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Evaluation of biobased content of biobased polymers and their composites by measuring carbon-14 using
accelerator mass spectrometry (AMS) was described. Biobased carbon content can be evaluated by measuring
carbon-14 content using AMS, since biomass includes carbon-14 atoms in atoms of its constitution and fossil include
no carbon-14 atoms in it. Sample preparation and pretreatment for AMS were explained in detail. Results of
biobased content of plants, polymers and polymer composites by AMS were shown. Reproducibility and accuracy of
AMS measurement were investigated. Evaluation method for biobased polymer content of polymer products can be
also obtained using results by AMS. Examples of these evaluation results were shown. The international standards
concerning this method were also described.
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carbon-14.
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Fig.2 Generation of carbon-14 in modern atmosphere by cosmic
ray.
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Fig.3 Principles of carbon-14 measurements for (a) radio-

carbon dating, and (b) biomass carbon ratio measurement.
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Fig.6 Photograph of AMS apparatus at the Institute of
Accelerator Analysis, Ltd. (IAA), in Japan. ©
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Fig.7 Outline scheme of AMS apparatus at the Institute of
Accelerator Analysis, Ltd. (IAA), in Japan. ®
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Fig.8 Pretreatment for accelerator mass spectrometry
measurement by the Institute of Accelerator Analysis, Ltd.
(IAA), in Japan. 7
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Table 1 Biobased carbon content of several grain cereals.®

Harvest A%C Biobased carbon
Year Place  (%o) content (%)
Corn 2005 USA 58.8 98.47
Potato 2005  Japan 76.7 100.13
Rice 2005  Japan 55.1 98.12
Sugar beet 2005  Japan 78.4 100.29

Table 2 Biobased carbon content of several parts of wood.®

. 14 Bi
Position Estimate Ac carbo?lbszrtient
year (%o) %)
Core 1935+ 10 5324 142.51
Mix of core 1925-1955 502.4 139.72
Side 1990 + 10 69.3 99.44
Mix of side 1970-2000 119.7 104.13

Table 3 Biobased carbon content of crab and shrimp.®

Harvest AMC Biobased
Chitin carbon content
Year Place (%o) (%)
Crab 2002 Japan 84.4 100.85
Shrimp 2000  Thailand 90.0 101.37

Table 4 Biobased carbon content of various plants.”

Material Origin Al Biobased
carbon
(%o) content (%)
Starch Potato 64.84 99.03
Starch Corn 94.64 101.8
Cellulose Filter paper 104.03 102.67
Wood Empty .fru1t bunch 67.67 99 3
fiber from oil palm tree
Wood Trunk of oil palm tree ~ 59.41 98.52
fiber
Wood g d of oil palm tree 4938 97.59
fiber
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Table 5 Biobased carbon content of gases.”

Material Origin Al*C Biobased carbon
(%o) content (%)
Ethylene  Petroleum <-998.68 <0.12
Methane  Petroleum  <-998.68 <0.12
Propylene Petroleum <-998.68 <0.12
Biogas Digestion 24.22 95.25
Biogas Digestion 18.9 94.76

Table 6 Biobased carbon content of liquids.”

Material Country Biobased carbon

A¥C
(%o0) content (%)
bioglycerol Philippines ~ 44.7 97.16
bioethanol Japan 93.9 101.73
bioethanol Thailand 66 99.14
bioethanol Thailand  69.2 99.44
bioethanol China 80.9 100.52
bioethanol Pakistan 82.6 100.68
bioethanol Brazil 89.3 101.3
bioethanol Brazil 95.8 101.91
Table 7 Biobased carbon content of liquids.”
Material Origin A"C Biobased
carbon
(%o) content (%)
Polyethylene petroleum  <-999 <0.12
Polypropylene petroleum  <-999 <0.12
di-L-lactide biomass 44.04 97.09
di-L-lactide biomass 82.32 100.65
Poly(lactic acid) biomass 63.4 98.9
Caprolactone petroleum  <-999 <0.12
Polycaprolactone  petroleum  <-999 <0.12
Poly(b}l tylene petroleum  <-999 <0.12
succinate)
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ASTM D6866 =° CEN/TS 16137 Ti%, EHERZITIH SN
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Table 8 Repeatability of biobased carbon content of various
samples.”

Material biomass carbon ratio (%)
average standard deviation
Bioethanol (Brazil)  101.6 0.36
PLA+PBS 43.44 0.84
PP+cellulose 27.97 0.78
PBS+cellulose 12.47 0.63

Table 9 Repeatability of biobased carbon content of PLA with
CaCOj; under different pretreatment.”

Pretreatment biomass carbon ratio (%)
average standard deviation
at 980 C 81.66 0.32
at 500 C 101.04 0.46
H,;PO, 0.29 0.01

4 NAARRTSAFYIEIZDINT

IEEE BT T, R O&RETEE ST 774
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LNTE %S, ASTM D6866 <° CEN/TS 16137 TIEZ DE %
IZESWTWE, LrLagns, 3ETRLZEY, EE
HERI2 D200 S5 0D LTS, £ Z T
BEIOPDVRTLSERZLELIZOBRAS A~ AT T AT
v I ETHD, TITAF v 7 MEFRONAL F~ AWK T Z
AF v/ EBEBELRTRLEMETHS, ZoflE LT, 7T
WOR LI RIERE REICOW TS A~ ARFEEAR, A
A~ AERER, NAA~vATTAF v 7 % Table 10 (2
T, 235 4 81X Table 8, Table 9 &, R ITA MM
KARY Fu L ACEEL 50 %0  HikRRRB I LY T
LRIFEMZTZHDTH S, ASTM D6866 K N CEN/TS
16137 Ti¥, EERFIIRS EHEINATWDLR, 22T
1%, HRHCRORBIN T T L F~ ARk RAaL
Too RERLTHMNDEY, RFETHEN—RALHEN—ZT
ITBAEN 720 53030 S5 NS D LR 5T D, FRICKRER
ANT T LORIZFEDRFBEFRNPRY v— L K& B
DAL, BENPMETHD,

Table 10 Biobased carbon content, bio-based content and

bio-based polymer content of samples.”®

Biobased Biobased Biobased
Material carbon content polymer
content (%) (Wt%) content (wt%)

PLA+PBS 43.44 50 50
PP+cellulose 25.25 40 0
PBS+cellulose 12.47 25 0
PLA+CaCOs3 81.66 50 50
PP+CaCO; 8.83 40 0
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HEE (TG) T L, BV RRE DI X 5 s e ofilE
ATz, Fig9 X PLAIZT 7 U % 25 %Nz o kT
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HEUBN, BEEEMNGT-HAICEDRETT—T7 35
AT 7E— R TIL, PLA KOT > 7 2 Ny TRV iR
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KX Table 12 (2 PLA ), (O*PBS ICffix DENETT v 7o %
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Fig.9 Thermal decomposition curves of PLA with starch by
thermal gravimeter.

Table 11  Evaluation of content of PLA with starch by using
thermal gravimeter.

Composition  wt% Estimated starch

PLA starch content %
100 0 -
87.5 12.5 13.70
75 25 25.00
50 50 48.2
0 100 100

Table 12 Evaluation of content of PBS with starch by using
thermal gravimeter.

Composition  wt% Estimated starch

PBS starch content %
100 0 .

87.5 12.5 12.30
75 25 25.50
50 50 495
0 100 100
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