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Off-taste of Water Soluble Compounds in
Polyolefin Resins and Removal of the Compounds

Takashi HIRATA®, Ikuya ISHII**, Takasuke ISHITANI***

Off-taste of water extracted compounds from powder of polyolefin resin was studied.
The water soluble compounds were extracted by mixing the resin powder with deionized
water of equal quantity (w,w) and shaking for 24 hours at 25°C. The volatile
compounds, collected into Tenax GC from the extract by flushing the extract with
nitrogen gas, were analyzed with GC and GC-MS to determine the fifty five compounds
as alcohols, aldehydes, ketones and esters. The volatile compounds, particularly oxidatively
formed from the resins were ascertained to be responsible for the off-taste of the
extract, since the off-taste intensity of the water from which the volatiles were liberated
by nitrogen gas flushing was significantly reduced.

Reduction of the volatiles from the resin powder by nitrogen gas flushing was effective
to reduce the off-taste.

Keywords: Off-taste, Volatile compounds, Gas chromatography, Gas chromatography-
Mass spectrometry, Tenax GC
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Table 1 Characteristics of plastic resins

Resin Type Melt index* Density**
Polypropylene Homo polymer 0.55 0.90
Block copolymer 0.55 0.80
Random copolymer 8.00 0.0
High density polyethylene 1.00 0.954

* Melt index g/10 min (JIS K 7210)

** Density g/cc (JIS K 7112)
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Table 2 Conditions for gas chromatography and gas chromatography-mass spectrometry

Gas chromatograph

Shimazu GC — 14A

Detector FID
Column NEWTRA BOND-1 0.25mm ¢ X50m, 15 g m
Temperature Injection port 230°C
Detector 250°C
Column Initial temperature 35°C for 10min.
Final temperature 230°C for 10min.
Increasing rate 5°C./min,
Carrier gas N 0.38ml,/min
Split ratio 1/30

Gas chromatograph — mass spectrometer

Shimazu GC—MS QP1000

0.25mm ¢ X 50m, 1.5 zm
230°C
250°C

Column Initial temperature 35°C for 10min.
Final temperature 230°C for 10min.

Increasing rate

5C,/min.

Column NEWTRA BOND -1
Temperature Injection port

Ion source
Carrier gas He 0.74ml,”min
Split ratio 117
Ionization method EI
Ionization voltage T0eV
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Extract solution

Nitrogen1 gas flushing

Volatile compounds

4
Passing through Tenax GC tube

Dissolving into ice cold water

Redissolved volatiles
in ice cold water

Fig. 1

Passing thrciugh empty tube
Dissolving into ice cold water

Redissolved volatiles
in ice cold water

Preparation procedure of samples for evaluating similarity of taste

characteristics and changes in taste intensity between the original
extract and the redissolved water of flushing gas through empty

tube or Tenax GC tube.
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Table 3 Threshold dilution of the extract and effect of gas
flushing at off-taste sensory test

Gas flush
Resin
Non flushed Flushed
Homo Polypropylene X 8 x1
High density polyethylene X 32 x4
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Table 4 Score for similarity of taste characteristics and change in taste intensity
between the original extract and the redissolved water of flushing gas
through empty tube or Tenax GC tube.

Similarity of Change in
totira® H St
Resin taste characteristics taste intensity
Empty tube Tenax GC Empty tube Tenax GC
Homo polypropylene 1.2 30 -08 - 2.7
High density polyethylene 0.5 3.2 -10 -2.7
* Similality ** Intensity

0 Similar

1 Different slightly

2 Different moderately
3 Different very much
4 Different extremely

—3 Weak very much

— 2 Weak moderately

—1 Weak slightly
0 Neither weak nor strong
1 Strong slightly

2 Strong moderately
3 Strong very much

FTEILNEETH S, T TROHMINLNEE
PlARE LTHiAERO, ChicBiTLTX
ek RIE L. BRERZE & OBAGREH S
KT B EERAT,

{BH L7 #ilEEE % Table 1iZRL7:, P-
Pid. xR Y=w—B&LVO 70w I, 554
ARY)T—D3 I TIHODVT, LK
HDPE 2> WTFHEI L 720 Zh T OlEsF
LT, BRIELEEEZR LI, AL
7eEEFERHI EICERREICHVOh B R Y
V74 yFRETH D BRILBHLEFIFOR
FE—EELvbotHnik, Dk
BEHTHBEABREIE OBV, SO
BIRD LI HEFLICLVFEELLLbOEH
W,

