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The objectives of this study were to determine the effects of treated acid and pH level of 
interleaving paper on its glass stain retardability and properties.  Handsheets of interleaving paper 
were treated with two factors consisted of acid types and pH levels.  Two types of weak acids and 
a strong acid provided by Teppatana Paper Mill Co., Ltd., i.e., TEP01 and TEP02, and TEP03, 
respectively were used for treating the handsheets to achieve pH 4.0, 5.0 and 6.0.  The treated 
handsheets were subjected to examining their glass stain retardability in a glass warehouse with an 
average temperature of 32 oC and relative humidity of 92 %.  Glass stain occurrence was observed 
every 30 days until 120 days.  Handsheet properties such as apparent density, air permeability, 
tensile strength, brightness and opacity were also assessed in accordance with the TAPPI 
standards. The results indicated that the handsheets treated with TEP02 at pH 4.0 showed the best 
performance for retarding the glass stain occurrence, i.e. there was no glass stain and fungal 
occurrence until 120 days.   The mechanical and physical properties of treated handsheets were 
affected by acids and pH levels possibly due to acid hydrolysis partially weakening fibers and 
dissolving fines in the handsheets. 
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ก=>SDGT@UMก=>Vก (Glass Interleaving Paper) W<XM?@YSZT@UM (Interleaving Material) J[UMB\]

^_`ก@M^MaZAYDbก==]ก=>Vก]DกJ[UYZS WMcUaLVDก^b̀T?D]Y>S?ก^MกD=^_`LDM <daLก@MกD=ABSก@M
HI>_e?\f@gH=Lก=>HJกhaLHieMก=>Vกhj>f`aMก@M <daLก@MT?D]WY[\bD\haLก=>Vกa@M
WMcUaL]DVDกกD=hMYeL HI>J[UYKDT@kJ[UYZSTcabMe?LกD=WกBST=DgiB?ก=>Vก (Stain) a@MWMcUaLVDก
<lBกB=B\D=>b?eDLT?D]_cmMก@gก=>Vก fFUL<lBกB=B\D=>b?eDLT?D]_cmMก@gก=>VกM@mMV>JKD^b̀WMcmahaL
ก=>VกnoกJKDID\ =?]nFLJKD^b̀WกBST=DgiB?ก=>Vก (EoM\pWJTqMqI\[qIb>HI>?@YSZHbeL_DAB, 2547; 
Chitwatcharakomol, 1995) I@กGj><skbDS@LกIeD?W<XMYBULYKDT@k^MaZAYDbก==]ก=>VกW<XMa\eDL
]Dก bDกVKDW<XMÀaLWกtgก=>Vก^MqกS@LJ[U][T?D]_cmMYoL b=cahMYeLก=>Vกu<\@LAeDL<=>WJEqS\JDL
W=ca a\eDLu=กtAD]bDกก=>SDGT@UMก=>VกJ[U^_`][YvDwT?D]W<XMก=S V>YD]D=n_e?\bMe?LกD=WกBS
T=DgiB?ก=>Vกa@MWMcUaLVDก<lBกB=B\D=>b?eDLT?D]_cmMก@gก=>VกuS̀ qS\T?D]YD]D=n^MกD=bMe?L
S@LกIeD?V>hFmMa\oeก@g_MBShaLก=Sb=caYD=WT][J[U^_`^Mh@mMAaMhaLกD=iIBAก=>SDGT@UMก=>Vก fFUL
^M<sVVZg@M<=>WJEuJ\][Ww[\L g=BG@J WJww@xMDก=>SDG VKDก@S W<XMio`iIBAก=>SDGT@UMก=>VกWw[\L
=D\WS[\? <=B]DjกD=iIBAHI>]oITeDhaLก=>SDGT@UMก=>Vก][HM?qM̀]]DกhFmMJZก<yAD]กD=
WV=BkWABgqAJDLWE=GzกBV qS\^M<y w.E. 2551 ][กKDI@LกD=iIBA<=>]Dj 1,772 A@M TBSW<XM]oITeD
<=>]Dj 50 I`DMgDJ HAeก=>M@mM <skbDhaLก=>SDGT@UMก=>VกJ[UiIBAHI>VKDbMeD\wg?eD][
T?D]YD]D=n^MกD=bMe?LกD=WกBST=DgiB?ก=>Vกa@MWMcUaLVDก<lBกB=B\D=>b?eDLT?D]_cmMก@gก=>Vก
\@LS̀a\ก?eDก=>SDGT@UMก=>VกJ[UMKDWh`DVDกAeDL<=>WJE กIeD?TcabDกMKDก=>SDGT@UMก=>VกJ[UiIBAuS̀
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hMDShaLก=>VกJ[UiIBA\@L][hMDSWItกa\oe Aea]DW]cUa][T?D]ÀaLกD=^_`ก=>VกWwBU]]DกhFmM HI>กD=^_`
LDMJ[UbIDกbID\ JKD^b̀hMDShaLก=>VกbIDกbID\hFmM HI>][hMDS^bkehFmM ?@YSZT@UM VFLW=BU]][
gJgDJ^Mh@mMAaMกD=hMYeLHI>V@SWกtg W=BU]VDกกD=^_`H<dLq=\ (Powdered) J[UiB?bM̀DhaLก=>Vก
WwcUa<daLก@MกD=ABSก@MhaLHieMก=>VกHI><daLก@MกD=WกBST=Dg (Duffer et al., 1985) Aea]Du]eW<XM
J[UMB\]WMcUaLVDกio`^_`V>ÀaLJKDT?D]Y>aDSJZกT=@mLกeaMMKDu<^_`LDM VFLW<I[U\M]D^_`W]tSwIDYABก 
(Plastic Bead) W<XM?@YSZT@UM (Franz, 1997) HAeกt\@L][h`aWY[\^MW=cUaLhaLT?D]Y>S?ก^MกD=^_`LDM fFUL
Aea]DuS̀?B?@xMDกD=]D^_`ก=>SDGW<XM?@YSZT@UMก=>Vก qS\W=[\ก?eD ก=>SDGT@UMก=>Vก WMcUaLS̀?\
ก=>SDGW<XM?@YSZJ[UbDLeD\ HI>Y>S?กAeaกD=^_`LDMS@LHYSL^MvDwJ[U 1 

 

 
 


��23� 1  I@กGj>กD=^_`LDMก=>SDGT@UMก=>Vก 
 
23�5�: {|D\w@xMD}Z=กBV g=BG@J WJww@xMDก=>SDG VKDก@S (2552) 
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1.  ก��789*:8�ก��;<=ก�����
��	ก���ก;	,��02>?2@ 
 
<sVVZg@M^M<=>WJEuJ\ ][Ww[\Lg=BG@J WJww@xMDก=>SDG VKDก@S Ww[\LHbeLWS[\?J[U\@LTLiIBA

ก=>SDGT@UMก=>Vก<daM^b̀ก@gq=LLDMก=>VกHieMW=[\gJ@mL 3 g=BG@J Tca g=BG@J ก=>VกuJ\-aDfD�[
VKDก@S (]bD_M) g=BG@J ก=>VกY\D]กD=pWS[\M VKDก@S HI>g=BG@J ก=>VกY\D] VKDก@S WMcUaL]DVDก
ก=>SDG_MBSM[m W<XMก=>SDGJ[Uq=LLDMWbIeDM[m  uS̀กKDbMSY]g@ABhaLก=>SDGhFmM]DW<XMwBWEG
MaกWbMcaVDกY]g@ABwcmMzDMJ@U?u< JKD^b̀ก=>g?MกD=J[U^_`iIBAก=>SDGT@UMก=>Vก][T?D]\ZeL\Dก
]Dกก?eDก=>g?MกD=iIBAก=>SDGJ@U?u< a[กJ@mL<=B]DjT?D]ÀaLกD=^_`ก=>SDGT@UMก=>Vก
vD\^M<=>WJEu]eWb]D>Y]ก@gกKDI@LกD=iIBAhaLWT=cUaLV@ก=iIBAก=>SDG^M<sVVZg@M MaกVDกV>^b̀
<=B]Djก=>SDGJ[U]DกWกBMu<HI`? \@LJKD^b̀WกBSกD=YokWY[\J[U]Dกก?eD<กAB WMcUaLVDกก=>SDG<=>WvJ
M[mV>][MmKDbM@ก]oIzDM (Basis Weight) Ww[\L 35-48 ก=@]AeaAD=DLW]A= WJeDM@mM JKD^b̀ก=>SDGaDV
hDS (Sheet Break) uS̀qS\LeD\J[UT?D]W=t?haLWT=cUaLV@ก=iIBAก=>SDGYoL� 
 

