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Pectin from Sugar



USDA (2022)

USDA (2022) Sugar: World Markets and Trade, United States Department of Agriculture Foreign Agricultural Service. 
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5.89 m t 
harvested 

sugar beet, 
East of 

England 1.445 m t sugar 
from beet

2.62 m t EU 
imported sugar 
beet to the UK

693,600 t 
Lime Cake

Global sugar production in 2023: 182.9 m t UK sugar demand: 2 m t

6m long 0.25m diameter micropiles
Mixing site won soil with P&A

Bulk unit weight c. 16 kN/m³
25 wt.% oPCC

~ 5.8 m micropiles per year 



Raw sugar beet

sucrose 
(C12H22O11) juice 

Pulp Aggregate 

Milk of 
lime
CaO(s)

Carbon 
dioxide 
COі όƎύ

Thick juice 
(syrup)

Sugar 
nodules

Sugar Molasse
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7 tonnes

Sugar: 1 tonnes
Molasses: 0.275 tonnes

Lime Cake
(Lime Sludge): 

0.48 tonnes

Fibres:
0.35 tonnes

Aggregate biogas Ethanol
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Alkali metal silicate activator  
M₂O.nSiO₃ (A)

Mercia Mudstone

low Ca2+

precursors 
(Ca2+Җ мл ǿǘΦ҈ύ 

high Ca2+

precursors 
(Ca2+  мл ǿǘΦ҈ύ 

sodium aluminosilicate hydrate
N-A-S-H

ὖ

ὃ
Ȣςς
ὖ

ὃ
Ȣςυ
ὖ

ὃ
Ȣςψ

oPCC

10%
15%
25%
35%

45%
calcium silicate hydrate 
C-S-H gels ὠ

ὠ
πȢυ

ὠ

ὠ
πȢυυ

ὠ

ὠ
πȢσσ

Ὃ ςȢφ

Ὃ ςȢρ

ὟὅὛ πȢπυ

ὟὅὛ πȢυ

MPa

MPa

H2Na2O4Si

3-7-21 
days

Contained vs. Exposed 
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TheMerciaMudstone(or KeuperMarl)

Permo-Triasrock

Collectedfrom a sitenearLoughborough

Mud, silt andsomefine sand,often with gypsum

Vastacrossthe UK,henceaάƳŀǘŜǊƛŀƭofƛƴǘŜǊŜǎǘέ
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PrecursorActivator

(2) Precipitation of alkali solution on base
particlesandprecipitatedferric oxidenodules

buttress

(3) Precipitationof organicfibres(1) Precipitationof angularferric oxideunits
(c. 20-30 wt.%)

Absence of carbon feedstock 
(specimens wrapped during cured) 

Three interplaying mechanisms

Sharp,interlockwell (whenabundant)
With smoothtexture



PrecursorActivator C feedstock

(2) Precipitation of alkali solution on base
particlesandprecipitatedferric oxidenodules

buttress

(3) Precipitationof organicfibres(1) Precipitationof angularferric oxideunits

Precipitationof cementinggelson clayplatelets,on surfaceof silts,andferric oxides

Cementing gels



PrecursorActivator C feedstock

Cementing gels

Clay

Silicate

H-Silicate

Bi-carbonate

Pectin

Cations

De-protonation / H-silicate sitting within /ŀǘƛƻƴ ŜȄŎƘŀƴƎŜΥ ŜŀǊƭȅ ŎƘŀƛƴǎ Χ

Early gels: 

sodium

aluminium 

silicate hydrate 

zeolites



PrecursorActivator C feedstock

Cementing gels

Clay

Silicate

H-Silicate

Bi-carbonate

Pectin

Cations

De-protonation / H-silicate sitting within /ŀǘƛƻƴ ŜȄŎƘŀƴƎŜΥ ŜŀǊƭȅ ŎƘŀƛƴǎ Χ
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- oPCCin excessof 25 wt.%will probablyremain

unreactedasresidue.

- The entire activator stock appears to be

consumedin hydrationtowardsgenerationof gels.



940 cm-1

940 cm-1 Drop in vibration frequency at wavelength 949, Si-O-T (where T is Al) of tetrahedral silicates: structure of clay is distorted  

1630 cm-1

1630 to 1649 cm-1 Peak is indicative of enhanced adsorbed hydroxyl bands. It implies adsorption of moisture from air, or hydration.

Drop at these wavelengths is indicative of dehydration. 
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MM+oPCC(28D)MM+oPCC(7D)

oPCC0%
4%
8%
12%
16%

oPCC0%
4%
8%
12%
16%

Credit: Dr Ghadr’s team in Taiwan – parallel testing

Dependency of ‐ on oPCC% decreases with curing period Cementing gels not helping?

‐ in-fact increases with curing period !! Cementing gels costing us in excess shrinkage !!

Dehydration !!
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Van genugten

MM

MM + 20% oPCC

Clay connectors transforming into almost 

airtight units

— χȢςϷ — ρσȢφϷ

ὃὉὠ ρφȢωὯὖὥ ὃὉὠ ψτȢρὯὖὥ

Greater water storage capacity



0

100

200

300

400

500

600

0 1 2 3 4 5

U
C

S
 [

k
P

a
]

Strain [%]

oPCC 45% contained

oPCC 25% contained

oPCC 10% contained

oPCC 10% exposed

oPCC 25% exposed

oPCC 45% exposed

P/A = 0.22
Cured under contained conditions
3 days

0

100

200

300

400

500

600

700

0 1 2 3 4 5 6

U
C

S
 [

k
P

a
]

Strain [%]

P/A = 0.22
Cured under contained conditions
7 days

oPCC 45% contained

oPCC 25% contained

oPCC 10% contained

oPCC 10% exposed

oPCC 25% exposed

oPCC 45% exposed

Generally a brittle stress-strain behaviour.    Fibres?

Clear gain in strength upon hydration 

25% by weight of oPCCappears to remain the most effective combination



New material 

Traditional placement
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Good large strain stiffness SS ? Bender Elements ςongoing tests

Brittle behaviour (not shown)

Light, porous, carbon sequestration



The 2nd Nature inspired Solutions for the Built Environment

Eylül, North Cyprus

Scopes for using activated lime sludge in earth-based 

building materials 

Thank you!