THEBROER. BIKST OBITIIEEN
BB ELSUED, SLEEFFROD
DHYZ B HEICS 55, FE ORISR S

REEINBZEHREENT, TORBHEE
SMFIIEER (25°C) & L. mHEmMIGCH
FTORS € — 7 BBIMITRRICE BEM4E

L TR RA TS,

Table 3ICRAKEIKBEPICEREN 2 2HS,
L. ZDFIRICHIT 2 R OE(LERL
oo $HbL, BEKBBICERT R 2K E
AU &Itk O BERARDT 5 EH NS
Boteo TOIELIIERFATRESNBK
SRS LTWBZ EERET 2 H0
Th b,

oI, RERBBRIcEEN 2 EREAL
CEIREDBRELIESH Tenax FicilifE X
hah& I hDMER%EIT >, PPTIRBfEN
5 1f&~, HDPE Ti3 321 5 4 {Zic Rkkoh
BEIXED LTz, PP, HDPE & b i Tenax
BrAsFIcHBERIE A, BaWkes
BHETORFIKBHEEOBUER 1.2V

— 177 —



HBYA VT 1 ZEREORYERS & € ORE

05THD bIFNENBOOLNIEETDH

o fzo ERBERKEBROBER-08& -
1LOTHLBVWEWIBETH >, —H.
Tenax 2@ L7k, BERIE 2 LHUE
23.0L32THERICRL>THED, BER
— 27 CHEFLTFVEVWIERTE -T2, T
Hbhb, TenaxBXE L THBRIES L.
BERIZIBEAERL B >TWAEIENHLN
Eliot, TOTENOEFRTZADBEBI TR
EFxh 35, THLEREKICBES T 55
idTenaxBIcHE IR TWB Z LRI
2o

ZITCIhOHBERAOATEIT- 1,
Fig. 2icPPL HDPEDH A2 u= 75 4
2R ULt PPROVWTREDSI A Fito0
THRED 7 a= /8% —vERL, RER
EHrolsn biRIFRFEObDOTH -7, £
HDPEDANPP LY B ODE— 7 HFEY
bh., RS OBRBLEM -1, ThHE-
2 DORERE% Table 5IcRx L7, PP,
HDPE Tl flRDALE S St B D OE VSR
5h 35t ic /LRI CmHnO Ot % >
LOHEEAETHY, FFREIZ46~130%
TORNE2RETE T, REHERE{LEYE
WWR3E7NVa—N, TVFEF, ¥ b,
BRALKFE = R FVEOHERMERS 15 B
ZLWNTE, PP, HDPERiIK7 VI =N, ¥
b v¥NE { . HDPE Tid4§ic 7 va — VIR
NEh T,

RYZF V74 DB RIZEREI A
Fonr—%+44 FO&ERICK 2 B8BR{bI
Lo THIEEI XN EH?, T TRES
hi:EBELAb ChoBRLABIEEL
bhiz,
FEShi{t&ho s> b, HEBEHE—-2H|

B A &E» - 72 1-butanol, 4-methyl-2-
pentanone iz > WT, EEPEHD ¥ — 7 @fE
toRBIc Xk, Th SRS OREKARSD
DERERDB L, 1-butanol Tlrdb-¢ b
WIgWs v APPT30ppb. o & bB 0
HDPE T 300ppb. 4-methyl-2-pentanone
Tk 7oy 72 PPD lppb i 5 HDPE @
200ppb TH - 7z, —ARIICEBFIR(LKTRIZ
REBEEHIEL . Z8PT10°mg/ m* 2L ET
53", Licii>T, ppbA -5 —DRET
BRKCES LTwaAEEER DV, —
F. ZCTRIESNERE/LEIIHER
BEHEL. BB N OEBE/LEMICHRK
THREEZLONT,
LR NS, #4174 YIEEHCH
KT AREBRARBEENZDT 59 7 Rick
> CHET 2 HRERSVEEXTH B &N
ML -7, BE->T. REDKREIIZE
oy y—thoi@ERER ST KT 5 &b
BMLEL OIS, £I T, S EPPEE Y
F—IicZRTIOOM, " hOFBRDOERN 2 %
4EEES L. ST A ERERSEREL
fetk. RikkicEEkBREZRARL, ¥2 70
2 bS5 74—tk B EITo 1, Fig. 3
CRLIEEESIE, FRZ0= S 5408%
E— 7 TEDRA SN, 2 2-methyl-2-
propenal (Peak 5). 1-butanol (Peak 14).
heptane (Peak 19) THINKED »7z, R
BRI RAEED b DT 8fEFHIR, ERME
RaERELLLOTR2EFRTHRERT
LIy, BEABIIYDEKREIBDLLTL
feo TOTEMD, BRMKBBICERT o8
FEIREIRSRO R EER T 570123, BH
Y F—thOERMER S OBRENENTH S
CEBPHOMENL T,

