (2013)% Lw-H-V  0.405 0.363 0.368 279.9 283.56 5.25 7.98 4 Te
Servio and Englezos (2002)%® Lw-H-V  0.106 0.291 0.072 276.25 282.05 35 6.5 3 Te
Smelik a nd King (1997)% Lw-H-V  0.325 0.416 0.222 273 284.5 2.482 8.356 6 Te
Sun et al. (2018)%° Lw-H-V  0.071 0.070 0.042 280.9 289 5.7 14 9 Tr
Svartas and Fadnes (1992)%8 Lw-H-V  0.216 0.334 0.189 271.8 297.1 241 39.31 12 Te
Svartas and Fadnes (1992) 0.57 wt% MeOH Lw-H-V%  Lw-H-V  0.055 0.197 0.109 299.2 299.2 49.96 49.96 1 Te
Thakore and Holder (1987)%° Lw-H-V  0.484 0.435 0.469 274.35 281.2 2.87 6.1 7 Te
Verma (1974)50 Lw-H-V  0.176 0.219 0.190 275.2 291.2 3.02 18.55 7 Te
Ward et al. (2015)° Lw-H-V  0.067 0.075 0.042 276.29 285.57 3.53 9.38 8 Tr
Xiao et al. (2019)%? I-H-V 0.528 0.160 1.159 263.15 268.15 1.93 2.24 2 Tr
Lw-H-V  0.653 0.586 0.719 273.15 303.15 2.64 65.81 7 Tr
Xu et al. (2017)% Lw-H-V  0.094 0.122 0.119 285.65 291.65 9.5 20.1 4 Te
Yang et al. (2001)5 Lw-H-V  0.185 0.180 0.200 276.5 286.3 3.68 9.66 10 Tr
Yasuda and Ohmura (2008)%® I-H-V 0.512 0.717 0.388 244.2 272.9 0.971 2.543 17 Tr




Reference Phases  AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) Tnin (K) Thae (K) P (MPa)  Ppa, (MPa) N Type
Lw-H-V  0.190 0.355 0.074 272.9 2747 2.53 3.016 13 Tr
Training — 0.185 0.248 0.175 2442 306.7 0.971 110.8 256 —
Test — 0.298 0.335 0.286 268.4 309.85 2.324 150.13 2716 —
Overall — 0.244 0.293 0.233 244.2 309.85 0.971 150.13 532 —
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Figure S1: Selected hydrate equilibrium datasets (group 1) for simple CH, hydrates, along with the predictions from two models: the CaSH model (black) and the MultiFlash 7.0 CPA-Hydrates
(red). Datasets:% 131618
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3.1.2. C,H simple hydrate equilibria
Table S10: Database of C,H, simple hydrate equilibrium data, with comparison of the AADT of the cavity-based model against CPAHYD-MF and B&S. Data types: "Tr" = Training Data; "Te" = Test Data.

Reference Phases AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) Tpin (K) Tmax (K)  Poin (MPa)  Poac (MPa) N Type
Avlonitis (1988)%8 Lw-H-V 0.101 0.505 0.155 277.8 287.2 0.848 3.082 10 Tr
Clarke and Bishnoi (2001)*2 Lw-H-V 0.884 0.457 0.736 274.15 280.65 0.487 1.087 7 Te
de Menezes et al. (2020)' Lw-H-V 0.380 0.978 0.379 286.16 298.09 3 90 12 Tr
Deaton and Frost (1946)'6 Lw-H-V 0.078 0.358 0.061 273.7 286.5 0.503 2.73 20 Tr
I-H-V 0.108 1.016 0.476 263.6 272 0.313 0.457 4 Tr
Englezos and Bishnoi (1991)8° Lw-H-V 0.057 0.376 0.051 274.3 282.98 0.548 1.637 6 Te
Falabella and Vanpee (1974)™ I-H-V 2.757 0.537 0.308 200.8 240.8 0.0083 0.1013 5 Te
Galloway et al. (1970)% Lw-H-V 0.144 0.300 0.013 277.6 292.5 0.814 1.551 3 Te
Hashimoto et al. (2008)"* Lw-H-V 0.192 0.370 0.270 279.1 288.1 1.01 3.32 3 Tr
Holder and Grigoriou (1980)72 Lw-H-V 0.304 0.238 0.262 277.5 286.5 0.78 2.62 7 Te
Holder and Hand (1982)7 Lw-H-V 0.186 0.281 0.204 278.8 288.2 0.95 3.36 8 Te
Lw-H-V-LHC 0.603 0.266 0.687 288.3 288.3 3.33 3.33 2 Te
Long et al. (2010)7* Lw-H-V 0.187 0.230 0.144 280.1 285.6 111 2.32 5 Tr
Maekawa (2012)™ Lw-H-V 0.049 0.368 0.047 276.6 287.5 0.73 3.22 9 Tr
Matsui et al. (2010)7 Lw-H-V 0.096 0.325 0.033 274.15 284.15 0.53 1.913 3 Tr
Mohammadi and Richon (2010)""  I-H-V 0.315 0.750 0.414 262.5 272.2 0.29 0.462 4 Tr
Mohammadi et al. (2008a)"® Lw-H-V 0.323 0.112 0.214 275.2 282.1 0.6 14 3 Tr
Morita et al. (2000)" Lw-H-LHC 0.238 0.793 0.360 298.01 299.15 89 99 2 Te
Nakano et al. (1998a)%° Lw-H-LHC 0.205 0.549 0.347 290.42 298.36 19.48 83.75 26 Tr
Ng and Robinson (1985)8! Lw-H-LHC 0.135 0.359 0.149 288 290.6 3.33 20.34 8 Te
Ng et al. (1983)%2 Lw-H-V 0.115 0.374 0.148 288 290.63 3.33 20.34 8 Te
Nixdorf and Oellrich (1997)* Lw-H-V 0.141 0.271 0.075 273.68 287.61 0.499 3.244 15 Tr
Reamer et al. (1952)83 Lw-H-V 0.432 0.598 0.380 279.9 287.4 0.972 3.298 4 Te
Roberts et al. (1940)%° Lw-H-LHC 0.206 0.420 0.217 287.7 288.4 3.413 6.84 9 Te
Lw-H-V 0.349 0.758 0.401 273.4 287 0.545 3.054 11 Te
I-H-V 1.379 2.372 1.856 260.8 269.3 0.29 0.441 3 Te
Yasuda and Ohmura (2008)%® I-Lw-H-V* 0.438 0.343 0.061 267.2 275.9 0.359 0.658 21 Tr

Lw-H-V 0.245 0.074 0.084 273.9 275.7 0.508 0.637 2 Tr




Reference Phases AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) Tpin (K)  Thax (K)  Ppin (MP) P (MP2) N Type

I-Lw-H-V 0.702 0.182 0.129 273.1 273.1 0.463 0.463 1 Tr
I-H-V 0.517 0.402 0.388 244.9 271.9 0.122 0.443 10 Tr
Training — 0.237 0.458 0.197 244.9 298.36 0.122 90 148 —
Test — 0.477 0.513 0.342 200.8 299.15 0.0083 99 83 —
Overall — 0.366 0.518 0.292 200.8 299.15 0.0083 99 231 —
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Figure S8: Selected hydrate equilibrium datasets (group 1) for simple ethane hydrates, along with the predictions from two models: the CaSH model (black) and the MultiFlash 7.0 CPA-Hydrates
(red). Datasets; 1316.20.68-70
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Figure S10: Selected hydrate equilibrium datasets (group 3) for simple ethane hydrates, along with the predictions from two models: the CaSH model (black) and the MultiFlash 7.0 CPA-
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Figure S11: Selected hydrate equilibrium datasets (group 4) for simple ethane hydrates, along with the predictions from two models: the CaSH model (black) and the MultiFlash 7.0 CPA-

Hydrates (red). Datasets;1446:50.65.83
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3.1.3. CO, simple hydrate equilibria
Table S11: Database of simple CO, hydrate equilibrium data, with comparison of the AADT of the cavity-based model against CPAHYD-MF and B&S. Data types: "Tr" = Training Data; "Te" = Test Data.