?@AnZSBgJ[U^_`^MกD=iIBAก=>SDGT@UMก=>Vก<sVVZg@MV>W<XMก=>SDG^_`HI`? (Waste Paper) J[U
iIBAVDกW\cUaW_BLกI (Mechanical Pulp) b=caaDVW=[\กก@MJ@U?u<?eD ก=>SDG<=o��hD? (White Blank 
News) WMcUaLVDกก=>SDGJ[UiIBAVDกW\cUaW_BLกIW]cUaMKDกI@g]DW<XM?@AnZSBgiIBAW<XMก=>SDG^b]ea[ก
T=@mL Y]g@ABS̀DMT?D]HhtLH=LhaLก=>SDGV>\BULWwBU]hFmM HI>\@L][Y@SYe?MhaLWY`M^\\D?a\oe]DกW]cUa
WJ[\gก@g?@AnZSBg_MBSacUM W_eM ก=>SDG^_`HI`?J[UiIBAVDกW\cUaWT][ (Chemical Pulp) W<XMÀM fFULV>
YeLiIAeaT?D]HhtLH=LhaLก=>SDGJ[UMmKDbM@ก]oIzDMAUKD� WMcUaLVDกWY`M^\\D?YD]D=nY=̀DLw@M}>
ก@gWY`M^\h`DLWT[\LuS̀]Dกก?eDWY`M^\Y@mM (Howard and Bichard, 1992) S@LM@mMก=>g?MกD=^MกD=
iIBAก=>SDGT@UMก=>VกVFL][T?D]TI`D\TIFLก@gกD=iIBAก=>SDGbM@LYcawB]wpVDกbM@LYcawB]wp^_`
HI`? (Old News Print) a\eDLu=กtAD]^MกD=iIBAก=>SDGT@UMก=>VกÀaL^b̀T?D]^Ye^V^MW=cUaL
<=B]Dj?@AnZYD=WbM[\? (Sticky) VFLJKD^b̀ÀaLWwBU]VKDM?MwM@กLDM^MกD=T@SWIcaก (Sorting) 
ก=>SDGaaกVDก?@AnZYD=WbM[\?J[U<><M]Dก@g?@AnZSBg^b̀uS̀]DกJ[UYZS =?]nFLWwBU]VKDM?MWT=cUaLT@S
ก=aLWY`M^\^MHM?A@mL (Vertical Screen) ]Dกก?eD<กABWwcUaกKDV@SWaD?@AnZYD=WbM[\?J[U<><M]Dก@g
?@AnZSBgaaกVMb]S JKD^b̀h@mMAaM^MกD=A=?VYagTZjvDwhaLก=>SDG MaกVDกV>A=?VYag
Y]g@ABS̀DMT?D]HhtLH=LHI>J@EMY]g@ABHI`? \@LÀaLA=?VYag<=B]Dj?@AnZYD=WbM[\? =?]nFL=>S@g
T?D]W<XMก=S-SeDLhaLก=>SDGT@UMก=>Vก^b̀][YvDwT?D]W<XMก=S^M_e?LJ[UกKDbMS WwcUa^b̀ก=>SDG
T@UMก=>Vก][T?D]YD]D=n^MกD=bMe?LกD=WกBST=DgiB?ก=>Vกa@MWMcUaLVDก<lBกB=B\D=>b?eDL
T?D]_cmMก@gก=>Vก qS\T?D]YD]D=n^MกD=bMe?LS@LกIeD?V>hFmMa\oeก@g=>S@gT?D]W<XMก=S-SeDL
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HI>_MBShaLก=Sb=caYD=WT][J[U^_`^Mh@mMAaMhaLกD=iIBAก=>SDGT@UMก=>Vก h@mMAaMb=ca
ก=>g?MกD=iIBAก=>SDGT@UMก=>VกS@LHYSL^MvDwJ[U 2  
 

Sorting  T@SH\ก?@AnZYD=WbM[\?aaกVDกก=>SDG<=o��hD? 
   

Hydra Pulper  ก=>VD\W\cUaก=>SDG<=o��hD?^MMmKD T?D]Wh`]h`MMmKDW\cUa=`a\I> 4-6 
   

HD Cleaner 
 H\กYBULH<Iก<Ia]bM@กaaกVDกMmKDW\cUa  

T?D]Wh`]h`MMmKDW\cUa=`a\I> 3-4 
   

Defibrizer 
 ก=>VD\W\cUa^b`S[hFmMWwBU]WAB]VDกh@mMAaMก=>VD\W\cUa^M Hydra Pulper 

T?D]Wh`]h`MMmKDW\cUa=`a\I> 3-4 
   

Jonson Screen 
 H\กYBULH<Iก<Ia]hMDS^bkeaaกVDกMmKDW\cUa  

T?D]Wh`]h`MMmKDW\cUa=`a\I> 3-4 
   

LD Cleaner 
 H\กYBULH<Iก<Ia]hMDSWItกJ[U][T?D]bMDHMeMAUKDaaกVDกMmKDW\cUa  

T?D]Wh`]h`MMmKDW\cUa=`a\I> 2-3 
   

Vertical Screen  H\ก?@AnZYD=WbM[\?aaกVDกMmKDW\cUa T?D]Wh`]hM̀MmKDW\cUa=`a\I> 2-3 
   

Thickener  WwBU]T?D]Wh`]h`MhaLMmKDW\cUa T?D]Wh`]h`MMmKDW\cUa=`a\I> 4-6 
   

Refiner 
 gSW\cUaWwcUaJKD^b`WỲM^\][Y]g@ABJ[UWb]D>AeaกD=iIBAก=>SDGJ[UHhtLH=L 

T?D]Wh`]h`MMmKDW\cUa=`a\I> 4-6 
   

Control pH 
 <=@g=>S@gT?D]W<XMก=S-SeDLhaLMmKDW\cUa ^b`a\oê M_e?L 3.0-4.0  

T?D]Wh`]h`MMmKDW\cUa=`a\I> 4-6 
   

Fungicides  ^YeYD=WT][\@g\@mLW_cma=DIL^MMmKDW\cUa 
   

Paper Machine  hFmM=o<W<XMHieMก=>SDGT@UMก=>Vก T?D]Wh`]h`MMmKDW\cUa=`a\I> 0.5-0.8 
   

Quality Control 
 =>S@gT?D]W<XMก=S-SeDLhaLก=>SDGT@UMก=>Vกa\oe^M_e?L 4.0-5.0 

<=B]Dj?@AnZYD=WbM[\?haLก=>SDGT@UMก=>Vกu]eWกBM=`a\I> 10 

 

