Electronic Supplementary Material (ESI) for Green Chemistry.
This journal is © The Royal Society of Chemistry 2019

Environmental Sustainability of Cellulose-Supported Solid lonic Liquids for CO, Capture

Pelayo Garcia-Gutiérrez, Rosa M. Cuéllar-Franca, Dan Reed, George Dowson, Peter Styring and
Adisa Azapagic

Supporting information
S1.Estimation of raw material requirements

Table S1 Raw materials used in the synthesis of the SolLs and their precursors

Compound Formula MW (g-mol™)
[N1gss][AcC] Ca7Hs7NO; 427
[N1ggs][OH] CasHssNO 385
Acetic acid CH3;COOH 60
Water H,O 18
[N1ggs]! CasHssNI 495
Trioctylamine C,sHs N 353
Methyl iodide CHal 142
1-octanol CgH,7OH 130
Ammonia NH3 17
[Naaaa][Ac] C18H39NO, 301
[N4444][OH] C16H37NO 259
[N4444]Br Ci16H3sNBr 322
Tributylamine CioH7N 185
1-bromobutane C4HqBr 137
1-butanol C,H,OH 74
[Ngsgs][Br] CaHoBr 546
1-bromooctane CgH4,Br 193
[Bmim]Br CgH1s5N,Br 219
1-methylimidazole C4HgN, 82

S1.1. Production of [Niggs][Ac]

[N1ggs][OH] + CH3COOH - [Nyggg][Ac] + H20

1mol [Nyggg][Ac] 1 mol [Niggg][OH] 385 g [Niggs][OH]
427 g [N1ggsl[Ac] 1 mol [Nygggl[Ac] = 1 mol [Nyggg][OH]

1000 g [N;gggl[Ac] x =901.6 g [N1ggs][OH]

427 g [N1888] [AC] 1 mol [N1888][AC] 1 mol CH3CO0H

1000 g [N,ggg][Ac] x =140.5 g CH;COOH

1 mol [N1888] [AC] 1 mol HzO % 18 g H20
427 g [N1888] [AC] 1 mol [N1888][AC] 1 mol H20

1000 g [Nyggs][Ac] x =42.19g H,0

[N1ggs][OH] is produced from [N,gg][I] using an anion exchange resin (AER):
AER
[Nigggll — [Niggs][OH]

For the production of [N;gg5][Ac] we need 1 mole of [N,gg4][OH] or 1 mole of [N,gg5][1]; therefore:
1 mol [N,gg5][OH] 1 mol [Nyggg] 1] 495 g [Nyggs][/]

9016 g Nisasl[OH] X g5y TIOH] ™ Trmol INrpa] [0H] < Tmol [Nagas] ]

S1.1.1.Production of [Nigssg][l]

(CgH17)sN+ CHsl = [Nygsg]l
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1mol [NygggllIl 1 mol (CgHy7)3N

1000 g [Nyggs]l1] %

353 g (CgHq7)3N

495 g [Nyggslll] % 1 mol [Nyggg][I]

1 mol [Nygggl[I] 1 mol CH5l

1000 g [Nyggs]l1] %

X
1 mol (CgH,7)3N

=713.1 g (C8H17)3N

142 g CH,l

495 g [Nigggl[I] 1 mol [Nyggg][I] %

S1.1.2.Production of (CgH;7):N
3C3H17OH+ NH3 9 (C8H17)3N + 3H20

1 mol (C4H,7)sN 3 mol CgH,,0H

1 mol CH;l

= 286.9 g CH31

130 g CzH,,0H

1000 g (CgHy7)sN X

353 g (CgHy7)sN 1 mol (CgHy7)3N

1 mol (C4H,7)3N 1 mol NH,

= 1104.8 g CgH,,OH
Tmol CgHy, OH 9“8l

1000 g (CgHy7)sN X

1 mol (CgH,7)3N 3 mol H,0

X X
353 g (CgH,7)sN ~ 1mol CgHy,0H ~ 1mol NHs

1000 g (CgHy7)sN X X
g (CgHi7)3 353 g (CgHy7)sN = 1mol (CgHy,)sN

S1.2. Production of [N4444][AC]

[N44as][OH] + CH3COOH - [Nys][Ac] + H20

1mol [Ny444][Ac] 1 mol [Nygas][OH]

17 g NH.

