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Expansion and impurity removal technology for
Quercus variabilis cork

ZHAO Jing-feng' ,SONG Xiao-zhou' ,FENG De-jun',LEI Ya-fang',ZHANG Ying-jie’
(1 College of Forestry , Northwest A& F University ,Yangling , Shaanxi 712100, China
2 Yangling Vocation & Technical College ,Yangling , Shaanxi 712100 ,China)

Abstract; [ Objective] The research studied the factors influencing expansion and impurity remove
from Quercus variabilis cork to obtain the optimal technology. [Method) Orthogonal experimental design
was used to investigate the expansion and impurity removing technology for Q. wariabilis cork from
Shaanxi,Gansu and Hubei province. [Result] Extrusion pressure, pressure holding time and pretreatment
method were the main factors of cork volume expansion and impurity removal rate. Effect of extrusion
pressure was extremely significant while effect of holding time and pretreatment method were significant or
generally significant. In the experimental range, the optimal conditions were: expansion pressure 0. 9 MPa,
holding time 20 min, pretreatment with boiling water for 1 h,and thickness 15—20 mm. [Conclusion) Un-
der the optimal conditions,the volume expansion rate was 40. 35% and impurity removal rate was 22. 15%.

Key words: Quercus variabilis cork;expansion;impurity removal;technology optimization
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Table 1  Factor levels of expansion and impurity removal process optimization for Q. variabilis cork

[H & Factor

KT A b

\ . C D
AV R 4/ MPa < el ]/
Level [ ZLAS 71‘,_ MPa ﬁéEHT‘IﬁJ/ min Fikh 3T 7 5t AR /mm
Expansion Pressure .
. . Pretreatment Thickness
pressure holding time
1 0.7 10 k2% Uncooked 10
FHEE K R I 24 h
5 —_
2 0.8 15 Methanol water solution 24 h 10~15
3 0.9 20 7k 7% 1 h Boiling water 1 h 15~20
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Flow chart of cork expansion and impurity removal
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Table 2 Orthogonal experimental design and results for expansion and impurity removal process of Q. variabilis cork
%15 Row No. K56 48 b5 Test indicator
= 23 %) Pl
ifpfe A B AXB c AXC  BXC D Ejrinify BXC Efniﬂy BB/ D0 e e s
No. column column Volume Impurity rate
1 2 3 4 5 6 7 8 9 1o 11 12 13 expansion
1 1 1 1 1 1 1 1 1 1 1 1 1 1 27.12 18. 25
2 1 1 1 1 2 2 2 2 2 2 2 2 2 25.78 16. 35
3 1 1 1 1 3 3 3 3 3 3 3 3 3 42. 81 21.24
4 1 2 2 2 1 1 1 2 2 2 3 3 3 35.75 19. 29
5 1 2 2 2 2 2 2 3 3 3 1 1 1 32.19 16. 42
6 1 2 2 2 3 3 3 1 1 1 2 2 2 39.16 18. 36
7 1 3 3 3 1 1 1 3 3 3 2 2 2 32.23 21. 86
8 1 3 3 3 2 2 2 1 1 1 3 3 3 42. 87 19. 83
9 1 3 3 3 3 3 3 2 2 2 1 1 1 37.82 22.89
10 2 1 2 3 1 2 3 1 2 3 1 2 3 27.19 11. 65
11 2 1 2 3 2 3 1 2 3 1 2 3 1 28.41 17.29
12 2 1 2 3 3 1 2 3 1 2 3 1 2 31.92 23. 36
13 2 2 3 1 1 2 3 2 3 1 3 1 2 25.15 19. 28
14 2 2 3 1 2 3 1 3 1 2 1 2 3 33.29 19. 38
15 2 2 3 1 3 1 2 1 2 3 2 3 1 27.16 15. 35
16 2 3 1 2 1 2 3 3 1 2 2 3 1 25.18 16. 42
17 2 3 1 2 2 3 1 1 2 3 3 1 2 35. 84 22.13
18 2 3 1 2 3 1 2 2 3 1 1 2 3 34. 46 20. 25
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4% 2 Continued table 2
%15 Row No. K56 458 b5 Test indicator
s = 7%
gfpi A B AXB c AXC  BXC D Eiigy BXC Eizgy WBIBIKE/ % ooy
No. column column e)\(/;ali:sn Impurity rate
1 2 3 4 5 6 7 8 9 10 11 12 13
19 3 1 3 2 1 3 2 1 3 2 1 3 2 30. 25 19.12
20 3 1 3 2 2 1 3 2 1 3 2 1 3 34.47 22.26
21 3 1 3 2 3 2 1 3 2 1 3 2 1 37. 45 17.76
22 3 2 1 3 1 3 2 2 1 3 3 2 1 35.95 20. 29
23 3 2 1 3 2 1 3 3 2 1 1 3 2 39. 48 21.48
24 3 2 1 3 3 2 1 1 3 2 2 1 3 34.21 24.93
25 3 3 2 1 1 3 2 3 2 1 2 1 3 39. 84 22.18
26 3 3 2 1 2 1 3 1 3 2 3 2 1 42.53 24.01
27 3 3 2 1 3 2 1 2 1 3 1 3 2 37.59 22.24
3 BEGRACREREZMEZENTESNT
Table 3 Variance analysis on volume expansion of Q. variabilis cork
;chiﬂf[ Deﬁjﬁiiﬁire D:lgierg;)[ s F 1 E%@
variation sum freedom Mean square F value Significance
A 239.59 2 119. 80 10. 62 Di A
B 104. 06 2 52.03 4.61 DAk
AXB 18.52 1 4.63 0.41 —
C 122.19 2 61.09 5.10 DAGAY
AXC 83. 00 4 20.75 1. 84 —
BXC 132.91 1 33.23 2. 86 —
%2 Error 90. 25 8 11.28
S Total 790.52 26