Reference Phases AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) Toin (K) Tmax (K)  Poin (MPa)  Poac (MPa) N Type
Adisasmito et al. (1991)8 Lw-H-V 0.159 0.173 0.102 274.3 282.9 142 4.37 9 Tr
Chen et al. (2009)*? Lw-H-V 0.181 0.222 0.045 275.25 279.85 1.59 2.86 4 Te
Chima-Maceda et al. (2019)%* Lw-H-V 0.108 0.090 0.255 276.22 282.54 1.74 4.09 5 Tr
Dai et al. (2020)%° Lw-H-V 0.117 0.093 0.334 275.65 283.25 1.616 4.452 11 Tr
de Menezes et al. (2020)% Lw-H-V 0.081 0.694 0.199 283.7 288.45 9.8 80 8 Tr
Deaton and Frost (1946)6 Lw-H-V 0.145 0.158 0.137 273.7 282.9 1.324 4.323 19 Te
Dholabhai et al. (1993)8 Lw-H-V 0.112 0.154 0.032 273.8 279 1.34 2.52 4 Te
Fan and Guo (1999)% LHC-H-Lw 0.713 0.791 0.400 283.1 283.6 9.32 12.87 3 Te
Fan and Guo (1999)% Lw-H-V 0.194 0.196 0.142 273.6 282 131 4.02 9 Te
Fan et al. (2000)® Lw-H-LHC 0.286 0.269 0.124 283.33 283.36 5.97 7.35 2 Te
Fan et al. (2000)88 Lw-H-V-LHC 0.090 0.011 0.385 283.27 283.27 4.48 4.48 1 Te
Fan et al. (2000)%8 Lw-H-V 0.184 0.174 0.363 274.7 282.5 15 4.01 13 Te
Ferrari et al. (2016)%° Lw-H-V 0.023 0.046 0.242 275.65 281.65 1.65 35 5 Te
Hachikubo et al. (2002)% Lw-H-V 0.176 0.181 0.198 273.93 278.05 1.349 2.204 4 Te
Hachikubo et al. (2002)% I-H-V 0.778 0.224 0.214 263.17 271.23 0.774 1.029 3 Te
Ilani-Kashkouli et al. (2016)%° Lw-H-V 0.075 0.091 0.294 279.3 283.3 2.57 4.45 4 Tr
Jarrahian and Nakhaee (2019)% Lw-H-V 0.059 0.089 0.125 274.15 280.15 1.39 291 7 Te
Kamari et al. (2017)3! Lw-H-V 0.211 0.229 0.123 277.2 281.9 2.04 3.69 4 Tr
Khan et al. (2017) Lw-H-V 0.392 0.388 0.687 277.4 283 1.85 3.95 5 Tr
Komai et al. (1997)% Lw-H-V 0.722 0.709 1.009 278.15 283.05 19 4.1 3 Te
Larson (1955)% Lw-H-V 0.225 0.157 0.240 271.8 283.2 1.048 4.502 36 Te
Lee et al. (2012)% Lw-H-V 0.239 0.281 0.126 274 278 141 2.23 2 Tr
Maekawa (2010)% Lw-H-V 0.173 0.184 0.136 273.6 283.1 1.33 4.54 13 Tr
Mannar et al. (2017)% Lw-H-V 0.205 0.208 0.473 276.65 282.7 1.87 3.78 5 Tr
Matsui et al. (2010)7 Lw-H-V 0.065 0.080 0.109 274.15 279.15 1.385 2.543 2 Tr
Melnikov et al. (2011)%7 Lw-H-V 0.170 0.153 0.249 273.3 280.2 1.25 2.95 6 Tr
Mohammadi (2018)% Lw-H-V 0.101 0.077 0.298 277.8 281.9 21 3.67 6 Tr
Mohammadi and Richon (2011)%° I-H-V 0.860 0.433 0.160 260.2 270.7 0.682 1.003 5 Tr




Reference Phases AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) Tpin (K)  Thax (K)  Ppin (MP2) P (MP2) N Type
Mohammadi et al. (2005)* Lw-H-V 0.109 0.091 0.242 277.5 282.5 2.048 4.02 6 Tr
Nema et al. (2017)1% Lw-H-V 0.194 0.111 0.059 271.65 275.75 1.056 1.708 7 Tr
Ng and Robinson (1983)8? Lw-H-LCO2 0.575 0.605 0.213 282.92 283.93 5.03 14.36 6 Tr
Ng and Robinson (1983)%2 Lw-H-V 0.402 0.375 0.068 279.59 282.79 2.74 4.36 3 Tr
Ohgaki et al. (1993)101 H-Lw-LHC 1.337 1.312 1.032 281.14 283.59 4.386 8.93 8 Te
Ohgaki et al. (1993)101 Lw-LHC-V 2191 2.231 2.552 283.07 289.37 4.485 5.216 10 Te
Ohgaki et al. (1993) Lw-H-V 0.630 0.653 0.444 273.36 281.79 1.338 4.085 32 Te
Ohgaki et al. (1996)* Lw-H-V 0.354 0.371 0.030 280.3 280.3 3.04 3.04 1 Te
Robinson and Mehta (1971)02 Lw-H-V-LHC 0.044 0.034 0.430 283.3 283.3 4.468 4.468 1 Te
Robinson and Mehta (1971)10? Lw-H-V 0.149 0.147 0.136 273.9 282 1.379 3.84 6 Te
Ruffine and Trusler (2010)%3 Lw-H-V 0.205 0.210 0.337 275.03 282.76 1.502 4.079 10 Tr
Ruffine and Trusler (2010)%3 Lw-H-LHC 0.303 0.391 0.298 283.25 286.76 5.993 46.575 3 Tr
Ruffine and Trusler (2010)!% Lw-H-V-LHC 0.441 0.366 0.030 282.85 282.85 4.43 4.43 1 Tr
Sabil et al. (2010)04 Lw-H-V 0.189 0.156 0.425 275.12 282.9 151 4.3 10 Tr
Sabil et al. (2014)% Lw-H-V 0.166 0.153 0.276 272.65 281.45 11 3.38 11 Tr
Sami et al. (2013)% Lw-H-V 0.209 0.206 0.265 276.7 281.57 1.82 3.76 5 Te
Seif et al. (2018)% Lw-H-V 0.532 0.497 0.296 280.3 283.1 321 4.54 2 Te
Seo et al. (2000)% Lw-H-V 0.177 0.206 0.051 274.76 281.46 15 35 4 Tr
Servio et al. (2001)7 Lw-H-V 1.613 2.933 3.039 277.05 283.15 2 4.2 9 Te
Sun et al. (2016)1%8 Lw-H-V 0.119 0.166 0.082 276.15 278.15 1.747 2.296 9 Tr
Takenouchi and Kennedy (1965)!°  Lw-H-LHC 0.175 0.399 0.126 283.2 289.2 45 88.1 9 Te
Unruh and Katz (1949)%0 Lw-H-V-LHC 0.291 0.214 0.187 283.1 283.1 4.502 4.502 1 Te
Unruh and Katz (1949)° Lw-H-V 0.206 0.225 0.129 277.2 281.9 2.041 3.689 4 Te
Vlahakis et al. (1972)! Lw-H-V 0.192 0.119 0.155 271.6 283.2 1.04 4.509 4 Tr
Wendland et al. (1999)!? Lw-H-V 0.161 0.173 0.115 273.93 282.16 1.365 3.85 7 Te
Yasuda and Ohmura (2008)% I-H-V 0.675 0.132 0.489 2445 269.4 0.364 0.963 10 Tr
Yasuda and Ohmura (2008)%® Lw-H-V 0.156 0.119 0.222 273.8 275.7 1.312 1.628 2 Tr
Yasuda and Ohmura (2008)% I-Lw-H-V* 0.884 0.466 0.392 267.8 275 0.899 1.501 21 Tr
Yasuda and Ohmura (2008)% I-Lw-H-V 1.567 0.815 0.482 271.7 271.7 1.03 1.03 1 Tr
Yoon and Lee (1997)13 Lw-H-V 0.101 0.064 0.329 275.4 282.4 1.56 3.89 4 Te
Yu et al. (2016)14 Lw-H-V 0.158 0.184 0.076 275.7 279.7 1.641 2.761 5 Tr
Zhaetal. (2012)15 Lw-H-V 0.071 0.078 0.264 274.42 282.83 1.47 4.15 5 Tr
Training — 0.285 0.220 0.246 2445 288.45 0.364 80 243 —



Reference Phases AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) Tpin (K)  Thax (K)  Ppin (MP2) P (MP2) N Type

Test — 0.470 0.524 0.511 263.17 289.37 0.774 88.1 212 —
Overall — 0.371 0.362 0.370 2445 289.37 0.364 88.1 455 —
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Figure S12: Selected hydrate equilibrium datasets (group 1) for simple CO, hydrates, along with the predictions from two models: the CaSH model (black) and the MultiFlash 7.0 CPA-Hydrates
(red). Datasets:®1216.84-86
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Figure S13: Selected hydrate equilibrium datasets (group 2) for simple CO, hydrates, along with the predictions from two models: the CaSH model (black) and the MultiFlash 7.0 CPA-Hydrates
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Figure S18: Selected hydrate equilibrium datasets (group 7) for simple CO, hydrates, along with the predictions from two models: the CaSH model (black) and the MultiFlash 7.0 CPA-Hydrates
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Figure S19: Selected hydrate equilibrium datasets (group 8) for simple CO, hydrates, along with the predictions from two models: the CaSH model (black) and the MultiFlash 7.0 CPA-Hydrates

(red). Datasets; 4113115
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3.1.4. C3Hg simple hydrate equilibria
Table S12: Database of C3Hg simple hydrate phase equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types: *Tr’ = Training data; *Te’ = Test data. In the phases type, I-Lw-H-V* refers to

measurements very close to the quadruple point (just above or below in temperature)

Reference Phases AADT (K) MF AADT (K) CSMGem AADT (K) Tunin (K)  Thax (K)  Ppin (MPa)  Ppo (MPa) N Type
Holder and Godbole (1982)7 I-H-V 1.104 0.673 2.406 247.9 262.1 0.0482 0.0994 8 Tr
Kubota et al. (1984)16 Lw-H-V 0.190 0.219 0.185 274.2 2784 0.207 0.542 9 Te
Maekawa (2008) Pure Water! Lw-H-V 0.181 0.201 0.202 274.2 278.1 0.211 0.509 12 Tr
Mohammadi et al. (2008a)™® Lw-H-V 0.335 0.364 0.096 274.6 278.3 0.22 0.5 3 Te
Mooijer-van den Heuvel et al. (2002)18  Lw-H-V 0.264 0.297 0.144 276.77 278.55 0.368 0.547 9 Tr
Lw-H-V-LHC 0.288 0.376 0.117 278.62 278.62 0.6 0.6 1 Tr
Lw-H-LHC 0.536 0.569 0.023 278.71 278.89 0.643 9.893 17 Tr
Nixdorf and Oellrich (1997)4 Lw-H-V 0.071 0.103 0.337 273.55 278.52 0.186 0.567 10 Tr
Patil (1987)11° Lw-H-V 0.144 0.170 0.443 273.6 278 0.207 0.51 5 Te
Reamer et al. (1952)83 Lw-H-V 0.163 0.181 0.448 274.3 277.2 0.241 0.414 3 Te
Lw-H-LHC 0.382 0.457 0.076 278.6 278.8 0.684 2.046 3 Te
Robinson and Mehta (1971)? Lw-H-V 0.298 0.312 0.093 274.3 277.8 0.207 0.455 4 Te
Lw-H-V-LHC 0.606 0.674 0.504 278.9 278.9 0.552 0.552 1 Te
Thakore and Holder (1987)%° Lw-H-V 0.242 0.253 0.255 274.2 278.2 0.217 0.51 7 Te
Verma (1974)50 Lw-H-V,Lw-H-LHC 0.265 0.282 0.122 273.9 278 0.188 0.512 8 Tr
Lw-H-V-LHC 0.317 0.298 0.336 278.4 278.6 0.562 16.8 5 Te
Yasuda and Ohmura (2008)% I-H-V 1.047 0.598 2.310 245 272.1 0.041 0.1627 10 Tr
Lw-H-V 0.217 0.215 0.191 273.9 2755 0.194 0.28 2 Tr
I-Lw-H-V* 0.360 0.254 0.851 267.8 276 0.131 0.309 25 Tr
I-Lw-H-V 0.490 0.351 0.277 273.2 273.2 0.17 0.17 1 Tr
Training — 0.447 0.358 0.707 245 278.89 0.041 9.893 103 —
Test — 0.254 0.275 0.252 273.6 278.9 0.207 16.8 40 —

Overall — 0.393 0.335 0.580 245 278.9 0.041 16.8 143 —
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3.1.5. N, simple hydrate equilibria

Table S13: Database of N, simple hydrate equilibrium data, with comparison of the AADT of the cavity-based model with CPAHYD-MF and B&S. Data types: *Tr’ = Training Data; Te’ = Test Data.