��23� 2  ก=>g?MกD=iIBAก=>SDGT@UMก=>Vก 
 
23�5�: {|D\<lBg@ABกD= g=BG@JWJww@xMDก=>SDGVKDก@S (2557) 
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MaกVDกกD=WกBST=DgiB?ก=>Vกa@MWMcUaLVDก<lBกB=B\D=>b?eDLT?D]_cmMก@gก=>VกS@LJ[UuS̀
กIeD?]DHI`?h`DLÀM กD=WกBS<skbDT=DgiB?ก=>VกVDกYDWbAZacUMJ[UwgWbtMuS̀gea\TcaกD=WกBSW<XM
T=Dg=DgMiB?ก=>Vกa@MWMcUaLVDกกD=^_`ก=>SDGT@UMก=>Vก fFULqS\J@U?u<HI>^MYvD?>T?D]W<XM
ก=ShaLก=>SDGT@UMก=>Vก V>WacmaAeaกD=WกBS=DW]cUa][<=B]DjT?D]_cmM^Mhj>V@SWกtgก=>Vก]Dกwa 
(WกE=BMJ=p, 2552) a\eDLu=กtAD] กD=WกBS<skbDS@LกIeD?YD]D=n<daLก@MuS̀qS\กD=^_`YD=WT][\@g\@mL
W_cma=D (Fungicides) S@LHYSL^MvDwJ[U 3 iY]IL^MMmKDW\cUaกD=iIBAก=>SDGqS\<=B]DjกD=^_`V>a\oe
=>b?eDL 1-2 กBqIก=@] haLYD=WT][\@g\@mLW_cma=DAeaMmKDbM@กW\cUaHb̀L 1 A@M ({|D\<lBg@ABกD= g=BG@J WJw
w@xMDก=>SDG VKDก@S, 2556) 

 

 
 

��23� 3  YD=WT][\@g\@mLW_cma=DJ[U^_`^Mq=LLDMiIBAก=>SDGT@UMก=>Vก 

 
H]`?eDT?D]ÀaLกD=^_`ก=>SDGT@UMก=>VกvD\^M<=>WJEV>][<=B]DjWw[\LWItกM̀a\W]cUaWJ[\g

ก@gก=>SDG_MBSacUM� HAeT?D]ÀaLกD=\@LTLWwBU]hFmMa\eDLAeaWMcUaL =?]nFL]oITeDAeabMe?\haL
iIBAv@j�pกtWwBU]hFmMS̀?\ WMcUaLVDกกD=J[U][io`iIBAWw[\L=D\WS[\?^M<=>WJEM@UMWaL S@L=D\I>Wa[\SHYSL
^MAD=DLJ[U 1 
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*���.23� 1  กKDI@LกD=iIBAHI>\aShD\ก=>SDGT@UMก=>Vก <y w.E. 2545-2551 
 

<y w.E. กKDI@LกD=iIBA (กBqIก=@]) \aShD\ (กBqIก=@]) ]oITeD (gDJ) 
2545 
2546 
2547 
2548 
2549 
2550 
2551 

1,379,526.00 
1,496,793.00 
1,468,790.00 
1,559,925.00 
1,505,475.00 
1,667,498.00 
1,772,331.00 

1,052,462.96 
1,073,845.38 
1,252,666.66 
1,118,796.98 
1,315,222.25 
1,464,456.22 
1,418,383.83 

29,416,250.14 
30,401,051.73 
33,699,589.36 
31,744,082.80 
40,069,134.19 
48,750,114.68 
50,534,889.27 

 
23�5�: {|D\w@xMD}Z=กBVHI>{|D\<lBg@ABกD= g=BG@JWJww@xMDก=>SDGVKDก@S (2552) 
 

^M<y w.E. 2551 กKDI@LกD=iIBAก=>SDGT@UMก=>VกvD\^M<=>WJE][<=B]Dj 1,772 A@M fFUL][
]oITeDก?eD 50 I`DMgDJ J@mLM[mW<XMกD=^_`ก=>SDGT@UMก=>VกJ[UiIBAvD\^M<=>WJEW<XMกD=^_`WwcUa
hMYeLก=>VกvD\^M<=>WJEHI>YKDb=@gT@UMก=>VกYKDb=@gWกtgก=>Vกu?̀^MqกS@LW<XM=>\>W?ID
Y@mM� S@L=D\I>Wa[\SHYSL^MAD=DLJ[U 2 J@mLM[mWMcUaLVDกก=>SDGT@UMก=>VกJ[UiIBAHI>VKDbMeD\
vD\^M<=>WJE][T?D]YD]D=n^MกD=bMe?LกD=WกBST=DgiB?ก=>Vกa@MWMcUaLVDก<lBกB=B\D=>b?eDL
T?D]_cmMก@gก=>Vก\@LS̀a\ก?eDก=>SDGT@UMก=>VกJ[UMKDWh`DVDกAeDL<=>WJE กIeD?TcabDกMKDก=>SDG
T@UMก=>VกJ[UiIBAvD\^M<=>WJEu<^_`T@UMก=>VกWกtgu?̀^MqกS@LJ[U][T?D]_cmMYoL b=ca^_`hMYeLก=>Vก
u<\@LAeDL<=>WJEqS\JDLW=ca ]@กV>JKD^b̀WกBST=DgiB?ก=>VกY[hD?vD\^M=>\>W?IDu]eWกBM 2 WScaM 
S@LHYSL^MvDwJ[U 4 ({|D\<lBg@ABกD= g=BG@J WJww@xMDก=>SDG VKDก@S, 2552; {|D\w@xMD}Z=กBV 
g=BG@J WJww@xMDก=>SDG VKDก@S, 2552) 
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*���.23� 2  \aShD\ก=>SDGT@UMก=>VกH\กAD]g=BG@J <=>VKD<y w.E. 2551 
 

\aShD\ (กBqIก=@]) 
WScaM 

Y\D]กD=pWS[\M aDfD�[ ก=>VกY\D] acUM� 
=?]AeaWScaM 
(กBqIก=@]) 

]oITeD 
(gDJ) 

]T. 
กw. 
][T. 
W]\. 
wT. 
]B\. 
กT. 
YT. 
ก\. 
AT. 
w\. 
}T. 

35,961.83 
66,776.16 
61,577.80 
52,368.35 
50,547.51 
71,103.57 
50,354.63 
30,405.90 
93,186.05 
26,429.58 
56,546.05 
62,053.75 

49,213.74 
60,682.55 
47,812.83 
41,405.05 
43,869.60 
30,326.52 
11,995.55 
51,158.86 
45,077.88 
35,938.20 
23,951.10 
36,712.70 

9,209.69 
19,320.91 
28,916.39 
17,090.63 
12,199.33 
18,726.66 
28,630.80 
13,867.20 
34,498.40 
10,036.92 
18,742.72 
20,946.40 

4,504.43 
5,457.38 
4,961.7 

7,197.90 
3,894.91 
5,668.30 
1,909.50 
5,269.60 
6,036.45 
3,150.80 
1,600.62 
1,090.40 

98,889.69 
152,237.00 
143,268.75 
118,061.93 
110,511.35 
125,825.05 
92,890.48 

100,701.56 
178,798.78 
75,555.50 

100,840.49 
120,803.25 

3,320,496.22 
5,223,546.92 
5,002,447.27 
4,176,905.78 
3,869,918.52 
4,453,841.60 
3,298,194.99 
3,567,776.48 
6,352,247.57 
2,830,497.52 
3,839,961.20 
4,599,055.20 

=?] 657,311.18 478,144.58 232,186.05 50,742.02 1,418,383.83 50,534,889.27 

 
23�5�: {|D\w@xMD}Z=กBV g=BG@JWJww@xMDก=>SDGVKDก@S (2552) 
 

 
 


��23� 4  I@กGj>T=DgiB?ก=>Vกa@MWMcUaLVDก<lBกB=B\D=>b?eDLT?D]_cmMก@gก=>Vก 
 
23�5�: g=BG@JWaW_[\WTMS[mVKDก@S (2548) 



 

 

10 

2.  ก8?กก��0ก9�
��D79)ก���ก1�	0	E�1.��ก,F9ก9�9@���G)H�.
)�5<EI	ก�Dก���ก 
 
กD=w@xMDก=>SDGT@UMก=>Vก^b̀][TZjvDwJ[US[hFmMM@mM VKDW<XMa\eDL\BULJ[UV>ÀaLJKDT?D]Wh`D^V