— 178 —



AEAfE#FL% Vol 2 No. 3 (1893)

5 "
30
A)
19
)
2
45
20 44 46
43
3 22
[ 23 a2
td 39
et 2s 1| 33 @ 48 50
__—J u.m--w 2 U}wu\_ﬁ \ ~ N
32
3 a9
? 10 14 2 35 40 47
%
27 a5
12
® . "
H 29
1
4
21 0
% 38 o
17
|
s
18
| ol
2 38

1 1 1 1 i

10 20 30 40 50
RETENTION TIME, MIN.

Fig. 2 Gas chromatograms of migrants from polyolefin resins into water.
A : Homo polypropylene, B : High density polyethylene
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Table 5 Identification of volatiles isolated from plastic resins by gas flushing of the water extract.

PP*
Peak Compound Mole'cular Formula HDPE**
Number Weight Homo Block Random
1 ethanol 46 C.H:O O
2 2- propanone 58 C:HO (@] O @] C
3 2-methylpropanal 72 C.H,0 O O o]
4 1- propanol 60 C:HO O
5 2-methyl-2- propenal 70 CH:0 (@] O (@]
6 1~ butanal 72 CH.0 (0] O O
7 2-butanone 12 CH0 (e} O o} (@]
8 3-methylpentane 86 CsHua O
9 2-butanol 74 CHO O
10 hexane 86 C:H.O O
11 ethy acetate 88 CH,0, @] (o] o}
12 2-methyl-1-pentene 84 CeHe O
13 3- methyl-2-butanone 86 CeH,c0 @)
14 1-butanol T4 CH,.0 @] O (@) @]
15 2- pentanone 86 CsH ;0 @] O @] O
16 3- penten-2-o0l 86 C:Hy, O @]
17 3- pentanone 86 CH,O O
18 3-pentanol 88 C:H.:0 @]
19 heptane 100 CHe @] (@)
20 3-pentene-2-one 84 CsH,O O O O
21 2,3-dimethyl-2-butanol 102 CeH:,0 O
22 3-methy- 1-butanol 88 C:H,.0 O O O
23 4-methyl- 2- pentanone 100 CeH .0 O O O (0]
24 4-methyl-4- pentene-2-one 98 CeHi O O O 0]
25 2- methyl-3- pentanone 100 CeH .0 O
26 3-methyl-2- pentanone 100 CeH;:0 O
27 3-methyl-3-pentanol 102 CeHi0 (@)
28 4-methyl-2- pentanol 102 CeH,0 O O 0]
29 1-pentanol 88 CsH.0 O O O
30 2,4~ pentanedione 100 CsHoO:. O O @]
31 3-hexanone 100 CeH,:0 O
32 2-hexanone 100 CeH.0 (@)
33 4-methyl-3-~pentene-2-one 98 CeHiO O O O
34 3-hexanol 102 CeHi0 O
35 2-hexanol 102 CeH\0 (@]
36 2- methyl-2- pentenal 98 CHi O Q
37 2-ethyl-1-butanol 102 CH,.0 O
38 3-methyl~1- pentanol 102 CH,.0 C
39 5-methyl-3-hexanol 116 CeH;sO O O O
40 1-hexanol 102 CH..0 O
41 4-heptanone 114 CH.0 (@] O
42 3-heptanone 114 CH,\0 0 O O O
43 2-heptanone 114 CH,,0 O O o]
44 4-heptanol 116 C:HiO O (@] @]
45 3-heptanol 116 CH\sO O O O O
46 2-heptanol 116 C:H:0 0 o] o
47 2,3~ dimethyl-1-pentanol 116 CH,0 O
48 4-methyl- 2- heptanone 128 CeH,:O O O
49 4-methyl- 1-hexanol 116 C:H:O O
50 1-heptanol 116 C:HiO O O O
51 2-ethyl- 1- hexanol 130 CeH:O O
52 1-octanol 130 CeHiO O

* Polypropyrene
**High density polyethylene
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Fig. 3 Removal of volatile compounds from homo polypropylene resins by

flushing nitrogen gas.

— 181 —

A : Homo polypropylene not flushed by the nitrogen flow before
mixing with water.
B : Homo polypropylene flushed by the nitrogen flow before mixing
with water.
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