Reference Phases  AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) Tomin (K) Tmax (K)  Pmin (MPa)  Poar (MP2) N Type
Jarrahian and Nakhaee (2019)% Lw-H-V  0.124 0.187 0.067 274.15 280.15 17.95 3291 7 Tr
Jhaveri and Robinson (1965)3° Lw-H-V  0.190 0.206 0.164 273.2 281.1 16.27 35.16 8 Tr
Lee et al. (2014)%° Lw-H-V  0.304 0.283 0.326 273 2775 16.13 239 7 Tr
Marshall et al. (1964)% Lw-H-V  0.133 0.325 0.097 277.6 291.6 24.93 101.98 4 Te
Mohammadi and Richon (2010)"7  I-H-V 0.301 1.029 1.143 261.7 270.2 11.25 13.8 6 Tr
Mohammadi et al. (2003)* Lw-H-V  0.262 0.371 0.171 274.55 283.05 19.093 45.355 3 Te
Nixdorf and Oellrich (1997)* Lw-H-V  0.047 0.023 0.083 273.67 277.27 16.935 24.092 5 Te
Sugahara et al. (2002)?! Lw-H-V  0.654 0.134 0.473 285.63 291.96 55 101 5 Te
van Cleeff and Diepen (1960)*2  Lw-H-V  0.301 1.029 1.143 261.7 270.2 11.25 13.8 6 Tr
Yasuda et al. (2013) I-H-V1% I-H-V 0.454 2.157 1.960 244.05 266.55 7.151 12.613 7 Tr
Training — 0.221 0.520 0.391 244.05 291 7.151 95.86 73 —
Test — 0.284 0.188 0.217 273.67 291.96 16.935 101.98 17 —

Overall — 0.233 0.457 0.358 244.05 291.96 7.151 101.98 90 —
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3.1.6. H,S simple hydrate equilibria

Table S14: Database of H,S simple hydrate equilibrium data, with comparison of the AADT of the cavity-based model with CPAHYD-MF and B&S. Data types: *Tr’ = Training Data; *Te’ = Test Data.

Reference Phases AADT (K) MF AADT (K) CSMGem AADT (K) Tunin (K)  Thax (K)  Ppin (MPa) P, (MPa) N Type
Adeniyi et al. (2018)1* Lw-H-V 0.338 0.323 0.379 285.23 302.44 0.36 2.234 14 Tr
Lw-H-LHC 1.351 0.138 0.074 302.72 304.04 2401 16.343 13 Te
Bond and Russell (1949)125 Lw-H-V 0.805 0.773 0.854 283.2 302.7 0.31 2.241 4 Te
Carroll and Mather (1991)26 LHC-H-V 1.241 2.818 1.818 298 302.6 2.03 2.24 19 Te
Lw-H-V 1.105 1.122 1.161 298.6 300.8 161 2.07 13 Te
Mahadev and Bishnoi (1999)'?7  Lw-H-V 0.113 0.302 0.449 284.57 293.75 0.329 0.804 3 Tr
Mohammadi et al. (2009b)*% Lw-H-V 0.156 0.484 0.634 277.7 301.3 0.164 1.861 19 Tr
Selleck et al. (1952)1%° I-Lw-H-V 1.811 0.563 0.365 272.8 272.8 0.093 0.093 2 Te
Lw-H-V 0.509 0.435 0.511 272.8 302.1 0.093 2.068 12 Te
Lw-H-V-LH2S 1.046 0.114 0.140 302.7 302.7 2.239 2.239 6 Te
I-H-V 1.069 0.224 1.581 250.5 272.1 0.034 0.09 9 Te
Lw-H-LH2S 1.608 0.055 0.134 302.8 305.4 3.447 35.068 15 Te
Ward et al. (2015)%* Lw-H-V 0.199 0.204 0.398 273.68 301.53 0.1078 1.9598 61 Tr
Training — 0.208 0.279 0.443 273.68 302.44 0.1078 2.234 97 —
Test — 1.166 0.891 0.838 250.5 305.4 0.034 35.068 93 —

Overall — 0.677 0.455 0.636 250.5 305.4 0.034 35.068 190 —
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3.1.7. i-C4H;, simple hydrate equilibria
Table S15: Database of i-C,H;, simple hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types: *Tr’ = Training
data; *Te’ = Test data.

Reference Phases AADT (K) MF AADT (K) CSMGem AADT (K) T,in (K) Thax (K) Ppin (MPa) P, (MPa) N Type
Holder and Godbole (1982)"®  I-H-V 1.999 0.768 1.456 241.4 269.5 0.0176 0.0913 10 Te
Rouher and Barduhn (1969)**!  Lw-H-V 0.114 0.238 0.170 273.2 275 0.115 0.169 24 Tr
Schneider and Farrar (1968)*%2  1-H-V 0.545 0.599 0.557 271.2 275.1 0.095 0.109 7 Tr
Lw-H-V 0.060 0.152 0.094 273.2 275.1 0.109 0.167 10 Tr
Thakore and Holder (1987)%*°  Lw-H-V 0.368 0.336 0.345 274.35 274.6 0.128 0.155 3 Tr
Wu et al. (1976)*%3 Lw-H-LHC 0.330 0.094 0.261 275.4 275.8 0.226 14.27 6 Tr
Training — 0.205 0.260 0.230 271.2 275.8 0.095 14.27 50 —
Test — 1.999 0.768 1.456 2414 269.5 0.0176 0.0913 10 —

Overall — 0.504 0.345 0.435 241.4 275.8 0.0176 14.27 60 —
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3.2. Binary-gas-hydrate equilibria
In these tables, two new columns, x; i and x4 .4, are introduced, representing the range of the gaseous composition of component 1 for the binary-gas hydrate equilibrium data measured in the

given reference. In all tables, the first component in the caption is component 1, and the second is component 2, where x; + x, = 1 for the water-free composition.

As some datasets are measured at fixed pressures and temperatures with varying gas composition, only those datasets that have a fixed gas composition with at least 3 measured PT points are

plotted.

3.2.1. CH, + C5Hg binary- gas mixture hydrate equilibria
Table S16: Database of CH, and C;Hg binary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types: *Tr’ = Training data; *Te’ = Test data.

Reference Phases Structure  AADT (K) MF AADT (K) CSMGem AADT (K) T (K)  Thax (K)  Ppin (MP3)  Priay (MP2)  Ximin X1max N Type
Deaton and Frost (1946)'6 Lw-H-V I 0.163 0.248 0.37544 274.8 283.2 0.272 4.358 0.3620 0.9900 25 Tr
Hemmingsen et al. (2011)134 Lw-H-V | 0.292 0.220 0.413667 279.95 297.55 112 13.36 0.8813 0.8813 3 Tr
McLeod and Campbell (1961)*°  Lw-H-V | 0.141 0.248 0.650235 290.5 304.9 6.93 68.98 0.9450 0.9650 17 Tr
Nixdorf and Oellrich (1997)4 Lw-H-V I 0.812 1.024 0.288286 278.09 297.53 1.416 24.363 0.9707 0.9707 7 Tr
Ovalle and Beltran (2021)*35 Lw-H-V I 0.529 0.818 0.35125 276.62 287.25 0.72 4.46 0.9000 0.9800 12 Te
Paranjpe et al. (1987)%36 Lw-H-V-LHC I 0.336 0.117 0.210667 279.2 281.2 0.674 0.832 0.0100 0.1110 3 Tr
Smith et al. (2017)% Lw-H-V I 0.363 0.325 1.30115 278.45 295.35 2.36 16.75 0.9597 0.9948 20 Tr
Thakore and Holder (1987)%° Lw-H-V I 0.306 0.415 0.381179 275.15 278.15 0.245 1.306 0.0210 0.9560 28 Te
Verma et al. (1974)%° Lw-H-V | 0.151 0.110 0.12525 274.4 282.3 0.263 0.945 0.0072 0.6510 12 Tr
Lw-H-V-LHC 1 0.379 0.598 0.360617 279.6 300.2 0.66 17.49 0.0072 0.6510 60 Te
Training — — 0.266 0.304 0.596 274.4 304.9 0.263 68.98 0.0072 0.9948 87 —
Test — — 0.377 0.573 0.365 275.15 300.2 0.245 17.49 0.0072 0.9800 100 —

Overall — — 0.325 0.448 0.472631 274.4 304.9 0.245 68.98 0.0072 0.9948 187 —
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3.2.2. CH, + C,Hg binary-gas mixture hydrate equilibria

Table S17: Database of CH, and C,H, binary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types: *Tr’ = Training data; *Te’ = Test data.