^MW=cUaLhaLY]g@ABJDLWT][haLก=>Vก WwcUa^b̀J=DgnFLYDWbAZJ[UV>JKD^b̀ก=>VกWกBST?D]WY[\bD\J@mLJ[U
YD]D=n]aLWbtMHI>u]eYD]D=n]aLWbtMuS̀ กD=JKD<lBกB=B\Dก@gT?D]_cmMHI>ก�Df^MaDกDEVMJKD^b̀
WกBS<=Dก�กD=jp gIo]]BUL (Blooming) b=ca qfSDgIo] (Soda Bloom) b=caYMB]Hก`? (EoM\p
WJTqMqI\[qIb>HI>?@YSZHbeL_DAB, 2547; Chitwatcharakomol, 1995) =?]nFLกD=<=@g=>S@gT?D]
W<XMก=S-SeDLhaLก=>SDGT@UMก=>Vก^b̀][YvDwT?D]W<XMก=S^M_e?LJ[UกKDbMSfFULYeLiIAea
qT=LY=̀DLhaLก=>SDGT@UMก=>VกS̀?\ 

 
W]cUaWJ[\gก@g?@YSZ<=>WvJacUM� W_eM qIb> HI>qwIBW]a=p ก=>VกM@g?eD][T?D]JMJDMAea

YD=WT][]Dกก?eD HAea\eDLu=กtAD]T?D]_cmMYD]D=nWกBS<lBกB=B\DJDLWT][ก@gก=>VกuS̀S@LM[m 
 
2.1  <lBกB=B\D=>b?eDLT?D]_cmMก@gqT=LY=̀DLก=>Vก 

 
W]cUaก=>VกJ[UJBmLu?̀MDMaDVWกBS<lBกB=B\DWT][ก@gT?D]_cmMuS̀ S@LM[m 

 
≡Si-O-Si≡   +   H2O   →   ≡Si-OH   +   HO-Si≡ 

 
YKDb=@g^MYvDwJ[UW<XMSeDL V>JKD<lBกB=B\DAeaWMcUaLก@gT?D]_cmM 

 
≡Si-O-Si≡   +   OH-   →   ≡Si-OH   +   ≡Si-O- 

≡Si-O-   + H2O   →  ≡Si-OH   +   OH- 
 

<lBกB=B\D^MYvDwJ[UW<XMก=S 
 

≡Si-O-Si≡   +   Na2O   →   2≡Si-O-Na+ 
≡Si-O-Na+   +   H+   →   ≡Si-OH   +   Na+ 
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V>WbtM?eD^MYvDwJ[UW<XMSeDLV>WกBS<lBกB=B\DJ[UAeaWMcUaL fFULJKDID\qT=LY=̀DLhaLก=>Vก
uS̀]Dกก?eDYvDwJ[UW<XMก=S (EoM\pWJTqMqI\[qIb>HI>?@YSZHbeL_DAB, 2547; Chitwatcharakomol, 
1995) 
 

2.2  <lBกB=B\D=>b?eDLT?D]_cmMก@g Na2O 
 

_@mMhaLiB?ก=>VกJ[U][<=B]Dj Na2O ]DกaDVWกBS<lBกB=B\Dก@gT?D]_cmMuS̀LeD\ S@LM[m 
 

Na2O   +   H2O   →   2NaOH 
 

NaOH J[UWกBShFmMV>JKD<lBกB=B\Dก@g CO2 ^MaDกDE 
 

2NaOH   +   CO2   →   Na2CO3   +   H2O 
 

W=[\ก<=DกlกD=jpM[m?eD gIo]]BUL b=ca qfSDgIo] qS\ Na2CO3 ][I@กGj>W<XMT=DgiB?
ก=>VกY[hD?HI>V>bMDhFmMW=cUa\� HI> NaOH fFULW<XMSeDLV>ก@Sก=eaM_@mMfBIBกD (Silica) a[กS̀?\ 
(EoM\pWJTqMqI\[qIb>HI>?@YSZHbeL_DAB, 2547; Chitwatcharakomol, 1995) 
 

S@LJ[UกIeD?]DHI`?h`DLÀMVDกvDwJ[U 3 V>WbtMuS̀?eD W]cUaก=>Vกnoก?DL<=>กgก@MqS\u]e
][กD=<daLก@MJ[UWw[\LwaHI>Wb]D>Y]^M=>b?eDLHieM ก=>VกV>WกBSกD=_KD=ZShFmM qS\HYSL^b̀WbtM
W<XMT=DgiB?ก=>VกY[hD? bDก<Iea\JBmLu?̀MDM T=DgiB?ก=>VกV>][T?D]bMDWwBU]hFmM HI>h\D\?L
ก?̀DLaaกu< VM\DกJ[UV>กKDV@SaaกuS̀qS\LeD\ HI>nFLH]`V>W<XMWw[\LT=DgiB?ก=>VกWw[\LWItกM̀a\กt
AD] กtJKD^b̀u]eYD]D=n^_`LDMก=>VกHieMM@mMuS̀ =o<JDLS̀DMh?D]caW<XMA@?a\eDLhaL<lBกB=B\DJ[U
=ZMH=LJ[UW<XMu<uS̀ S@LM@mMก=>SDGT@UMก=>VกJ[U][Y]g@AB^MกD=bMe?LกD=WกBST=DgiB?ก=>Vกa@M
WMcUaLVDก<lBกB=B\D=>b?eDLT?D]_cmMก@gก=>VกVFLW<XMYBULVKDW<XMAeaio`<=>กagกD=J[UWก[U\?h`aLก@g
ก=>VกVKDW<XMV>ÀaL^_` WwcUa=@กGDTZjvDwhaLก=>VกกeaMnFL]caIoกT`DAeau< 

 
2.3  กIuกกD=IS<lBกB=B\D=>b?eDLT?D]_cmMก@gก=>Vก 

 
VDก<lBกB=B\DJ[UWกBShFmM=>b?eDLT?D]_cmMก@gก=>VกJ[UกIeD?u<HI`?h`DLÀMM@mMV>WbtMuS̀?eD 

YvDwJ[UW<XMSeDLHI><=B]Dj NaOH J[UWwBU]hFmMV>JKD^b̀qT=LY=̀DLhaLก=>VกWY[\bD\HI>JKD^b̀WกBS
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T=DgiB?ก=>VกhFmMuS̀ Franz (1997) uS̀JKDกD=JSIaL^_`ก=SaBMJ=[\p^MกD=AeaÀDMกD=WกBST=DgiB?
ก=>VกqS\WIcaก^_` Adipic Acid fFULW<XM Dicarboxylic Acid ^MกD=JKD<lBกB=B\Dก@g NaOH HI>=@กGD
YvDw^b̀W<XMก=S HAeWMcUaLVDก Adipic Acid I>ID\MmKDuS̀M̀a\J[UaZjbvo]BAUKDVFL^_` Ammonium 
Hydroxide W<XMA@?_e?\^b̀I>ID\^MMmKDS[hFmM S@L<lBกB=B\D 

 
HOOC(CH2)4COOH   +   NH4OH   →   HOOC(CH2)4COO NH4   +   H2O 

 
NaOH J[UWกBShFmM V>JKD<lBกB=B\Dก@g Monoammonium Adipate HJM CO2 S@L<lBกB=B\D 

 
HOOC(CH2)4COO NH4   +   NaOH   →   NaOOC(CH2)4COONH4   +   H2O 

NaOOC(CH2)4COONH4   +   NaOH   →   NaOOC(CH2)4COONa   +   H2O   +   NH3 
 

VDก<lBกB=B\Dh`DLÀMV>uS̀iIBAv@j�pW<XM Disodium Adipate HJM Na2CO3 fFULV>_e?\IS
กD=WกBS<skbDT=DgiB?ก=>VกuS̀ 

