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Sumac (Rhus chinensis Mill) biomass refinery engineering
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Abstract:  Sumac (Rhus chinensis Mill) is an abundant and widely distributed Chinese native plant. Sumac fruit contains

low content of vegetable oil, as an atypical oil plants hardly being processed through traditional vegetable oil production
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technologies. Based on our own studies on the characteristics of sumac fruit and branches, we established a novel model of
sumac biomass refinery, and constructed the sumac biomass refinery technology system and eco-industrial chain
integration . Steam explosion was the key technology, and several components fractionation technologies were integrated in
the sumac biomass refinery system. The fractionated components were converted into different products depending on their
functional features. Eight products including sumac fruit oil, biodiesel, protein feed, flavonoids, unbleached facial tissue,
phenolic resin, biomass briquette and biogas were produced in the refinery. The extracted sumac fruit oil by steam
explosion pretreatment was applied for the new food resource of Ministry of Health, and the permit was approved. This

research provides a new model for the development of atypical wild plant resources.

Keywords: Rhus chinensis Mill, steam explosion, biomass refinery
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Table 1 Main chemical constituents of sumac fruit (%)

Composition Proportion Oil Protein Lignocellulose Flavonoids Ash Others
Fruit 100.00 17.30 8.34 54.23 1.85 3.20 15.08
Pulp 37.78 19.70 12.99 34.62 1.39 4.85 26.45
Endocarp 43.87 10.74 4.21 74.29 2.94 1.11 6.71
Seed 18.35 26.01 29.11 10.80 0.55 5.32 28.21
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K2 HBBEARBEMSANE

Table 2 Sumac fruit oil ingredients analysis

Index Result Index Result
Refractive index 1.465 Linoleic (%) 69.3
Relative density 0.916 4 Linolenic (%) 3.2
Iodine value (g I/100 g oil) 100.00 Arachidonic acid (%) 0.3
Saponification value (mg KOH/g oil) 195.00 Eicosanoids (%) 0.3
Unsaponifiables (%) 3.12 Heptadec acid (%) 0.1
Palmitic acid (%) 11.4 Behenate (%) 0.1
Palmitelaidic Acid (%) 0.1 Cardamom acid (%) 0.1
Stearic (%) 2.2 Tetracosenic acid (%) 0.1
Oleic (%) 13.1 Tetracosenoic acid (%) 0.2

(
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Fig. 1 Molecular structure of quercitrin (Quercetin-3-

rhamnosid) "*.

http://journals.im.ac.cn/cjben



e P e 699 |

2.3.2
1t
( )
[15]
[16]

3 FMRARFIRBE R
31 MBRRIURLIRIE AL

(

) (2

Milled (x20) Steam exploded (%x20)

2 HIMEEREE (1.5 MPa/5 min) £k Bk K SR ST A X bE BB B 11O

Fig. 2 Pictures of sumac fruits treated by milling and steam explosion (1.5 MPa/5 min) !'%,
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F3 ABRRAREBRRYSEMLMHEY REFRGEREI TR

Table 3 Steam exploded sumac oil extraction residue and several other straw biomass combustion heat value analysis

. Industrial analysis component (%) Elements (%) Net calorific value

it bpe Moisture Ash Volatile  Fixed carbon ~ Hydrogen Sulfur (MJ/kg)
Corn stalks 6.10 4.70 76.00 13.20 6.00 0.11 17.75
Corncob 4.87 5.93 71.95 17.25 8.00 0.01 17.73
Wheat straw 4.39 8.90 67.36 19.32 6.20 0.07 18.53
Rice straw 3.61 12.20 67.80 16.39 5.30 0.09 17.64
Rice husk 5.62 17.80 62.61 13.95 6.20 0.40 16.02
Weeds 5.43 9.40 68.72 16.40 5.24 0.22 16.20
Pole beans 5.10 3.13 74.56 17.12 5.81 0.11 16.16
Sorghum pole 4.71 8.91 68.90 17.48 6.09 0.01 15.07
Cotton stalks 6.78 3.97 68.54 20.71 5.70 0.22 18.09
Steam exploded sumac 5 ) ¢ 288  78.18 15.68 6.50 0.14 20.51

oil extraction residue
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3.3.2 F 4 HBRAREEIERES
Table 4 Performance analysis of steam exploded
sumac pulp
Index Unit Result
[22]
Quantitative g/m> 39.5
Thickness pm 130
Tightness g/em’ 0.30
Opacity % 83.6
Tensile strength kN/m 1.23
[23] Tear mN 272
Bursting kPa 70
3.3.3
[26]
[24] 5
4
3.34
[25] 6
95%

14%

R5 AREEHEER AT (KBRS B R ASEI R E KX 30%)

Table 5 Lignin-based phenolic resin adhesive (lignin-based phenolic resin adhesive replacement rate of 30%0)
Products Solid content (%) Viscosity (MPa's) Free phenol (%)  Free formaldehyde (%) Bonding strengthb (MPa)

Sample 45.00 150 2.24 0.199+0.019 1.330+0.073
Standard® =35.00 20-300 =6.00 =0.300 =0.700

*GB/T 14732-2006 Wood adhesives: urea formaldehyde, phenol formaldehyde and melamine formaldehyde resins .
®GB/T 14074-2006 Testing methods of wood adhesives and their resins
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R6 BERARFSAERFRRIBRMESTILER
Table 6 Calorific value comparison of sumac branches xylem before and after steam explosion
Steam exploded

Steam exploded Steam exploded

Sumac Sumac Sumac
itk branches  SUImac branches branches  SUrmac branches branches  SUmmac branches
xylem xylem xylem
Air dry Dry Dry ash free
Moisture (%) 5.05 5.19 - - - -
Ash (%) 1.80 3.09 1.90 3.26 - -
Volatile (%) 76.51 72.77 80.58 76.75 82.14 79.34
Fixed carbon (%) 16.64 18.95 17.53 19.99 17.86 20.66
Gross calorifie value (MJ/kg) 18.25 19.53 19.22 20.60 19.59 21.29
Net calorific value (MJ/kg) 16.09 18.29 - - - -
Sulfur (%) 0.11 0.10 0.12 0.11 0.12 0.11
Hydrogen (%) 5.69 5.44 5.99 5.74 6.11 5.93
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Fig. 3 Sumac steam explosion refinery technology process flow diagram.
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