Reference Phases  Structure AADT (K) MFAADT (K) CSMGem AADT (K) T (K)  Thax (K)  Ppin (MP2)  Prgy (MP8)  Xymin X1max N Type
Bruusgaard et al. (2010)*38 Lw-H-V I 0.118 0.648 0.249 275.3 281.1 141 2.65 0.3030 0.8390 5 Te
Lw-H-V | 0.452 0.231 0.239 275.1 281.2 0.69 1.92 0.3030 0.8390 11 Te
Deaton and Frost (1946)1® Lw-H-V 1l 0.329 0.213 0.285 274.8 283.2 1.524 6.088 0.5640 0.1018 20 Tr
Lw-H-V | 0.027 0.303 0.393 274.8 283.2 0.945 2.434 0.5640 0.1018 4 Tr
Hashimoto et al. (2008)™ Lw-H-V | 0.339 0.186 0.170 279.1 288.1 1.12 12.3 0.1020 09910 21 Te
Lw-H-V 1l 0.358 0.795 0.411 279.1 288.1 1.89 11.9 0.1020 0.9910 34 Te
Holder and Grigoriou (1980)7 Lw-H-V | 0.235 0.244 0.242 279.4 287.8 0.99 3.08 0.0160 0.1770 15 Tr
Hu et al. (2018)*3 Lw-H-V I 0.207 1.197 0.709 299.05 304.25 33.7 68 0.7470 0.7470 3 Te
Maekawa (2001)% Lw-H-V 1l 0.141 0.526 0.229 275.4 289.6 17 111 0.9020 0.1019 48 Te
Lw-H-V | 0.094 0.104 0.083 283.1 285.4 6.9 8.9 0.9020 0.1019 4 Te
McLeod and Campbell (1961)*° Lw-H-V I 0.514 1.252 0.684 284.9 304.1 6.93 68.57 0.8090 0.9460 14 Tr
Lw-H-V | 0.611 1.041 0.089 301.2 302 62.23 68.43 0.8090 0.9460 2 Te
Nixdorf and Oellrich (1997)* Lw-H-V I 0.270 0.411 0.152 278.21 295.52 2.254 23.1101 0.9047 0.9047 8 Tr
Subramanian et al. (2000)4° Lw-H-V I 0.581 0.057 0.817 274.2 274.2 0.1016 1.448 0.5810 0.9180 3 Te
Lw-H-V 1| 0.490 0.042 0.604 274.2 274.2 0.883 0.972 0.5810 0.9180 3 Tr
Training — — 0.329 0.470 0.367 274.2 304.1 0.883 68.57 0.0160 0.9460 64 —
Test — — 0.272 0.521 0.286 2742 304.25 0.1016 68.43 0.1020 0.9910 131 —

Overall — — 0.289 0.504 0.313 334.2 304.25 0.69 68.57 0.0160 0.9910 195 —
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Figure S27: Selected hydrate equilibrium datasets CH, + C,H, binary-gas mixture hydrates, along with the predictions from two models: the CaSH model (black) and the MultiFlash 7.0 CPA-
Hydrates (red). Datasets:*0-"1.72141



Figure S28: Selected hydrate equilibrium datasets CH, + C,H, binary-gas mixture hydrates, along with the predictions from two models: the CaSH model (black) and the MultiFlash 7.0 CPA-

Hydrates (red). Datasets:3740:46.139
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3.2.3. C,H¢ + C5Hg binary-gas mixture hydrate equilibria
Table S18: Database of C,H, + C5Hg binary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types:
Tr’ = Training data; *Te’ = Test data.

Reference Phases Structure AADT MF AADT CSMGem AADT  T,n Tmax Pmin Pmax Ximin Ximax N Type
(K) (K) (K) (K) (K) (MPa) (MPa)
Holder (1976)4? Lw-H-V I 0.383 0.251 0.130 273.43 277.87 0.441 1.158 0.2800 0.8570 36 Te
Lw-H-V I 0.404 0.199 0.306 273.04 28321  0.538 2.027 0.2800 0.8570 24 Te
Holder and Hand (1982)" Lw-H-V- I 0.450 0.205 0.336 273.4 285.3 0.49 2.03 0.1680 0.8570 25 Te
LHC
Lw-H-V I 0.698 0.437 0.550 273.1 284.5 0.54 7.28 0.1680 0.8570 11 Te
Lw-H-V I 0.397 0.302 0.118 273.9 278.6 0.44 2.79 0.1680 0.8570 37 Tr
Jager (2001)*" Lw-H-V I 0.135 0.154 0.239 276.8 278.2 0.55 0.76 0.2964 0.2964 7  Te
Mooijer-van den Heuvel Lw-H-V 1 0.380 0.396 0.075 277.03 27817  0.54 0.67 0.2990 0.2990 5 Tr
(2004)14
Nixdorf and Oellrich (1997)*¢  Lw-H-V I 0.578 0.150 0.485 276.66 28332  0.825 1.936 0.8515 0.8515 6  Te
Training — — 0.395 0.313 0.113 273.9 278.6 0.44 2.79 0.1680 0.8570 42 —
Test — — 0.430 0.236 0.285 273.04 2853 0.441 7.28 0.1680 0.8570 109 —

Overall — — 0.420 0.257 0.237 273.04  285.3 0.44 7.28 0.1680 0.8570 151 —




Figure S29: Selected hydrate equilibrium datasets C,H, + C3;Hg binary-gas mixture hydrates, along with the predictions from two models: the CaSH model (black) and the MultiFlash 7.0 CPA-

Hydrates (red). Datasets;2’46.73.142.143
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3.2.4. CH, + CO, binary-gas mixture hydrate equilibria

Table S19: Database of CH, + CO, binary-gas mixture hydrate equilibrium datam with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types: *Tr’ = Training data; *Te’ = Test data.

Reference Phases  Structure AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) T (K)  Thgx (K)  Prin (MP8)  Prgy (MPR) X1 X1max N Type
Adisasmito et al. (1991)8 Lw-H-V | 0.148 0.088 0.164 273.7 287.6 1.45 10.95 0.1500 0.9200 42 Tr
Belandria et al. (2010)44 Lw-H-V | 0.561 0.631 0.548 279.1 289.9 2.96 13.06 0.2700 0.7360 11 Te
Belandria et al. (2011a)4° Lw-H-V | 0.346 0.238 0.360 273.6 285.5 151 8.27 0.0570 0.7940 49 Te
Belosludov et al. (2018)16  Lw-H-V | 3.012 2.942 2.294 273 277 1.06 3.09 0.3000 0.7000 6 Te
Beltran and Servio (2008)'47  Lw-H-V | 1.122 1.260 1.025 275.14 285.34 1.92 7.47 0.5450 0.8690 23 Te
Bruusgaard et al. (2010)**¢  Lw-H-V | 0.040 0.093 0.197 274.02 280.12 1.66 4.03 0.3320 0.7970 12 Tr
Chapoy et al. (2015)148 Lw-H-V | 0.455 0.375 0.308 276 286.95 1.82 19.97 0.0590 0.0590 7 Te
Fan and Guo (1999) Lw-H-V | 0.842 0.759 0.760 2735 282.3 11 4.8 0.0348 0.0348 9 Tr
Fan et al. (2019)4° Lw-H-V | 0.249 0.236 0.233 278.68 286.46 4.33 10.06 0.9200 0.9200 5 Tr
Hachikubo et al. (2002)% Lw-H-V | 1.162 1.027 1.493 271.25 271.41 1.271 2.022 0.2300 0.7500 3 Te
Herri et al. (2011)%° Lw-H-V | 0.223 0.108 0.367 277.15 277.15 2.36 3.55 0.3600 0.8900 4 Tr
Kastanidis et al. (2017)%! Lw-H-V | 1.284 1.163 1.369 2743 289.2 2.63 12.55 0.7190 0.7506 15 Te
Khan et al. (2019)*52 Lw-H-V | 0.129 0.152 0.078 275.2 285 1.98 6.52 0.5000 0.5000 4 Tr
Le Quang et al. (2016)*5° Lw-H-V | 0.181 0.115 0.245 275.35 282.65 291 5.63 0.7750 0.8800 14 Tr
Lee et al. (2012)% Lw-H-V | 0.107 0.101 0.235 274 278 1.53 3.65 0.1920 0.8910 12 Tr
Legoix et al. (2018)% Lw-H-V | 0.345 0.358 0.133 280.92 284.97 341 6.206 0.1004 0.1004 3 Tr
Mu et al. (2018)*3 Lw-H-V | 0.068 0.122 0.005 279.9 286.37 3.381 7.935 0.4974 0.4974 6 Tr
Obanijesu et al. (2014)15° Lw-H-V | 5.085 5.011 4.946 282.95 286.65 10 20 0.7800 0.7800 5 Te
Ohgaki et al. (1996)* Lw-H-V | 0.076 0.193 0.038 280.3 280.3 3.24 4.99 0.3170 0.9350 29 Te
Partoon et al. (2016)% Lw-H-V | 0.644 0.763 0.689 281.35 284.65 3.25 5.32 0.2990 0.2990 3 Tr
Sabil et al. (2014)52 Lw-H-V | 0.747 0.800 0.757 280.35 287.95 2.76 11.28 0.2751 0.2751 5 Te
Sadeq et al. (2017)% Lw-H-V | 0.343 0.379 0.364 280.55 293.95 5 25 0.8000 0.9000 18 Te
Seo et al. (2000)10 Lw-H-V | 0.363 0.357 0.253 272.66 283.56 15 5 0.0959 0.8146 19 Tr
Servio et al. (1999)% Lw-H-V | 0.374 0.387 0.416 2735 283.1 1.78 5.07 0.4653 0.8756 17 Tr
Shi et al. (2014)158 Lw-H-V | 0.253 0.160 0.212 280.9 286.8 4.07 8.55 0.5000 0.5000 6 Tr
Sun et al. (2016)%8 Lw-H-V | 0.043 0.064 0.053 276.15 278.15 1.772 2.288 0.0490 0.0505 9 Tr
Unruh and Katz (1949)1° Lw-H-V | 0.292 0.345 0.326 2755 285.7 1.99 7 0.2900 0.9450 17 Tr