 
V>WbtMuS̀?eDกD=Wกtgก=>VกvD\^ÀYvD?>J[UW<XMก=Sb=ca^_`?@YSZT@UMJ[UW<XMก=S YD]D=n

_e?\\@g\@mL<lBกB=B\DกD=WกBS<=Dก�กD=jpqfSDgIo] VFL][HM?TBSJ[UV>MKDกIuกS@LกIeD?]Dw@xMD?@YSZ
T@UMก=>Vกb=caก=>SDGT@UMก=>VกJ[U][YnDwW<XMก=S]D^_`^MLDMV=BLS@LHYSL^MAD=DLJ[U 3 

 
W]cUaMKDก=>SDGT@UMก=>VกJ[UiIBAvD\^M<=>WJEHI>J[UiIBAVDกAeDL<=>WJE ]DJSYag

bD=>S@gT?D]W<XMก=S-SeDL wg?eDก=>SDGT@UMก=>VกJ[UiIBAvD\^M<=>WJEHI>J[UiIBAVDก
AeDL<=>WJE V>][=>S@gT?D]W<XMก=S-SeDLAUKDก?eD 7.0 b=ca][Y]g@ABW<XMก=S fFULW<XMY]g@ABa@MwFL
<=>YLTpWw[\L<=>กD=WS[\?J[UW<XMT?D]ÀaLกD=haLio`^_`ก=>SDGT@UMก=>Vกb=cag=BG@Jio`iIBAก=>Vก 
Ye?MTeDT?D]w=ZMhaLก=>SDG (Porosity) TeDกD=MKDu��dD (Conductivity) HI><=B]DjaIo]BWM[\] 
(Al) ^Mก=>SDG V>][TeDJ[UAeDLก@MS@LHYSL^MAD=DLJ[U 3 Y]g@ABJ[UAeDLก@MM[maDVW<XMh`a]oIJ[UYKDT@k^M
กD=Hก`uh<skbDก=>SDGT@UMก=>VกJ[UiIBAHI>VKDbMeD\vD\^M<=>WJE][T?D]YD]D=n^MกD=bMe?L
กD=WกBST=DgiB?ก=>Vกa@MWMcUaLVDก<lBกB=B\D=>b?eDLT?D]_cmMก@gก=>VกS̀a\ก?eDก=>SDGT@UMก=>Vก
J[UMKDWh`DVDกAeDL<=>WJE ({|D\w@xMD=>gg g=BG@J WJww@xMDก=>SDG VKDก@S, 2545) 
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*���.23� 3  Y]g@ABgDL<=>กD=haLก=>SDGT@UMก=>VกJ[UiIBAvD\^M<=>WJEHI>J[UiIBAVDก    
AeDL<=>WJE 

 
J[U]DhaLก=>SDG 

T@UMก=>Vก 
T?D]w=ZM 
(s/100 ml) 

=>S@gT?D]W<XM 
ก=S-SeDL 

TeDกD=MKDu��dD 
(µohms/cm) 

<=B]DjaIo]BWM[\] 
(%) 

AeDL<=>WJE_MBSJ[U 1 13 6.1 30 0.26 
AeDL<=>WJE_MBSJ[U 2 20 4.1 50 0.35 

vD\^M<=>WJE 43 4.2 125 1.10 
 
23�5�: {|D\w@xMD=>gg g=BG@J WJww@xMDก=>SDG VKDก@S (2545) 
 
3.  78J1.ก��*H1ก�����
��	ก���ก 
 

กD=w@xMD^b̀ก=>SDGT@UMก=>Vก][T?D]YD]D=n^MกD=bMe?LกD=WกBST=DgiB?ก=>Vกa@M
WMcUaLVDก<lBกB=B\D=>b?eDLT?D]_cmMก@gก=>VกqS\ ^_`ก=S^MกD=<=@g=>S@gT?D]W<XMก=S-SeDLhaL
ก=>SDGT@UMก=>Vก^b̀][YvDwT?D]W<XMก=S^M_e?LJ[UกKDbMSM@mM V>][iIก=>JgAeaWY`M^\WfIIoqIY 
(Cellulose Fibers) J[U^_`iIBAก=>SDGT@UMก=>VกuS̀ กIeD?TcaiM@LWfIIpWY`M^\WfIIoqIYV>
WกBS<lBกB=B\DกD=HAกYID\A@?VDกกD=u�qS=uIYpS̀?\ก=S (Acid Hydrolysis) ^MYe?MJ[UYD]D=n
Wh`DnFLuS̀LeD\ (Accessible Region) b=caJ[UW=[\ก?eDYe?MJ[UW<XMaY@jzDM (Amorphous) W]cUawBVD=jDnFL
HieMก=>SDGT@UMก=>VกfFULWกBSVDกWY`M^\WfIIoqIYJ[U\FSV@gW<XMWMcmaWS[\?ก@MqS\กD=J@gA@?ก@MW<XM
_@mM=>b?eDLWY`M^\WfIIoqIY W]cUa^_`ก=S^MกD=<=@g=>S@gT?D]W<XMก=S-SeDLhaLก=>SDGT@UMก=>Vก
^b̀][YvDwT?D]W<XMก=S V>JKD^b̀iM@LWfIIpWY`M^\WfIIoqIYg=BW?jJ[UWกBS<lBกB=B\DกD=HAกYID\A@?
VDกกD=u�qS=uIYpS̀?\ก=SgDLILb=caaeaMHaILVMYokWY[\T?D]HhtLH=LHI>hMDShaLWY`M^\
WfIIoqIYaDVnoกA@SJaM^b̀][hMDSY@mMILuS̀qS\LeD\ JKD^b̀T?D]HhtLH=LhaLก=>SDGT@UMก=>Vก
ISIL (Lai, 1996; Niskanen, 1998; Young and Rowell, 1986) fFULYaSTI`aLก@gLDM?BV@\haL 
Lacerda et al. (2013) J[UEFกGDaBJ}BwIhaLT?D]Wh`]h`MhaLก=SJ[U][iIAeaY]g@ABhaLWY`M^\VDกÀM
<|DME=MD=D\jp (Sisal Fibers) VDกกD=u�qS=uIYpS̀?\ก=S wg?eDWY`M^\<|DME=MD=D\jpW]cUau�qS=
uIYpS̀?\ก=SกKD]>n@MV>JKD^b̀hMDSWY`M^\<|DME=MD=D\jpY@mMIL HI>V>Y@mMIL]DกhFmMW]cUau�qS=
uIYpS̀?\ก=SกKD]>n@MJ[U][T?D]Wh`]h`M]DกhFmM กIeD?TcahMDSWY`M^\<|DME=MD=D\jpW]cUau�qS=uIYp
S̀?\ก=SกKD]>n@MV>][T?D]\D?qS\W�I[U\Tca 238 218 149 147 HI> 111 u]qT=W]A= W]cUau�qS=uIYp
S̀?\ก=SกKD]>n@MJ[U][T?D]Wh`]h`M=̀a\I> 0 5 10 15 20 HI> 25 AD]IKDS@g S@LHYSL^MvDwJ[U 5 
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��23� 5  hMDShaLWY`M^\<|DME=MD=D\jpnoกu�qS=uIYpS̀?\ก=SกKD]>n@MT?D]Wh`]h`MAeDL� 
 
G5�@0G*�  T?D]Wh`]h`MhaLก=SกKD]>n@M a = 0%; b = 5%; c = 10%; d = 15%; e = 20%; f = 25% 

23�5�: Lacerda et al. (2013) 
 