H:Fo.01(2,8)=8.65,F 05(2,8)=4.46,F010(2,8)=3.11, 24 F>F, o1 i}, H Ye Yo s TR W B K534 Fooos<<F<<Fo. o1 i}, F ¥ ¢

FRIE B H K F<Fo 0l 1" —" RARARREKF

Note: Fo 01 (2,8)=8.65,F; 05(2,8)=4.46,F; 10(2,8)=3.11. “Y%y¥¥¢” indicates extremely significant (F>F, ¢1);“Yc¥c” indicates sig-
nificant (Fg 05 <F<CFy. 01) ;“—"indicates insignificant(F<_F; 10).
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Table 4 Variance analysis on impurity removal rate of Q. variabilis cork

7 22 R IR i 2 ¥ J5 F B

Sour'cej% of Deviation square Degree of Mcaffuarc Fij{?uc Sijﬁiﬁc‘aﬁt‘t‘mc
variation sum freedom
A 60. 78 2 30. 39 11. 30 PAG A
B 45.01 2 22.51 8. 37 DA
AXB 9.28 4 2.32 0. 86 —
C 24. 60 2 12.30 4.57 bid
AXC 30. 70 4 7.67 2.85 —
BXC 16. 55 4 4.14 1.54 —
D 16. 31 2 8.16 3.03 —
%22 Error 16.12 6 2.69
SR Total 203.23 26

1 Fo.01(2,6)=10.92,F; 05(2.6)=5.14,F. 10(2,6) =3.46, 24 F>F, o1 i . F ¥ Y Yo 2R 5 M ik e &b 2 7K 7524 Fo, o5 <<F<<F,. o1 B,
YV RN W IE 3K T 52 Foo10<<F<<{Fo. o5 i, ¥ R 5 M0 Ry — i B 257K s F<Fo 10 Y —" R TR EZ .
Note: Fo.01(2,6)=10.92,F¢ 05 (2,6)=5.14,F 10(2,6)=3. 46. “Yevcvc” indicates extremely significant (F>F; 1) ;“Y¢y%” indicates sig-
nificant (Fo 05<<F< Fy.01);“¥¢” indicates generally significant (Fy o< F<F, ;) ;— indicates no difference( F<_Fy 10).