977 _ 48.2 g NH,
18910 _ 15309 H,0
1mol H,0 092

259 g [N4444][0H]

1000 g [N, Ac| %
9 WaasallAC) X S Ny peallAc]  Tmol NggaallAc] * 1

1 mol [Ny444][Ac]

1 mol CH;COOH

=860.47 g [N44441[0H
mol [Ny444][OH] 9 [N4444][OH]
60 g CH;COOH

1000 g [Ny444][Ac] x

1 mol 1 mol H,0

X
301 g [Nygasl[Ac] 1 mol [Nygasl[Ac] 1 mol CH;COOH

=199.34 g CH3;COOH

18 g H,0

1000 g [Ny444][Ac] x

X
301 g 1 mol [Nygasl[Ac]

1 mol H,0

=59.80 g H,0

[N4444][OH] is produced from [N,4,,][Br] using an Anion Exchange Resin (AER):

[Ns444][B7] ﬂ [N4444][0OH]

For the production of [N,,44][Ac] we need 1 mole of [Ny44,][OH] or 1 mole of [N,444]1[Br]; therefore:

1mol [Nasaal[OH] = 1mol [Nygasl[Br]

860.47 g [Nysssl[OH] X

322 g [Ny4a4][Br]

259 g [N4444][OH] ~ 1 mol [Ny444][0H]

S1.2.1.Production of [N44][Br]

(C4Hg)sN+ C4HoBr > [Nasas]Br

1 mol [Nygqs][Br] 1mol (C4Hg)3N

1000 g [N4a44][Br] X

= 1069.77 g [Nyqasl[BT
1 mol [Nasa4][BT] 9 [Nagaq][Br]

185 g (C4Hg)3N

322 g [Nyasal[Br] = 1 mol [Nysqql[Br]

1 mol [N4444] [BT] 1 mol C4HgBr

1000 g [Ny4a4][Br] X

1 mol(C4H9)3N

137 g C4HoBr

322 g [Nyasal[Br] = 1m0l [Nygasl[Br] ~ 1mol C,HoBr
S1.2.2.Production of (C4Hg)sN
3C4HyOH+ NH; - (C4Hg)sN + 3H,0

1mol (C4Ho)sN  3mol CLH,OH 74 g C,HyOH

1000 g (C,Hy)sN

X
185 g (C4Ho)sN ~ 1mol (C4Ho)sN

1 mol (C,Hg)3N 1 mol NH,4

1000 g (C,Ho)sN X

1 mol C4LH,OH

=1200.0 g C,H,OH

17 g NH;

185 g (C,Hy)sN  1mol C,H,OH

1 mol NH,4
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1mol (C,Hg)3sN 3 mol H,0 18 g H,0

1000 C,Hg)3N
9 (C4Ho)3N X 185 g (CoHo)sN « 1mol (CoHo)sN < 1mol Hy0

=291.89 g H,0

S1.3. Production of [Ngsssl[Br]

(CgH17)sN+ CgH17Br > [Nggss]Br

1mol [Ngggg][Br] ~1mol (CgHy7)sN 353 g (CgHy7)3N

1000 g [Ngggg][Br] X X X
9 Nosss 546 g [Nggssl[Br] 1 mol [Nggggl[Br] 1 mol (CgHy7)3N

= 646 5 g (C8H17)3N

1 mol [Ngggg][BT] 1 mol CgH,,Br 193 g CgH,,Br

1000 g [N, Br] x
g [ 8888][ r] 54‘6 g [N8888][BT‘] 1 mOI [N8888][Br] 1 mol C8H17Br

= 353 5 g C8H17Br

S1.4. [Bmim]Br
C4HgN, + C4HgBr > [Bmim]Br

1 mol [Bmim]Br N 1 mol C,HgN, 82 g C,HgN,
219 g [Bmim]Br 1 mol [Bmim]Br 1 mol C,HgN,

1000 g [Bmim]Br x =374.7 g C,H¢N,

1 mol [Bmim)Br 9 1mol CuHyBr 137 g C,HoBr
219 g [Bmim]|Br 1 mol [Bmim]Br 1 mol C,HyBr