 MaกVDกY]g@ABS̀DMT?D]HhtLH=LhaLก=>SDGT@UMก=>VกJ[UW<I[U\MH<ILVDกกD=^_`ก=S^M
กD=<=@g=>S@gT?D]W<XMก=S-SeDLhaLก=>SDGT@UMก=>Vก^b̀][YvDwT?D]W<XMก=S^M_e?LJ[UกKDbMS
HI`? qT=LY=̀DLhaLก=>SDGT@UMก=>VกกtWกBSกD=W<I[U\MH<ILW_eMWS[\?ก@M กIeD?Tca W]cUaก=>SDGT@UM
ก=>VกWกBSกD=Hb̀LA@?vD\^ÀกD=hcMA@? (Restraining) qS\iFUL^b̀Hb̀LS̀?\?LHb?MiFULHb̀L (Drying 
Ring) iM@LWfIIpWY`M^\WfIIoqIYg=BW?jJ[UWกBS<lBกB=B\DกD=HAกYID\A@?VDกกD=u�qS=uIYpS̀?\ก=S
VMgDLILb=caaeaMHaILV>YD]D=n\ZgA@? (Collapsibility) uS̀S[hFmM H]`?eDT?D]aeaMA@? (Flexibility) 
V>M̀a\IL HAe\@LTLJKD^b̀qT=LY=̀DLWY`M^\WfIIoqIYhaLก=>SDGT@UMก=>VกYD]D=nWh`D=o<HMg_BS
ก@M (Conformability) uS̀ S[\BULhFmM (Lai, 1996; Niskanen, 1998; Young and Rowell, 1986)  

 
 กD=^_`ก=S^MกD=<=@g=>S@gT?D]W<XMก=S-SeDLhaLก=>SDGT@UMก=>Vก^b̀][YvDwT?D]
W<XMก=S^M_e?LJ[UกKDbMSM@mM MaกVDก][iIก=>JgAeaWY`M^\WfIIoqIYHI`? aDVJKD^b̀aMZvDThMDS
WItกb=caYD=<=>กagacUM� J[Ua\oe^MqT=LY=̀DLhaLก=>SDGT@UMก=>VกJ[UiIBAVDกก=>SDG<=o��hD?
HI>YD]D=nJKD<lBกB=B\Dก@gก=SWกBSกD=YID\A@?uS̀ กIeD?Tca Thygesen et al. (2007) uS̀EFกGD
aBJ}BwIhaLYvD?>ก=SJ[U][iIAeaT?D]HhtLH=LhaLWY`M^\J[UuS̀VDกÀMก@k_L (Hemp Fiber) wg?eD
WY`M^\ก@k_LJ[Ua\oe^MYvD?>ก=SV>WกBS<lBกB=B\DHAกYID\haLYD=<=>กagacUM� J[Ua\oe^MWY`M^\ก@k
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_L W_eM IBกMBM (Lignin) HI> Wn`D (Ash) W<XMÀM JKD^b̀<=B]DjhaLYD=<=>กagWbIeDM[m^MWY`M^\ก@k
_LISIL HI>][HM?qM̀]V>ISIL]DกhFmMW]cUa=>S@gT?D]W<XMก=S-SeDLISIL S@LHYSL^MvDwJ[U 6 
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��23� 6  <=B]DjIBกMBMHI>Wn`D^MWY`M^\ก@k_LJ[U=>S@gT?D]W<XMก=S-SeDLAeDL� 
 
23�5�: Thygesen et al. (2007) 

 
 VDกI@กGj>S@LกIeD?h`DLÀM V>WbtMuS̀?eDaMZvDThMDSWItกb=caYD=<=>กagacUM� J[Ua\oe^M
qT=LY=̀DLhaLก=>SDGT@UMก=>VกWกBSกD=YID\A@? JKD^b̀qT=LY=̀DLhaLก=>SDGT@UMก=>Vก][T?D]
w=ZM (Porosity) ]DกhFmM qS\T?D]w=ZMJ[U]DกhFmMM[mW<XMกD=WwBU]wcmMJ[UiB?Y@]i@Y=>b?eDLiB?bM̀DhaL
WY`M^\WfIIoqIYก@gqw=LaDกDE^MWMcmaHieMก=>SDGT@UMก=>VกHI>W]cUaHYLWTIcUaMJ[UieDMiB?Y@]i@Y
S@LกIeD?u<]D]DกhFmMJKD^b̀WกBSกD=ก=>WVBLhaLHYL (Light Scattering) J[US[hFmM WMcUaLVDกS@_M[b@กWb
haLHYL (Refractive Index) haLWY`M^\WfIIoqIYก@gaDกDEJ[UAeDLก@M (Vaarasalo, 1999) 
 
 กD=^_`ก=S<=@g=>S@gT?D]W<XMก=S-SeDLhaLก=>SDGT@UMก=>Vก^b̀][YvDwT?D]W<XMก=S
M@mM ][iIก=>JgAeaWY`M^\WfIIoqIYJ[U^_`iIBAก=>SDGT@UMก=>Vก JKD^b̀Y]g@ABJDLกD\vDwHI>กI
Y]g@ABHI>haLก=>SDGT@UMก=>VกW<I[U\MH<ILS@LJ[UกIeD?]DHI`?h`DLÀM a\eDLu=กtAD]ก=>SDGT@UM
ก=>VกJ[U][Y]g@AB^MกD=bMe?LกD=WกBST=DgiB?ก=>Vกa@MWMcUaLVDก<lBกB=B\D=>b?eDLT?D]_cmMก@g
ก=>VกÀaL][YvDwT?D]W<XMก=S fFULW<XMY]g@ABJ[Uio`g=BqvTก=>SDGT@UMก=>Vก^b̀T?D]YKDT@k =?]nFL
Y]g@ABJDLกD\vDwHI>กIY]g@ABHI>haLก=>SDGT@UMก=>VกÀaLu]eW<I[U\MH<IL]DกWกBMu<VMJKD
^b̀io`g=BqvTก=>SDGT@UMก=>VกWกBS<skbD^MกD=^_`LDMก=>SDGT@UMก=>Vก W_eM ก=>SDGHb̀Lก=ag
qS\\@Lu]eieDMกD=^_`LDM HI>ก=>SDGhDS=>b?eDL^_`T@UMก=>VกhMYeL W<XMÀM 



 

 

16 

1�,ก��/:8�)9M3ก�� 

 
1�,ก��/ 

 
1.  aZ<ก=jpWwcUa^_`iIBAHieM_BmMA@?a\eDLก=>SDGT@UMก=>Vก (fFULAeaVDกM[mu<V>W=[\ก?eD �HieM

_BmMA@?a\eDL��) AD]]DA=zDM TAPPI (The Technical Association of Pulp and Paper Industry, 
2000) ][S@LM[m 

1.1 WEGก=>SDG<=o��hD? 
1.2 ก=SaeaM TEP01 fFULw@xMDhFmMqS\ g=BG@J WJww@xMDก=>SDG VKDก@S HI>YDhD?B_D

?MiIBAv@j�p ]bD?BJ\DI@\WกGA=EDYA=p 
1.3 ก=SaeaM TEP02 fFULw@xMDhFmMqS\ g=BG@J WJww@xMDก=>SDG VKDก@S HI>YDhD?B_D

?MiIBAv@j�p ]bD?BJ\DI@\WกGA=EDYA=p 
1.4 ก=SHกe TEP03 fFUL^_`^MกD=iIBAก=>SDGT@UMก=>Vก^M g=BG@J WJww@xMDก=>SDG 

VKDก@S V=BL HI>V>^_`W<XMก=SJ[U<lBg@ABก@gHieM_BmMA@?a\eDL� _ZST?gTZ] (Control) 
1.5 A>Hก=LI?SWbItก<IaSYMB]hMDS 200 _eaLAeaT?D]\D? 1 MBm? (Mesh) 
1.6 WT=cUaLก=>VD\W\cUa (Disintegrator, DSG-2000, Regmed Precision Industry 

Technical Co., Ltd., Brasil) WT=cUaLiIBAHieM_BmMA@?a\eDL� (Handsheets Former) HI>WT=cUaLกS
ก=>SDG (Standard Press) 