Zang and Liang (2017)%° Lw-H-V | 0.197 0.328 0.146 278.2 284.1 2.76 5.61 0.5000 0.5000 5 Tr




Reference Phases  Structure AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) T (K)  Thgx (K)  Prin (MP2)  Prgy (MPR) X100 X1max N Type

Zhang et al. (2016)6° Lw-H-V | 0.109 0.078 0.272 273.7 276.4 1.45 3.1 0.2100 0.9100 6 Tr
Training — — 0.238 0.226 0.256 272.66 287.6 11 10.95 0.0348 0.9450 193 —
Test — — 0.763 0.760 0.727 271.25 293.95 1.06 25 0.0570 0.9350 171 —
Overall — — 0.556 0.477 0.477 271.25 293.95 1.06 25 0.0355 0.9450 364 —
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Figure S30: Selected hydrate equilibrium datasets CH,, + CO, binary-gas mixture hydrates, along with the predictions from two models: the CaSH model (black) and the MultiFlash 7.0 CPA-
Hydrates (red). Datasets:8144.145148
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3.2.5. C,H¢ + CO, binary-gas mixture hydrate equilibria

Table S20: Database of C,H, + CO, binary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types:

Tr’ = Training data; *Te’ = Test data.

Reference Phases  Structure AADT CPAHYD-MF AADT  B&S AADT Tonin Tax Pmin Pnax Ximin Ximax N Type
(K) (K) (K) (K) (K) (MPa) (MPa)

Adisasmito and Sloan Lw-H- | 0.213 0.406 0.409 273.5 287.8 0.5654 4.0817 0.0330 0.8110 40 Te

(1992)%61 \Y

Fan and Guo (1999)% Lw-H- | 0.456 0.571 0.109 276 282.7 1.58 3.9 0.0531 0.0531 5 Te
\%

Matsui et al. (2010) Lw-H- | 0.284 0.652 0.100 27415  284.15 0.545 5.68 0.0210 0.9560 54 Te
Vv

Overall/Test — — 0.264 0.549 0.145 273.5 287.8 0.545 5.68 0.0210 0.9560 99 —

3.2.6. C3Hg + CO, binary-gas mixture hydrate equilibria

Table S21: Database of C;Hg + CO, binary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types:

"Tr’ = Training data; *Te’ = Test data.

Reference Phases  Structure AADT MF AADT CSMGem AADT Tonin Tomax Pomin Ponax X1min Ximax N Type
(K) (K) (K) (K) (K) (MPa) (MPa)

Robinson and Mehta Lw-H- 1l 0.598 0.410 0.713 273.8167 286.15 0.30 4.27 0.0550 0.8600 37 Te

(1971)102 \Y

Adisasmito and Sloan Lw-H- I 0.489 0.660 1.262 273.7 282 0.22 3.80 0.0100 0.9010 41 Tr

(1992)16t V




Reference Phases  Structure AADT MF AADT CSMGem AADT Tin Tnax Pnin Pax Ximin Ximax N Type
(K) (K) (K) (K) (K) (MPa) (MPa)

Adisasmito and Sloan Lw-H- | 0.447 0.194 1.505 273.7 282 1.36 3.82 0.0100 0.9010 14 Te

(1992)%61 \/

Ng and Robinson (1976)°2 Lw-H- I 0.536 0.366 0.594 273.9278 281.8167 0.30 1.30 0.0600 0.8400 13 Tr
\%

Training — — 0.500 0.589 1.101 273.7 282 0.22 3.80 0.0100 0.9010 54 —

Test — — 0.557 0.351 0.931 273.7 286.15 0.30 4.27 0.0100 0.9010 51 —

Overall — — 0.528 0.473 1.018 273.7 286.15 0.22 4.27 0.0100 0.9010 105 —

3.2.1. CHas + N2 binary-gas mixture hydrate equilibria

Table S22: Database of CH, + N, binary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types: *Tr’ = Training data; *Te’ = Test data.

Reference Phases  Structure AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) Tpim (K) Thax (K) Ppin (MP2) Py (MP8)  Xymin X1max N Type
Jhaveri and Robinson (1965)*  Lw-H-V | 0.764 0.975 1.102 273.2 295.2 3.9 35.96 0.1270 0.8920 44 Te
Lee et al. (2006)163 Lw-H-V 1| 0.684 0.873 0.931 273.3 285.05 7.1 20.7 05961 0.7476 16 Tr
Lee et al. (2006)%62 Lw-H-V 1l 1.282 0.713 0.675 273.3 281 8.625 17.45 0.5961 0.7476 4 Te
Mei et al. (1996)64 Lw-H-V | 0.141 0.153 0.133 273.7 285.3 2.99 10.1 0.1074 0.1074 8 Tr
Nixdorf and Oellrich (1997)*  Lw-H-V | 0.109 0.160 0.206 278.7 292.44 4.938 24.428 0.1074 0.1074 6 Tr
Sadeq et al. (2017)% Lw-H-V | 0.485 0.589 0.632 276.75 292.75 5 25 0.1000 0.3600 23 Tr
Training — — 0.451 0.560 0.599 273.3 292.75 2.99 25.00 0.1000 0.7476 53 —
Test — — 0.807 0.953 1.067 273.2 295.2 3.90 35.96 0.1270 0.8920 48 —
Overall — — 0.620 0.747 0.821 273.2 295.2 2.99 35.96 0.1000 0.8920 101 —
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3.2.2. C3Hg + N, binary-gas mixture hydrate equilibria

Table S23: Database of C;Hg + N, binary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types: *Tr’
= Training data; *Te’ = Test data.

Reference Phases Structure  AADT (K) MF AADT (K) CSMGem AADT (K) Tin (K) Thax (K) Ppin (MPa)  Prgy (MPR) X min X1max N Type
Ng etal. (1977)% Lw-H-LHC-V I 0.351 0.118 0.226 278.98 293.8 0.76 16.99 0.0100 0.9906 16 Te
Lw-H-LHC 1 0.302 0.104 0.301 280.13 291.3 1.98 15.31 0.0100 0.9906 21 Te
Lw-H-V I 0.394 0.334 0.469 274.16 289.17 0.256 18.09 0.0100 0.9906 29 Tr
Training — — 0.394 0.334 0.469 274.16 289.17 0.26 18.09 0.0100 0.9906 29 —
Test — — 0.323 0.110 0.269 278.98 293.8 0.76 16.99 0.0100 0.9906 37 —
Overall — — 0.354 0.208 0.357 274.16 293.8 0.256 18.09 0.0100 0.9906 66 —
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Figure S35: Selected hydrate equilibrium datasets C;Hg + N, binary-gas mixture hydrates, along with the predictions from two models: the CaSH model (black) and the MultiFlash 7.0 CPA-
Hydrates (red). Datasets:°



3.2.3. N, + CO, binary-gas mixture hydrate equilibria

Table S24: Database of N, + CO, binary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types: *Tr’ = Training data; *Te’ = Test data.

Reference Phases Structure AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) Tpin (K)  Thax (K) P (MPa)  Priay (MP8)  Xymin X1max N Type
Belandria et al. (2011)266 Lw-H-V I 2.380 1.874 1.912 273.6 281.7 2.032 17.628 0.0695 0.5842 35 Te
Belandria et al. (2012)67 Lw-H-V | 1.598 1.208 1.208 275.1 278.9 2.35 16.74 0.2510 0.8490 14 Te
Bruusgaard et al. (2008)41 Lw-H-V | 0.221 0.287 0.243 275.2 283.1 2 22.4 0.2130 0.8380 24 Te
Chapoy et al. (2015)48 Lw-H-V I 0.191 0.202 0.128 276.91 288.55 2.05 55.11 0.0460 0.0460 6 Te
Fan and Guo (1999)%" Lw-H-V I 0.367 0.371 0.313 2731 280.2 1.22 3.09 0.0348 0.0901 9 Te
Herri et al. (2011)50 Lw-H-V | 0.691 2.809 0.862 2734 281.1 53 6.6 0.4200 0.8400 16 Te
Jarrahian and Nakhaee (2019)**  Lw-H-V | 1.919 1.083 1.086 274.15 280.15 5.87 29.01 0.7500 0.9500 35 Te
Kang et al. (2001)'68 Lw-H-V I 0.933 0.725 0.866 272.85 284.25 1.565 20.753 0.0341 0.9502 35 Te
Kang et al. (2001)168 Lw-H-V 1 2.938 1.902 1.838 273.95 280 11.02 26.69 0.0341 09502 13 Tr
Kim et al. (2011)6° Lw-H-V | 1.978 0.444 0.402 276.88 285.41 5 20 0.0027 0.0540 16 Te
Kim et al. (2011)'6° Lw-H-V-LHC | 0.489 0.226 0.076 283.33 284.29 5.5 10 0.0027 0.0540 17 Te
Lee et al. (2014)° Lw-H-V | 1.476 1.639 0.591 275 281.1 8.23 2451 0.8000 0.9000 17 Te
Olsen et al. (1999)170 Lw-H-V | 0.273 0.184 0.142 273.4 281.9 1.986 9.55 0.2811 0.8380 15 Te
Rho et al. (2018)1" Lw-H-V I 0.384 0.377 0.149 277.82 280.52 25 35 0.0229 0.0229 3 Te
Sadeq et al. (2017)%3 Lw-H-V I 0.608 0.757 0.695 275.75 284.45 5 20 0.6400 0.7400 10 Te
Sun et al. (2015)72 Lw-H-V | 2.375 1.711 1.783 273.4 278.4 5.28 17.53 0.7490 0.8990 17 Te
Training — — 2.938 1.902 1.838 273.95 280 11.02 26.69 0.0341 0.9502 13 —
Test — — 1.275 1.047 0.866 272.85 288.55 1.22 55.11 0.0027 0.9502 269 —

Overall — — 1.368 1.086 0.911 272.85 288.55 1.22 55.11 0.0027 0.9502 282 —
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3.2.4. CH, + H,S binary-gas mixture hydrate equilibria
Table S25: Database of CH, + H,S binary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types: *Tr’

= Training data; *Te’ = Test data.

