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Mass Balance on the Pulping Extracts of Maple Hardwood using
High Performance Liquid Chromatography™
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ABSTRACT

At the University of Maine, a hemicellulose pre-extraction technology is now being investigated
to improve pulp yields, reduce the organic and inorganic load for liquor recovery, and create a
feed stream for the generation of new biomaterials. It is important to understand the composition

* 1 g2e 0008 4€ 14, A= 2008 5€ 24

* 2 “ﬂ ol Y T3 g, 3}shysta}. Forest Bioproducts Research Initiative, Department of Chemical and Biological
Engineering, University of Maine, Orono, Maine 04469, USA

T FA &} (corresponding author) : 9 3H(e-mail: BHUm@umche.maine.edu)
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of unextracted wood, extracted wood, and pulping extracts in the design of an economically
viable pilot-scale ethanol plant. For analysis of wood pulp composition, the total analytical mass
balance closure was 1006, 1003, and 816% for unextracted chips, extracted chips, and pulping
extracts from HPLC-H column analysis. Meanwhile, the total analytical mass balance from the
HPLC-P column was 97.8, 863, and 80.7%, respectively. This slight variability between H- and
P-column results for analytical mass balance may be within the experimental error of the
measurement. The data generated by this analysis are important to further design work in

commercializing this process.

Keywords: High Performance Liquid Chromatography (HPLC), pre-extraction, Green Liquor,

Maple hardwood, Rocking digester.
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Table 1. Chemical composition of Green Liquor

used in extraction process

Chemicals Concentration

Total titrated alkali (TTA)
Sodium hydroxide (NaOH)
Sodium sulfide (NazS)
Sodium Carbonate (Na;COs)
Sodium Sulfate (NaxSOx) 08 g/¢ as Na,O

3% on wood as Na,O'
90 g/¢ as Na;O
291 g/¢ as NaxO
700 g/¢ as Na;O

TTA 1089 g/¢ as Na,O

* The dissolved solution in the Green Liquor had a mass 3%
of the wood mass fraction.
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Fig.

1. Surface of untreated (A) and treated Maple chips (B) by scanning electron microscopy.
Note: (B) treated by Green Liquor (=NaOH, Na,S, Na,COs; and NaxSO.).

Table 2. Analysis of chemical composition of Maple hardwoods using HPLC.

XMG
Run Feedstock Yield" Glucan Arabinan  Acetyl Lignin  Ash Extractives N°  UA®  Total’
: @) (o) Xylan o Mamnan - Galactan - h) o) %) %) 0 ) ) (%)
(%) (%) (%)

421 231 23 36 244 05 19 026 239 (11(())(()) 66)5

1 Unextracted 100 ’
+ 04 + 05 + 01 + 01 + 05 +005 + 02 £ 001 +01 =196
405 183 22 19 18 36 244 05 19 026 239 (g;g)

2 Unextracted 100 ’
+03 + 05 + 03 + 01 + 02 + 01 +05 +005 +02 + 001 +01 +236

889

40.7 201 16 17 226 03 0136 176

3 Extracted 886 nd’ (1003)
+02 + 06 + 04 +05 06 0006 002 02 £256
33 162 18 12 13 17 26 03 0136 176 (g%

4 Extracted 886 nd ’
01 +06 + 01 + 004 + 03 +05 06 =006 002 +02 +251

93

03 26 0.2 18 39 0091 037

5 Extract 114 nd nd (816)
+ 01 +02 +02 £01 06 + 001 £ 005 126
02 17 03 05 03 18 39 0091 037 (890'27)

6 Extract 114 nd nd '
008 £ 04 + 01 + 01 + 001 £01 06 + 001 £ 005 +161

*Yield: solid remaining and recovery percent after extraction process.

" N: measured Nitrogen percent.  UA: Uronic acid was measured by

Spectrophotometer at 405 nm and 450 nm. ¢ Total: the amount of all composition analyzed by chromatogram in the unextracted, extracted,
and pulping liquid extract. ¢ Parentheses: total analytical mass balances (=Total %]/ Yield [%)]). " nd: not determined. HPLC: Aminex 87H-column

- Run # 1, 3, and 5. HPLC: Aminex 87P-column - Run # 2, 3, and 6.
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Table 3. Composition of concentrated hemicellulose extracts

XMG
Total Solids®  Glucan Arabinan  Acetyl  Total Sugars” Chromatogranh
(%] [g/100 m?] Xylan Mannan  Galactan [g/100 m#] [g/100 m#] [g/100 me) grapny
[g/100 m#] [g/100 me] [g/100 m¢]
004 059 010 068 0.73
HPLC-H Column
356 + 0004 + 005 + 003 + 0003 + 0084
- 004 053 003 0.08 007 068 068
HPLC-P Column
+ 0003 + 002 + 0001 + 0004 + 0004 + 0003 + 0032
006 095 017 1 118
05 HPLC-H Column
578 + 001 + 008 + 0006 + 0007 + 0096
) 006 077 004 013 012 103 112
HPLC-P Column
+ 0003 + 004 + 0001 + 001 + 001 + 0007 + 0064
008 144 026 148 178
HPLC-H Column
281 + 001 + 002 + 002 + 0003 + 005
’ 0.08 112 005 018 020 148 163
HPLC-P Column
+ 0006 + 005 + 0002 + 001 + 0006 + 003 + 0074

In order to increase the sugar fraction, the pulping liquid extract withdrawn from extraction process was evaporated by rotary
evaporator: 1. The Rotating Evaporator was operating at 150 RPM agitation, 30°C. 2 The evaporation time of extracts was 0,
30, and 40 minutes.
* Total Solids: total solid fraction in the pulping liquid extract after extraction and evaporation.
" Total Sugars: total amount of glucan, xylan, mannan, and galactan in pulping liquid extract.
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Fig. 2. Total carbon and nitrogen amounts in
the pulping extracts as function of con-
sistency.
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