ZEA TS B ROR R 2 R AE T 245000
JEEE 15 ~20 mm EOARB, K788 1 h 5 1E
0.9 MPa J& Jj F & AL # 20 min,

MR Hr A LLE L S AR I 0.7 MPa
LFHE] 0.9 MPa B, #OAR AR BUR ik 56 B 24 6 34 5
WA )5 FEES . #F 0. 8 MPa B ik 3] & 1%, L [ 7] fig
550. 8 MPa i) 51 5 5 B 518 A G, R JOR 48
L P R ik = T 2 A B IR D) 260 e B AE JROR AN B BT
JE 125 T R G0 B 0 S ORI A AR B T A BE T
BRI 7 2% . Wi Bk Rl R 4 2%, Rk 0. 8 MPa
f1% JH) 38 35 SRR T 0. 7 MPa, £ A RE B BUER /N 14
JE 71 25 BRAR TR B I SR M BR 24 3 52 ) T i Ak 2k
H.

2512 0 R 2 X O TR R ik 8 5 B 4 S 11 5% 1)
. —BEOT ORI R B K R K, Ay
T TE AR A T B 2 AR R . [ 28 A i R
PR 2R 10 2 4 PR R 36 AR S B A RO T L AR Ak Bk 4
HIBAE T 25 40 JE B 15 ~20 mm (R B, 48
WK 1 h J57E 0.9 MPa JE J5 F 4 JE &b 3 20
min, ZI50 KIE, A B L T2 N ORI B 24 %
22,150 RFURZ Ik % R 40. 3500, 3y TR 5
SERE AR A ROR BAF .

3 4 ik

1) 50 e K2 B EROR PR FRURE Jik 38 T R 2 32 1) 32
BHFEREEAE T ST B — i)
i Ak 7 e 8 A W D) 350 R B A R g 22 K, UK
AR TRAGTE T 43 PR FEURE K Al B 9O R FRURE ik %
[t Sy SN R = I (S A W A S R (=

i & 0y 2k i H ALK T8 0.9 MPa,

2) P I [i) T Ak B 7 SR R e R K AR ROR
PRI Ik R FIBR A IR B R . ORI & K 3 8%
1% B 3B PR AN AR 34 A 2% L AT TAL B AT ARG i
KRB 53 38 Y I K P e I [R] A B T # & Fl oK
SEIHE AR AE 8 1 B T T A YR AR - DT $R
ARG A5 B 38 53 B K o BOR B AR BRI ik 58 R0 B )
RUER:1 N (B P23 - S B 7 21 B =B U IR SO S
R T IR, A R FAL B SO K 2R 1
h - 20 min, BOR B JE FE X HOR R TR ik 2% F0
B 2% 2 10 5 M 370N

3) LRGN B A H AR ORI AL R 2% 1)
BAETZ R JBEE 15~20 mm BHOR MR, ik Kz
#1hJ57E 0.9 MPa J& JJ FORJEAFE 20 min, % T
2o e A PR 3 50 v T P X AR TR sl Ak B 1)
A I A5 R 855 A2 70 S BRIk B i — IR R A
TZ,

4) X T A A 2 0 [ A B AR ORI Ak
R 2 R AT PR R ek R 2B 7 BR L O 12 R v BRI AR Y
BOARH G EEE T KT lE, Barmorse A
I I 3 5 2 0K g JF R A 1 R O DRk el P v
F) LAl B T . B3 20 R S R 0T 5 T B . i o xf
OR Py # AL 22 e 1 4% B M RE LI AL HLEE 4 I B IR A
WEIE s e B AR SRR A 6 2% 1) Tl Ak A= 7 F ik g
Pt e B B R S HCRENR AR

[ &% sk ]
(1] BHE% SRR HORAT AL & 2 B (1), BEPE AL . 2008(6) : 14-

15.



92

P Al e MR K AR

543 &

(2]

(3]

(5]

(6]

(7]

(8]

9]

Luo S H. Explor the cork industry development path []].
Shaanxi Forest,2008(6) :14-15. (in Chinese)

HEZ. 8 & REHAR TR [T Mol BLAR 5 A Tk
#,2009,37(3):10-12.

Gan Q M, Lt H. Development status of cork industry in China
[J]. Forestry Machinery & Woodworking Equipment,2009,37
(3): 10-12. (in Chinese)

SRR R SOME , 8 — 41, 45 rh R R (ML de st E Al
HREEE 52009 :255-276.