1000 g [Bmim]Br x =625.3 g C,HoBr

S2.Estimation of energy requirements

The energy requirements for the production of the SolLs and their precursors have been estimated
using the heat of formation of the reactants and products. This methodology is based on the
assumption that the heat required by the reactor is equal to the enthalpy of reaction assuming that

no work is carried and that the kinetic and potential energy are zero, according to:
Q —W = AH + AEy + AE,

If W, AE, and AE,, are zero, then:
Q = AH

where:

Q reactor heat consumption
W work

AH enthalpy of reaction

AE,  kinetic energy

AE,  potential energy

The enthalpy of reaction AH can be calculated as:

AH = Z(n - H)out — Z(n -H)in

where:
n molecular weight of reactants
H specific enthalpy of reactants

The specific enthalpy of reactants is equal to:
T;

H = AHP + J CpdT
T;
where:
AH}’ heat of formation of reactants
Co calorific value of reactants
T,,T, reference temperature (25 °C) and temperature of the reactants, respectively.
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Table S2 Thermodynamic properties of the compounds used in the synthesis of the SolLs and their precursors

Compound Formula Cp (kJ-moI'lK'l) AH® (kJ-moI'l) Assumptions Source
[N1sss][Ac] C27Hs7NO2 - -615 AH°; of ammonium acetate used as proxy Aspen Plus®
[N1sss][OH] C25Hs5NO - -498.6 AH°®¢ of tetra-n-butylammonium iodide used as proxy NIST?
Acetic acid CH3COOH - -484.5 HSC Chemistry3
Water H.0 0.03 -285.8 HSC Chemistry3
[N1ssg]l CasHsaNI - -498.6 AH°’; of tetra-n-butylammonium iodide used as proxy NIST?
Trioctylamine Ca4Hs1N 0.87 -585.3 Aspen Plus®
Methyl iodide CHal - -13.6 Aspen Plus’
1-octanol CgH170H 0.41 -426.60 Aspen Plus’
Ammonia NHs 0.04 -45.94 Aspen Plus®
[Naaaa][Ac] C18H3gNO> - -615 AH°; of ammonium acetate used as proxy Aspen Plus’
[N4444][OH] C16H37NO - -540.3 AH°®s of tetra-n-butylammonium bromide used as proxy NIST?
[Naaas] B CicHssNBr - -540 NIST
Tributylamine CioH27N 0.47 -327 Aspen Plus*
1-bromobutane C4HoBr 0.17 -148 Aspen Plus®
1-butanol C4HoOH 0.26 -327 Aspen Plus*
[Nssss][Br] Ca2HoBr - -540.3 AH?’; of tetra-n-butylammonium bromide used as proxy NIST?
1-bromooctane CgH17Br - -245.2 Aspen Plus®
[Bmim]Br CsgHisN2Br 0.35 -178 Cp: Aspen Plus®
AH° : Paulechka et al.”
1-methylimidazole = C4HgN> 0.19 70.7 Aspen Plus’
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S3.Comparison of SolLs
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Figure S1. Life cycle environmental impacts of the pure SolLs considered in the study.

(The impacts expressed per kg of pure adsorbent. For impacts nomenclature see Section 3.1 in the paper. Some impacts have been scaled to fit — to obtain the original values,

multiply by the factor shown on the x-axis.)
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S4. Sensitivity analysis
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Figure S2. Sensitivity analysis for the assumptions on the raw materials used in the production of the SolLs with 70% cellulose loading

(The graph bars represent the impacts in the base case and the error bars the impacts for the + variation in impacts of the proxy raw materials. For impacts nomenclature, see

Section 3.1 in the paper. Some impacts have been scaled to fit — to obtain the original values, multiply by the factor shown on the x-axis.)
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Figure S3. Sensitivity analysis for the assumptions on the raw materials used in the production of the SolLs with 80% cellulose loading
(The graph bars represent the impacts in the base case and the error bars the impacts for the + variation in impacts of the proxy raw materials. For impacts nomenclature, see
Section 3.1 in the paper. Some impacts have been scaled to fit — to obtain the original values, multiply by the factor shown on the x-axis.)
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Fig. S4Sensitivity analysis for the assumptions on the energy required in the production of the SolLs with 75% cellulose loading.

(The graph bars represent the impacts in the base case and the error bars the impacts for the + variation in impacts of the proxy raw materials. For impacts nomenclature, see
Section 3.1 in the paper. Some impacts have been scaled to fit — to obtain the original values, multiply by the factor shown on the x-axis.)
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