1.7 WT=cUaLgSW\cUa (Valley Beater, Lorentzen & Wettre Co., Ltd., Sweden) 
1.8 WT=cUaLJSYagTeDT?D]W<XMaBY=>haLMmKDW\cUa (Freeness Tester, Lorentzen & Wettre 

Co., Ltd., Sweden) 
 
2.  aZ<ก=jpWwcUa^_`JSYagbDY]g@ABJDLกIHI>Y]g@ABJDLกD\vDwhaLHieM_BmMA@?a\eDL� 

AD]]DA=zDM TAPPI (The Technical Association of Pulp and Paper Industry, 2000) ][S@LM[m 
2.1 WT=cUaLJSYag=>S@gT?D]W<XMก=S-SeDL (pH Meter, Starter300, Ohaus Instuments 

Co., Ltd., USA) 
2.2 WT=cUaL_@ULMmKDbM@ก (Analytical Balance, PB303-L, Mettler Toledo Inc., 

Switzerland) 
2.3 WT=cUaLJSYagT?D]bMD (Precision Micrometer, Lorentzen & Wettre Co., Ltd., 

Sweden) 
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2.4 WT=cUaLJSYagH=LSFL (Universal Tensile Testing Machine, EJA-series, Thwing-
Albert Co., Ltd., USA) 

2.5 WT=cUaLJSYagT?D]w=ZM (Densometer, 4110N, Gurley Precision Instruments Inc., 
USA) 

2.6 WT=cUaLJSYagกD=Y>J`aMHYL (Autometic Reflectometer, Model-3, Kumagai 
Riki Kogyo Co., Ltd., Japan)  
 
 3.  aZ<ก=jpWwcUa^_`JSYagT?D]YD]D=n^MกD=bMe?LกD=WกBST=DgiB?ก=>VกhaLHieM_BmM
A@?a\eDL� ][S@LM[m 

3.1 WT=cUaL?@S<=B]DjT?D]_cmMY@]w@J}p (Hygrometer) 
3.2 ก=Su�qS=�Ioaa=Bก T?D]Wh`Mh`M 50% (Hydrofluoric Acid 50% conc.) 
3.3 ก=SuMA=Bก T?D]Wh`]h`M 80% (Nitric Acid 80% conc.) 
3.4 ก=>VกJSYagHieMW=[\ghMDS 12.5×15.0×0.6 WfMABW]A= 
3.5 กI`aLneD\=o<HggSBVBAaI 
3.6 hDA@mLกI`aLneD\=o< 

 
4.  aZ<ก=jpWwcUa^_`^MกD=?BWT=D>bp=D ][S@LM[m 

4.1 HieMwIDYABก^YID\WY`MAD=DL (Grid) hMDS 1×1 WfMABW]A= 
4.2 J=Lก=>gaกกI?L (Cork Borer) hMDSWY`MieDMEoM\pกIDL 1 WfMABW]A= 
4.3 VDMaDbD=WI[m\LW_cma (Petri Dish) hMDSWY`MieDMEoM\pกIDL 9 WfMABW]A= 
4.4 aDbD=WI[m\LW_cma=D GAN (Glucose Ammonium Nitrate Agar) iY] Rose Bengal 

HI> Streptomycin 
4.5 aDbD=WI[m\LW_cma=D PDA (Potato Dextrose Agar) 
4.6 aDbD=WI[m\LW_cma=D CZA (Czapek's Agar) 
4.7 aDbD=WI[m\LW_cma=D MEA (Meat Extract Agar) 
4.7 กI`aLVZIJ==EMp (Microscope, BX51, Olympus America Inc., USA) 
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)9M3ก�� 

 

1.  >Nก��ก8?กก��0ก9�
��D79)ก���ก1�	0	E�1.��ก,F9ก9�9@�0
53��G)H�.
)�5<EI	ก�Dก���ก 

                
กD=EFกGDกIuกกD=WกBST=DgiB?ก=>Vกa@MWMcUaLVDก<lBกB=B\DWT][=>b?eDLT?D]_cmMก@g

ก=>Vก][S@LM[m 
 
1.1  EFกGDYagJDMLDM?BV@\J[UWก[U\?h`aLJ@mLVDกvD\^M<=>WJEHI>VDกAeDL<=>WJE uS̀Hกe 

iILDM?BV@\haL Chitwatcharakomol (1995) W=cUaL Causes and Prevention of Soda Bloom in Glass 
Industry HI>iILDM?BV@\haL Franz (1997) W=cUaL Buffered Acid Interleaving for Glass Sheets W<XM
ÀM 
 

1.2  EFกGDYagJDMh`a]oIVDกio`iIBAก=>VกHI>io`iIBAก=>SDGT@UMก=>VกvD\^M<=>WJE 
uS̀Hกe g=BG@J WJww@xMDก=>SDG VKDก@S g=BG@J กD=pWS[\MaBMS@YJ=[YpTa=p< VKDก@S HI> g=BG@J WaV[f[ 
aaqAq]J[� uJ\HIMSp VKDก@S W<XMÀM 
 

2.  ก��2�81.;	G=1.,F9D�*9ก�� 
 

กD=JSIaL^Mb̀aL<lBg@ABกD=V>^_`HiMกD=JSIaLHggYZe]AIaSa\eDLY]go=jpvD\^M
gItaก (Randomized Complete Block Design, RCBD) qS\กKDbMS^b̀=>S@gT?D]W<XMก=S-SeDLW<XM 
Block HI>กKDbMS^b̀_MBSก=S TEP01 TEP02 HI> TEP03 (Control) W<XM Treatment กIeD?TcaW<XM
YD=WT][J[U<lBg@ABก@gHieM_BmMA@?a\eDL� W<IeD (Blank Handsheets) qS\][h@mMAaMS@LM[m 

 
2.1  กD=WA=[\]MmKDW\cUaHI>กD=hFmM=o<HieM_BmMA@?a\eDL� W<IeD 
 

กD=WA=[\]MmKDW\cUaHI>กD=hFmM=o<HieM_BmMA@?a\eDL� W<IeD][h@mMAaMS@LM[m 
 

2.1.1  MKDWEGก=>SDG<=o��hD?MmKDbM@ก 3,000 ก=@]Hb̀L H_eIL^Mn@LwIDYABกJ[Ug==VZMmKD
<=DEVDกuaaaMa\oe<=B]Dj 2,000 ]BIIBIBA= H_eJBmLu?̀W<XMW?ID 24 _@U?q]L 
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2.1.2  HgeLWEGก=>SDGJ@mLb]SaaกW<XMYe?M� WwcUaJKDกD=ก=>VD\W\cUa qS\^_`WT=cUaL
ก=>VD\W\cUa ^MHAeI>T=@mLV>^_`W?ID^MกD=ก=>VD\W\cUaW<XMW?ID 5 MDJ[ S̀?\T?D]W=t? 3,000 =ag 

 
2.1.3  WJW\cUaJ[Uก=>VD\HI`?IL^MA>Hก=LI?SWbItก<IaSYMB] HI`?I`DLS̀?\MmKD MmKDJ[UuS̀

VDกกD=I`DLW\cUa_e?LH=กV>hZeM ^b̀I`DLVMMmKDTeaMh`DL^Y VDกM@mM<s�MW\cUaW<XMก`aMกI]� a@S^b̀HMeM 
HI`?�[กW\cUaaaกW<XM_BmMWItก� a@S^YenZLwIDYABกVMWAt]HI`?<�S<DกnZL^b̀HMeM 