Reference Phases  Structure AADT MF AADT CSMGem AADT Tnin Tmax Pmin Pmax Ximin Ximax N Type
(K) (K) (K) (K) (K) (MPa) (MPa)

Noaker and Katz (1954)!" Lw-H- 1 0.614 0.674 0.763 276.5 295.4 1.03 6.79 0.7800 0.9900 20 Tr
V

Mohammadi and Richon Lw-H- 1 0.825 1.025 1.399 273.9 279.6 0.92 1.94 0.8960 0.9560 5 Te

(2015)17 \%

Ward et al. (2015a)*" Lw-H- 1 0.202 0.218 0.206 283.31  293.22 2 6.87 0.8833 0.8985 6 Te
V

Training — — 0.614 0.674 0.763 276.5 295.4 1.03 6.79 0.7800 0.9900 20 —

Test — — 0.486 0.585 0.748 273.9 293.22 0.92 6.87 0.8833 0.9560 11 —

Overall — — 0.569 0.642 0.758 273.9 295.4 0.92 6.87 0.7800 0.9900 31 —




3.2.5. CH, +n-C,H;, binary-gas mixture hydrate equilibria

Table S26: Database of CH, + n-C,H;, binary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types: *Tr’ = Training data; *Te” = Test data. In the Phases column, the

* denotes that no compositional data was available for these points, and an equimolar gas composition was assumed.

Reference Phases Structure  AADT (K) MFAADT (K) CSMGem AADT (K)  Tpin (K)  Thaxr (K)  Prin (MP2)  Prgy (MPR)  X3min X1max N Type
Ng and Robinson (1976a)*'¢ Lw-H-V 1 0.765 0.448 0.235 276 287.55 2.05 11.05 0.9418 09836 16 Tr
Lw-H-V | 0.168 0.173 0.063 2874 288.5 12.06 13.72 0.9418 0.9836 2 Te
Ng and Robinson (1977)165 Lw-H-V-LHC 1l 0.690 0.280 0.111 275 287.4 124 8.83 0.0870 0.5010 5 Tr
Lw-H-LHC 1 0.654 1.081 1.013 275.6 288.5 2.96 13.82 0.0870 0.5010 24 Tr
Deaton and Frost (1946)'6 Lw-H-V 1l 0.286 0.285 0.567 274.8 2804 2.048 4.075 0.9740 0.9920 6 Te
McLeod and Campbell (1961)*°  Lw-H-V 1l 0.138 0.521 0.198 282.5 290.3 5.76 17.96 0.9470 0.9740 11 Te
Lw-H-V | 0.169 0.411 0.140 292.4 301.1 23.89 68.43 0.9470 0.9740 7 Te
John and Holder (1982a)7 I-H-V 1l 0.937 1.555 1.020 251.2 2731 0.391 2.611 0.5000 0.9960 44 Tr
I-H-V-LHC Il 0.870 1.780 0.673 251.2 2731 0.336 1.011 0.5000 0.9960 5 Tr
I-H-V-LHC* 1 0.367 1.090 0.810 255.3 272.5 0.4171 0.979 0.5000 0.9960 19 Te
Lw-H-V-LHC* 1l 0.300 0.073 0.541 2733 276.8 1.046 1.722 0.5000 0.9960 6 Te
Paranjpe et al. (1987)136 Lw-H-V-LHC 1l 1.998 1.847 1.366 268.2 281.2 0.784 3.441 0.8900 0.9850 3 Te
Smith et al. (2017)% Lw-H-V 1 0.420 0.446 0.440 275.35 288.05 2.75 12.53 0.9450 0.9948 12 Te
Lw-H-V | 0.283 0.263 0.264 281.65 290.55 6.26 16.01 0.9450 0.9948 6 Te
Training — — 0.819 1.190 0.818 251.2 2885 0.34 13.82 0.0870 0.9960 94 —
Test — — 0.365 0.615 0.504 255.3 3011 0.42 68.43 0.5000 0.9960 72 —

Overall — — 0.622 0.940 0.849 251.2 301.1 0.336 68.43 0.0870 0.9960 166 —
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3.2.6. CH, +i-C,H,, binary-gas mixture hydrate equilibria
Table S27: Database of CH, + i-C,H;, binary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types:
Tr’ = Training data; *Te’ = Test data.

Reference Phases Structure AADT MF AADT CSMGem AADT Tin Tmax Pmin Pmax Ximin Ximax N Type
(K) (K) (K) (K) (K) (MPa) (MPa)

Deaton and Frost (1946) Lw-H-V I 0.193 0.037 1.166 274.8 277.6 1.324 1.841 0.9890 0.9890 2  Te

McLeod and Campbell Lw-H-V ] 1.329 0.761 0.616 288.6 305 6.72 63.33 0.9540 0.9860 20 Te

(1961)%

Ng and Robinson (1976)*?  Lw-H-LHC I 1.571 1.576 0.642 273.8 293.6 0.159 10.07 0.3490 0.9977 46 Te

Paranjpe et al. (1987)¢ Lw-H-V- I 1.582 1.383 0.778 277 298.6 0.254 11.57 0.3490 0.9977 13 Te
LHC

Smith et al. (2017)*’ Lw-H-V I 0.659 0.616 0.533 275.4 299.3 0.179 14.548 0.0010 0.6470 38 Te

Thakore and Holder Lw-H-V I 0.670 0.617 0.641 27435 27435 < 0.127 0.841 0.0360 0.9490 19 Te

(1987)%°

Wu et al. (1976)*% Lw-H-V I 0.683 0.596 0.539 276.2 281.2 0.2206 0.5851 0.2610 0.6200 3  Te
Lw-H-V- I 1.015 0.763 0.322 281.25 29745  2.745 15.524 0.9319 0.9941 15 Te
LHC

Overall/Test — — 1.121 0.988 0.597 273.8 305 0.127 63.33 0.0010 0.9977 156 —
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3.2.7. C3Hg +i-C,H;, binary-gas mixture hydrate equilibria
Table S28: Database of C;Hg + i-C,H;, binary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types:
Tr’ = Training data; *Te’ = Test data.

Reference Phases Structure AADT MF AADT CSMGem AADT Tin Tax Ponin Pnax Ximin Ximax N Type
(K) (K) (K) (K) (K) (MPa) (MPa)

Kamath and Holder I-H-V 1 0.757 0.712 0.544 272.08 272.23 0.108 0.154 0.1250 0.9590 11 Te

(1982)78

Paranjpe et al. (1987)¢ Lw-H-V- I 0.262 0.318 0.070 275.25  277.85 0.234 0.490 0.1120 0.7940 6 Te
LHC

Patil (1987)1° Lw-H-V- I 0.263 0.320 0.070 275.25  277.85 0.213 0.491 0.1124 0.7935 6 Te
LHC

Overall/Test — — 0.499 0.507 0.297 272.08  277.85 0.108 0.491 0.1120 0.9590 23 —

3.2.8. CO, +i-C,H,, binary-gas mixture hydrate equilibria
Table S29: Database of CO, + i-C,H;, binary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. Data types:
"Tr’ = Training data; Te’ = Test data.

Reference Phases  Structure AADT MF AADT CSMGem AADT Tonin Tonax Pomin Pomax X1min Ximax N Type
(K) (K) (K) (K) (K) (MPa) (MPa)

Adisasmito and Sloan Lw-H- 1l 1.005 0.636 1.254 273.7 280.9 0.145 3.179 0.207 0.996 43 Te

(1992)16t Y

Adisasmito and Sloan Lw-H- | 0.060 0.053 1.548 273.7 280.9 1.324 3.172 0.207 0996 10 Te

(1992)16t V

Overall/Test — — 0.827 0.526 1.310 273.7 280.9 0.145 3.179 0.207 0996 53 —




3.3. Ternary-gas and Multicomponent-gas hydrate equilibria
For ternary-gas mixture hydrate equilibria, for brevity we only plot the experimental datasets for CH, + C3Hg + H,S as these were used training the H,S 5126* Kihara potential parameters in
Figure S41. For multicomponent mixtures, a similar approach to binary-gas mixtures is used where only datasets with 3 or more points at a given composition are plotted on a pressure-

temperature axis. The Deaton and Frost!® multicomponent datasets are split over three groups due to the numerous multicomponent mixtures measured.

Table S30: Database of ternary-gas mixture hydrate equilibrium data, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S. All of the data is test data, with the exception of the CH, + C;Hg +H,S data.