Luo W X, Zhang W H, Huang Y Z, et al. Chinese cork oak
[M]. Beijing: China Forestry Publishing House, 2009 :255-276.
(in Chinese)

PP, EER, £2 22, LY/T 1317—99 # & [S]. dtst:
e A AR S B L 1999.

DuZ W,Wang Y M, Wang Z L,et al. LY/T 1317 — 99 Cork
[S]. Beijing: Ministry of Forestry of the People’s Republic of
China, 1999. (in Chinese)

Rudnitskaya A, Delgadillo I, Rocha S M, et al. Quality evalua-
tion of cork from Quercus suber L. by the electronic tongue
[J]. Analytica Chimica Acta,2006,563:315-318.

L R T N 9 A A E Y G [ PR Sl B 7 N4 2
1989.27-31.

Du Z W. Cork and its application [ M]. Beijing: China Forestry
Publishing House,1989:27-31. (in Chinese)

AT U AR MR AROR I AL BR 4 T2 S LA 5E (D] Bepb 7%
PR AR B R A, 2012,

Zhao ] F. Research expansion impurities removing technology
and mechanisms of Quercus wvariabilis cork [ D]. Yangling,
Shaanxi: Northwest A& F University,2012. (in Chinese)
DE 58 BT B W ORI AL b B BRSOk R [T ],
PEAb AR B 2 4. 2010,25(1) : 154-156.

Ma Z L,Lei Y F,Zhao J F. Current situations and development
trend of the expansion of cork [J]. Journal of Northwest For-
estry University,2010,25(1) ;:154-156. (in Chinese)
BRI, TR DY, T 58, ORI IE AL b B T2 WF 58 [T] R
Tk ,2009,23(6) :31-33.

Zhao ] F,Lei Y F,Ma Z L. A study on expansion process of

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

cork [J]. China Wood Industry, 2009, 23 (6):31-33. (in Chi-
nese)
MoZDLEZREELBR SR AR EOR B AR A Y AT Y K PR
s R A LT AR A = 5 48R, 2001, 8(1) 19-20.
Ye H,LiJ H,Chen B,et al. Steam explosion pretreatment and
its application of lignocellulose [ J]. Chemical Production and
Technology,2001,8(1) :19-20. (in Chinese)
RIESE I AR TUR BRI S O [T g AR
2007(4):17-19.
Song X L,Jiang ] X. Progress of steam explosion pulping [J].
Hunan Papermaking,2007(4) :17-19. (in Chinese)
Silva Carvalho J. Thermochemical process for the expansion of
cork bark Portugal ,PT101215 [PJ]. 1993-10-29.
Pereira H,Emilia R M,Fortes M A. The cellular structure of
cork from Quercus suber L. []]. lawa Bulletinns,1987,8(3)
213-217.
Silva S P, Sabino M A, Fernandes E M, et al. Cork: Proper-
ties, capabilities and applications [ J]. International Materials
Reviews,2005,50(6) :345-365.
XHE OU, BT A A, A5 BRI AR B AR O 1 5 4 2 1
WEFE sk e (1], DU AR2ABE 241k, 2007,22(6) - 144-147.
Liu Y Z,Lei Y F,Zhou W,et al. Research and development of
the structure and physical properties of cork from Quercus
suber L. []]. Journal of Northwest Forestry University,
2007,22 (6):144-147. (in Chinese )
TS X v /AR S R R BR ORI RO M [ Ak
AR ,2009,45(1) :167-170.
Lei Y F.Liu Y Z.Zhou W.et al. The microstructure of cork
from Quercus wvariabilis [ ]]. Scientia Silvae Sinicae, 2009, 45
(1):167-170. (in Chinese)
Pereira H. The thermochemical degradation of cork [J]. Wood
Sci Technol,1992,26(4) :259-269.
g R LB 5000 (M. 2 B Jbat: & 5 B0F R
#1.,2003:246-278.
Ren L Q. Experimental design and analysis optimization [ M].
2nd ed. Beijing: Higher Education Press, 2003 246-278. (in
Chinese)