Reference Mixtures Phases Structure AADT (K) MF AADT (K) CSMGem AADT (K) Tpin (K)  Thax (K)  Ppin (MPa)  Pror (MPa) N
Behnammotlagh et al. (2022)17° CH, + C3Hg + H,S Lw-H-V 1l 0.159 0.536 0.186 284.25 296.05 2.29 12.08 5
Dharmawardhana et al. (1980)*8° CH, + C,H¢ + C3Hg Lw-H-V | 0.530 0.213 0.167 279.76 283.98 1.25 2.275 8
CH, + C,H¢ + C3Hg Lw-H-V 1 0.559 0.600 0.532 275.76 282.04 0.92 1.882 3
Fan et al. (2019)14° CH, + C,Hq + CO, Lw-H-V 1 0.293 0.263 0.852 278.61 287.72 2.79 8.73 8
Holder and Hand (1982)7 CH, + C,H¢ + C3Hg Lw-H-V-LHC I 0.417 0.396 0.429 280.10 287.40 1.24 2.28 9
CH, + C,H¢ + C3Hg Lw-H-V-LHC | 0.573 0.453 0.472 282.80 286.10 2.02 2.82 8
Legoix et al. (2018)5 CH, + N, + CO, Lw-H-V | 1.016 0.725 0.689 282.46 288.62 9.68 15.645 5
Lim et al. (2017)% CH, + N, + CO, Lw-H-V | 0.309 0.485 0.557 279.60 293.00 4.81 30.66 30
Mohammadi and Richon (2015)*  CH, + CO, + H,S Lw-H-V | 0.369 0.208 0.288 274.20 280.60 0.88 1.71 5
Mu et al. (2018)% CH, + N, + CO, Lw-H-V | 0.097 0.217 0.042 276.98 283.84 2.84 7.005 6
Nixdorf and Oellrich (1997)% CH, + C,Hg + C3Hg Lw-H-V Il 0.385 0.273 0.210 27710  298.14 1.20 24.474 13
Nixdorf and Oellrich (1997)* CH, + C,Hg + N, Lw-H-V 1l 0.452 0.229 0.403 277.36 294.23 2.58 23.833 7
Obanijesu et al. (2014)%° CH, + N, + CO, Lw-H-V | 4.818 4.705 4,633 281.95 286.45 10.00 20 5
Ovalle et al. (2022)28L CH, + C,Hg + C3Hg Lw-H-V Il 0.150 0.242 0.110 27749  285.82 1.24 35 5
CH, + CO, + C5Hgqg Lw-H-V 1l 0.570 0.605 0.350 277.98 287.96 1.25 4.75 5
Paranjpe et al. (1987)36 CH4 + C3Hg +i-C4H;y,  Lw-H-V-LHC 1l 0.223 0.233 0.291 276.20 281.20 0.25 0.7736 11
CH, + C3Hg +n-C,H;y Lw-H-V-LHC I 4.260 4.743 4.710 268.20 281.20 0.22 2.6438 10
Robinson and Hutton (1967)%82 CH, + CO, + H,S Lw-H-V | 1.109 1.216 0.965 279.20 297.60 1.48 15.707 34
Sabil et al. (2014)%? CH, + N, + CO, Lw-H-V | 1.732 1.919 1.852 280.65 289.86 2.71 121 7
Schroeter et al. (1983)83 CH, + C3Hg + H,S Lw-H-V 1l 0.560 0.333 2.613 275.85 300.95 0.34 4.274751 13
Smith et al. (2017)% N, + CH, + C3Hg Lw-H-V 1 0.883 0.529 0.882 284.15 294.75 2.89 16.027 5
N, + CH, +i-C4Hqq Lw-H-V 1l 0.604 0.385 0.255 286.35 295.85 3.19 14.963 4

N, + CH, + n-C,H4q Lw-H-V 1 0.469 0.812 0.582 277.95 286.45 2.75 12.09 4




Reference Mixtures Phases Structure AADT (K) MF AADT (K) CSMGem AADT (K) Topin (K)  Toax (K)  Ppin (MPa)  Ppar (MP2) N
Sun et al. (2003)84 CH, +CO, + H,S Lw-H-V | 0.925 0.724 0.849 274.20 299.70 0.58 8.68 59
Sun et al. (2016)108 CH, + N, + CO, Lw-H-V | 0.051 0.042 0.055 276.15 278.15 2.14 2.744 9
Sun et al. (2017)185 CH, + N, + CO, Lw-H-V | 0.378 0.305 0.334 274.90 283.90 2.29 14.97 45
Sun Zhi-Gao (2001)'8¢ CH, + C,Hg + C3Hg Lw-H-V 1 0.271 0.282 0.288 273.58 288.96 0.91 5.37 7
Ward et al. (2015a)'7 CH, + C3Hg + H,S Lw-H-V 1 0.609 1.522 1.691 286.22 304.80 1.36 6.89 10
Zang and Liang (2018)1%7 CH, + N, + CO, Lw-H-V [ 0.477 0.398 0.496 27620 28630 259 8.84 34
Overall — — — 0.742 0.730 0.838 268.20 304.80 0.22 30.66 374
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Table S31: Database of multicomponent-gas-mixture hydrate equilibrium data with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S.

Reference Mixtures Phases  Structure AADT (K) MFAADT (K) CSMGem AADT (K) Tnin (K)  Thax (K)  Pugin (MPa) P, (MPa) N
Adisasmito and Sloan (1992)1!  CH,, C,H,, CsHg, i-C4H;, N-C4H10 Lw-H-V I 0.484 0.562 0.653 27370  282.00 0.4966 1.4138 4
CH,, C,Hg, C3Hg, i-C4Hyo, N-C4H;0, CO, Lw-H-V 1l 0.868 0.772 0.846 27370  282.00 0.5931 3.5103 12
CH,, C,Hg, C3Hg, i-C4Hy4, N-C,H;,, CO, Lw-H-V 1 0.227 0.210 0.316 27370  282.00 1.3379 3.469 4
Cha et al. (2013)88 CH,, C,Hg, C3Hg, n-C,H1q Lw-H-V 1l 0.946 0.981 0.760 289.60 294.70 5.2 11.3 3
Deaton and Frost (1946)'6 N,, CO,, CH,, C,Hg, C3Hg, i-C,H1q Lw-H-V 1l 1.068 1.026 1.198 273.70 294.00 0.6 9.391 75
N,, CO,, H2S, CH,, C,H¢, C3Hg, i-C4H4q Lw-H-V I 0.497 0.433 0.685 275.40 289.30 0.945 5.254 4
N,, CH,, C,Hg, C5Hg, i-C4Hy, Lw-H-V I 1.375 1.317 1.701 273.70 291.50 0.758 7.729 11
N,, CO,, CH,, C,Hg, C3Hg Lw-H-V I 1.398 1.198 1.810 273.70 289.80 1.262 10.439 9
Fan and Guo (1999)% CH,, C,Hg, CO,, N, Lw-H-V | 0.396 0.299 0.268 272.80 279.30 1.16 2.77 5
Kobayashi et al. (1951)16 CH,, C,Hg, C3Hg, i-C4Hyq, N-C4H10, N-CsHyz, N-CgHig, Ny LW-H-V I 1.326 1.355 1.427 28330  291.00 2.186 5.661 5
CH,, C,Hg, C3Hg, i-C4H1g, N-C4Hy0, N-CsHy, Ny Lw-H-V 1l 1.078 1.184 1.256 281.60  290.90 1.765 5.583 5
Lee and Kang (2011)1 CH,, C,Hg, C3Hg, i-C4H1q, N-C4H10, N, Lw-H-V 1l 0.990 1.040 0.892 28140  291.40 1.71 6.61 5
McLeod and Campbell (1961)* CH,, C,Hg, C3Hg, i-C4H;0, N-C4Hyg Lw-H-V 1l 0.339 0.829 0.876 29360  303.10 13.55 62.85 7
Mei et al. (1998)%°! CH,, C,Hs, C3Hg, i-C4Hy Lw-H-V 1l 1.861 2.095 1.462 27350  281.90 0.92 2.67 8
Ng and Robinson (1976)62 C,Hg, C3Hg, i-C4H10, N, Lw-H-V 1l 0.257 0.070 0.587 27770  277.80 1.158 9.714 7
CH,, C,Hg, C3Hg, i-C4H1g, N, Lw-H-V 1l 0.115 0.110 0.410 28120  293.90 1.565 13.623 13
C,Hg, C3Hg, i-C4H;p, CO, Lw-H-V 1l 1.621 0.240 0.771 27480  285.70 0.689 14.7 14
C,Hg, CsHg, i-C4Hyg, i-C5Hq, Lw-H-V 1l 0.332 0.310 0.879 274.80 275.60 0.689 11.893 5
Nixdorf and Oellrich (1997)4 CH,, C3Hg, N,, CO, Lw-H-V 1l 0.895 1.034 0.533 279.19 296.07 1.693 23.565 6
CH,, C,Hq, N,, CO, Lw-H-V 1l 0.348 0.232 0.599 279.01  294.21 2.964 24.326 6
Saberi et al. (2018)%! CH,, C,Hg, C3Hg, i-C4H4g, N-C4Hqo, N4, CO, Lw-H-V 1l 0.874 0.922 0.907 289.90 294.50 3.95 8.2 6
Sabil et al. (2014)52 CH,, C,Hg, C3Hg, i-C4Hyq, N-C4H,0, Ny, CO, Lw-H-V 1 1.964 2.125 2.106 280.95  290.15 2.75 12.5 11
Wilcox et al. (1941)1%2 CH,, C,Hq, C3Hg, N,, CO, Lw-H-V 1l 0.200 0.292 0.332 27770 296.70 16 27.503 15
CH,, C,Hg, C3Hg, i-C4H4g, N-C4H1g, CsH1s, N, Lw-H-V 1l 0.318 0.442 0.365 278.80 298.30 1.255 27.32 9
Overall — — — 0.923 0.855 1.001 272.80 303.10 0.4966 62.85 249
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Hydrates (red). Datasets:*%1%, with water-free compositions labelled in the figure legends.
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3.4. Inhibited hydrate equilibria
Table S32: Database of simple methane hydrate equilibria systems inhibited with MEG at varying wt% dosages, with comparison of the AADT of the cavity-based hydrate model with
CPAHYD-MF and B&S.

Reference MEG wt% Phases AADT (K) CPAHYD-MF AADT (K) B&SAADT (K) Toin (K) Toax (K) Poin (MP2) P, (MPa) N
Robinson and Ng (1986)% 10 Lw-H-V 0.297 0.402 0.165 270.2 287.1 2.42 15.6 4
30 Lw-H-V 0.705 0.506 0.183 267.6 280.1 3.77 16.38 5
50 Lw-H-V 0.776 0.180 2.128 263.4 266.5 9.89 15.24 3
Eichholz et al. (2004)%4 19.16 Lw-H-V 0.834 0.926 0.299 266.5 279.5 2.136 8.62 3
Mohammadi and Richon (2011a)!*® 65 Lw-H-V 0.802 0.750 7.517 247.4 250.7 10.38 18.32 3
Haghighi et al. (2009a)'% 10 Lw-H-V 0.046 0.121 0.112 2794 29395  6.379 37.448 3
20 Lw-H-V 0.558 0.319 0.346 277.75 289.25 7.159 29.917 3
30 Lw-H-V 0.828 0.438 0.193 273.35 284.8 6.862 31.69 3
40 Lw-H-V 0.972 0.362 0.605 264.95 279.05 5.055 31.386 4
50 Lw-H-V 1.151 0.285 2.582 265.35 271.55 12.621 30.91 3
Mohammadi and Richon (2010b)**” 6.9 Lw-H-V 0.239 0.172 0.345 271.8 284.7 2.79 10.42 10
10 Lw-H-V 0.216 0.261 0.183 271.9 283.4 2.91 9.93 5
20 Lw-H-V 0.827 0.844 0.396 270.4 279.8 3.06 941
35 Lw-H-V 1.068 0.861 0.410 268.5 274.6 5.31 10.62 4
50 Lw-H-V 0.597 0.266 1551 258.7 263.7 5.67 10.11 4

Overall — — 0.607 0.419 0.940 247.4 293.95 2.136 37.448 61
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Figure S51: Selected hydrate equilibrium datasets for methane simple hydrates inhibited with MEG at varying wt%, along with the predictions from three models: the CaSH model (black),
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Table S33: Database of binary-gas-mixture hydrate equilibrium systems inhibited with MEG at varying wt% dosages, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S.

Reference Mixtures MEG wt% Phases AADT (K) MF AADT (K) CSMGem AADT (K) Tunin (K)  Toex (K)  Ppin (MPa)  Proy (MP2)  Xi4min X14max N
Fan et al. (2000)88 CH, + CO, 10 Lw-H-V 1.214 1.190 1.192 268.7 278 1.14 3.22 0.0348 0.0348 4
N, + CO, 10 Lw-H-V  0.549 0.542 0.416 268.9 276.1 1 2.49 0.0348 0.0348 4
C,Hs +CO, 10.6 Lw-H-V  0.802 0.659 0.737 269.1 276.4 0.85 231 0.0531 0.0531 5
N, + CO, 13.01 Lw-H-V  0.791 0.736 0.555 267.2 276.5 0.93 3.39 0.0901 0.0901 8
Hemmingsen et al. (2011)34 CH, +C3Hg 40 Lw-H-V  1.297 1.428 0.985 267.95 283.35 1.22 13.33 0.8813 0.8813 3
CH, +C3Hg 50 Lw-H-V  1.660 1.618 3.147 267.95 277.45 2.25 17.49 0.8813 0.8813 3
CH, +C3Hg 60 Lw-H-V  0.861 1.067 6.200 258.85 267.85 2.36 17.27 0.8813 0.8813 3
Dholabhai et al. (1997)1¢8 CH,+CO, 10 Lw-H-V  0.242 0.396 0.120 269.57 281.22 1.92 6.318 0.813  0.858 3
CH,+CO, 30 Lw-H-V  0.962 1.030 0.440 264.78 277.17 2.428 9.167 0.815  0.864 3
Aminolroayaei et al. (2022)*® CH, +H2S 10 Lw-H-V 0.717 0.655 0.817 280.55 286.05 6.56 12.29 0.99 0.99 4
CH,+H2S 15 Lw-H-V  0.149 0.118 0.387 281.58 284.67 8.16 12 0.99 0.99 3
CH, +H2S 20 Lw-H-V  0.721 0.732 1.169 276.65 282.65 6.28 11.78 0.99 0.99 4
Overall — — — 0.823 0.822 1.199 258.85 286.05 0.85 17.49 — — 47
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Figure S53: Selected hydrate equilibrium datasets for binary-gas mixture hydrates inhibited with MEG at varying wt%, along with the predictions from three models: the CaSH model (black),
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Figure S54: Selected hydrate equilibrium datasets for binary-gas mixture hydrates inhibited with MEG at varying wt%, along with the predictions from three models: the CaSH model (black),
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Table S34: Database of multicomponent gas mixture hydrate equilibria systems inhibited with MEG at varying wt % dosages, with comparison of the AADT of the cavity-based hydrate model with CPAHYD-MF and B&S.

Reference Mixtures MEG Phases AADT MF AADT CSMGem AADT Tonin Tnax Pnin Pinax
wt% (K) (K) (K) (K) (K) (MPa) (MPa)
Chaet al. (2013)188 CH, + C,H, + C3Hg + n-C,Hy, 10 Lw-H-  1.124 1.185 3.084 286.8 2917 4.8 10
\
CH4 + CyHg + C3Hg + n-CyHy 30 Lw-H- 1.762 1.703 3.434 2815 284.9 5 114
\Y
CH, + C,Hg + C3Hg + n-C4Hy 50 Lw-H-  0.804 0.602 4.809 269.7 271.9 5.7 11.4
\
Fan et al. (2000) 10 wt% CH, + C,H, + N, + CO, 10 Lw-H-  1.825 1.826 1.672 268.8 279.3 0.8 35
MEG?® \%
Haghighi et al. (2009)2% N, + CO, + CH, + C,Hg + C3Hg + i-C4Hyq + N-C4Hyq + i-CsHyp + N-CsHyp +n- 10 Lw-H-  0.062 0.194 0.369 28025 29275  2.78 20.26
CeH1q +n-C7Hy6 \
N, + CO, + CH, + C,Hg + C3Hg + i-C4Hyq + N-C4Hyq + i-CsHyp + N-CsHyp +n- 30 Lw-H-  0.535 0.247 0.488 27655  287.45  3.999 29.82
CeH1q +n-C7Hy6 \
N, + CO, + CH, + C,Hg + C3Hg + i-C4Hy + N-C4H + i-CsHyy + N-CsHys 50 Lw-H-  0.762 0.876 2.036 25885 27515  1.855 35.763
\%
Lee and Kang (2011)1% CH, + CyHg + C3Hg + i-C4Hyo + n-CuHyg + N, 10 Lw-H-  0.765 0.686 1.009 275.7 289.2 1.52 8.22
\
CH, + CyHg + C3Hg + i-C4Hyg + N-CoHyg + N, 20 Lw-H-  0.262 0.338 0.254 271.1 287.7 1.09 9.2
\Y%
CH, + C,Hg + C3Hg +i-C4H o + n-C,Hyp + N, 30 Lw-H-  0.472 0.448 0.627 266.2 283.7 0.99 8.64
\
CH, + C,Hg + C3Hg + i-C4Hyo + N-CyHyg + N, 40 Lw-H-  1.974 1.832 2.388 261.2 275.8 1.28 8.15
\
CH, + C,Hg + C3Hg +i-C4Hyo + N-CyHyig + N, 50 Lw-H-  1.308 1.385 0.555 264.6 270.2 4.04 9.21
\%
Nasir et al. (2014)?% CH, + C,Hg + C3Hg +i-C4Hqy + n-C4H;o + N, + CO, 10 Lw-H-  0.259 0.304 0.201 278.15 284.75 321 10.06
\
CH, + CyHg + C3Hg + i-C4Hyo + n-C,Hyo + N, + CO, 20 Lw-H-  0.440 0.570 0.352 276.15  282.05  3.58 10.82




Reference Mixtures MEG Phases AADT MF AADT CSMGem AADT Tonin Tonax Ponin Pinax N
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Figure S55: Experimental hydrate equilibrium data of a multicomponent gas mixture at different wt% of MEG, alongside predictions from the CaSH model (black), MultiFlash 7.0 CPA-Hydrates
(red-dashed), and Ballard and Sloan (blue-dotted). (Note - Same as Figure S10 in main manuscript) Dataset:'% - water-free molar composition (10 wt% MEG, 30 wt% MEG): 0.8821 CH, +
0.0578 C,H, + 0.0178 C3Hg + 0.0019 i-C,H,, + 0.0006 i-C5H,, + 0.0007 n-CsH,, + 0.0001 n-C,H;¢ + 0.014 N, + 0.0215 CO,; (50 wt% MEG): 0.883 CH, + 0.054 C,H, + 0.015 C3Hg +
0.002 i-C,H,, + 0.003 n-C4H;, + 0.001 i-C5H;, + 0.0009 n-C5H;, + 0.0239 N, + 0.0172 CO,
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Figure S56: Experimental hydrate equilibrium data of a multicomponent gas mixture at different wt% of MEG, alongside predictions from the CaSH model (black), MultiFlash 7.0 CPA-Hydrates
(red-dashed), and Ballard and Sloan (blue-dotted). Dataset:! - water-free molar composition: 0.9 CH, + 0.06 C,H¢ + 0.03 C;Hg + 0.01 n-C,H,,
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Figure S57: Experimental hydrate equilibrium data of a multicomponent gas mixture at different wt% of MEG, alongside predictions from the CaSH model (black), MultiFlash 7.0 CPA-Hydrates
(red-dashed), and Ballard and Sloan (blue-dotted). Dataset:®! - water-free molar composition: 0.804 CH, + 0.103 C,H, + 0.05 C3Hg + 0.0165 i-C,H,, + 0.0072 n-C,H,, + 0.0011 N, + 0.0182
Co,
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Figure S58: Experimental hydrate equilibrium data of a multicomponent gas mixture at different wt% of MEG, alongside predictions from the CaSH model (black), MultiFlash 7.0 CPA-Hydrates
(red-dashed), and Ballard and Sloan (blue-dotted). Dataset:'%° - water-free molar composition: 0.8986 CH,, + 0.064 C,H4 + 0.0271 C3Hg + 0.0048 i-C,H,, + 0.0049 n-C,H,, + 0.0004 N,
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