 
2.1.4  _@ULW\cUaYSVDก^MnZLwIDYABก<=>]Dj 4.5 ก=@] ^Ye^M Aluminum Can MKDu<ag

^MAo`agJ[UaZjbvo]B 103±2 aLEDWfIWf[\Y JBmLu?̀W<XMW?ID 24 _@U?q]L VDกM@mMMKD]D^YeqbISoS
T?D]_cmM (Desicater) <=>]Dj 45 MDJ[ HI`?VFLWaDaaกu<_@ULbDMmKDbM@กW\cUaHb̀LHI`?MKDu<
TKDM?jbD<=B]DjT?D]_cmM (Moisture Content) WwcUa^_`^MกD=TKDM?j<=B]DjMmKDbM@กW\cUaYSJ[UV>^_`
^Mh@mMAaMAeau<AD]YoA=S@LM[m 

 
Moisture Content (%)   =   [Wet Weight (g) � Dry Weight (g)] × 100 

                                      Dry Weight (g) 
 

2.1.5  _@ULW\cUaYS^MnZLwIDYABก ^b̀uS̀<=B]DjMmKDbM@กW\cUaHb̀L 360 ก=@] H_eIL^Mn@L
wIDYABกJ[Ug==VZMmKD<=DEVDกuaaaM<=B]Dj 2,000 ]BIIBIBA= H_eJBmLu?̀W<XMW?ID 24 _@U?q]L qS\
TKDM?juS̀VDกYoA=Aeau<M[m 

 
Wet Weight (g)  =   Dry Weight (g) × [1 + Moisture Content (%)] 

         
2.1.6  HgeLW\cUaJ@mLb]SaaกW<XMYe?M� WwcUaJKDกD=ก=>VD\W\cUa qS\^_`WT=cUaLก=>VD\W\cUa 

^MHAeI>T=@mLV>^_`W?ID^MกD=ก=>VD\W\cUa 5 MDJ[ S̀?\T?D]W=t? 3,000 =ag 
 

2.1.7  MKDW\cUaJ[UuS̀VDกกD=ก=>VD\W\cUaJ@mLb]SWJIL^MWT=cUaLgSW\cUa VDกM@mMA?LMmKD
<=DEVDกuaaaM<=B]Dj 21,000 ]BIIBIBA= WJIL^MWT=cUaLgSW\cUa 

 
2.1.8  W<�SY?BAfp^b̀WT=cUaLgSW\cUaJKDLDM<=>]Dj 5 MDJ[ qS\u]ene?LMmKDbM@ก VDกM@mM^b̀

<�SY?BAfpWT=cUaLgSW\cUa WกtgA@?a\eDLMmKDW\cUa<=B]Dj 380 ]BIIBIBA= WwcUaJKDกD=bDTeDT?D]W<XMaBY=>
haLMmKDW\cUa 
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2.1.9  MKDMmKDW\cUaJ[UWกtgA@?a\eDLu?̀]DHgeLaaกW<XM 2 Ye?M� I><=B]Dj 190 ]BIIBIBA= WwcUa
JKDกD=?@STeDT?D]W<XMaBY=>haLMmKDW\cUa 2 T=@mL qS\WJMmKDW\cUa<=B]Dj 190 ]BIIBIBA= S@LกIeD?IL^M
ก=>gaกA?LhMDS 1,000 ]BIIBIBA= VDกM@mMVFLWAB]MmKD<=DEVDกuaaaMILu<^Mก=>gaกA?LVMuS̀
<=B]DA=J@mLb]SW<XM 1,000 ]BIIBIBA= TMMmKDW\cUa^Mก=>gaกA?L^b̀W\cUaก=>VD\A@?HI`??@SaZjbvo]BMmKD
W\cUa 

 
2.1.10  MKDMmKDW\cUa^Mก=>gaกA?L<=B]Dj 1,000 ]BIIBIBA= AD]h`a 2.1.9 J[UWA=[\]u?̀ ]D

JKDกD=?@STeDT?D]W<XMaBY=>haLMmKDW\cUaS̀?\WT=cUaLJSYagTeDT?D]W<XMaBY=>haLMmKDW\cUa WwcUa
<=>]DjW?IDJ[U^_`^MกD=gSW\cUa 

 
2.1.11 JKDกD=ne?LMmKDbM@กJ[UWT=cUaLgSW\cUaHI`?W<�SY?BAfp gSW\cUaVMuS̀MmKDW\cUaJ[U][TeDT?D]

W<XMaBY=><=>]Dj 180 ]BIIBIBA= Canadian Standard Freeness (ml CSF) 
 

2.1.12  MKDMmKDW\cUaVDกWT=cUaLgSW\cUa<=B]DA= 1,000 ]BIIBIBA= ]DiY]ก@gMmKD<=DEVDก
uaaaM<=B]Dj 9,500 ]BIIBIBA= IL^Mn@LwIDYABกhMDS 12 IBA= MKDWT=cUaLก?MMmKDW\cUaVZe]IL^Mn@L
wIDYABก qS\^b̀^gw@SV]a\oe^MMmKDW\cUa <=@gT?D]W=t?^MกD=b]ZMhaL^gw@S^b̀waS[ u]e^b̀WกBS
�aLaDกDE 

 
2.1.13  A?LMmKDW\cUaVDกn@LwIDYABก]D<=B]Dj 500 ]BIIBIBA= ]DiIBAHieM_BmMA@?a\eDL� 

W<IeDS̀?\WT=cUaLiIBAHieM_BmMA@?a\eDL qS\V>uS̀HieM_BmMA@?a\eDL� W<IeD ][MmKDbM@ก]oIzDM<=>]Dj 35 
ก=@]AeaAD=DLW]A= VMก?eDMmKDW\cUaV>b]S HI`?MKDHieM_BmMA@?a\eDL� W<IeDJ@mLb]Su<iFUL^b̀Hb̀L^M
b̀aLT?gTZ]aZjbvo]B 23 ± 1 aLEDWfIWf[\Y HI>T?D]_cmMY@]w@J}p=̀a\I> 50 ± 2 a\eDLM̀a\ 1 ?@M 
 

2.1.14  JKDกD=JSIaLA@mLHAeh`a 2.1.4 fmKD VMW\cUaYSb]S 
 
2.2  กD=<lBg@ABHieM_BmMA@?a\eDL� W<IeDS̀?\ก=S 

 
กD=<lBg@ABHieM_BmMA@?a\eDL� W<IeDS̀?\ก=S ][h@mMAaMS@LM[m 

 
2.2.1  HgeLHieM_BmMA@?a\eDL� W<IeDJ@mLb]SaaกW<XM 2 _ZSTca _ZSHieM_BmMA@?a\eDL� W<IeD

VKDM?M 11 HieM WwcUa^_`W<XM_ZSàDLaBL (Reference) HI>_ZS<lBg@ABS̀?\ก=SVKDM?M 99 HieM MKD_ZSJ[U
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V><lBg@ABS̀?\ก=SaeaM TEP01 VKDM?M 33 HieMH=ก HgeLaaกW<XM 3 กIZe]� I> 11 HieMWJeD� ก@M qS\
MKDกIZe]H=กu<VZe]IL^MYD=I>ID\ก=SaeaM TEP01 J[UWA=[\]u?̀ qS\T?gTZ]T?D]Wh`]h`MhaL
YD=I>ID\ก=SaeaM TEP01 WwcUa^b̀HieM_BmMA@?a\eDL� ][=>S@gT?D]W<XMก=S-SeDLWJeDก@g 4.0 H_eJBmLu?̀
W<XMW?ID 30 ?BMDJ[ HI`?MKDHieM_BmMA@?a\eDL� S@LกIeD?u<iFUL^b̀Hb̀L^Mb̀aLJ[UT?gTZ]aZjbvo]B 23 ± 1 
aLEDWfIWf[\Y HI>T?D]_cmMY@]w@J}p=̀a\I> 50 ± 2 a\eDLM̀a\ 1 ?@M 

 
2.2.2  JKDกD=JSIaLh`a 2.2.1 fmKD qS\^_`HieM_BmMA@?a\eDL� กIZe]J[U 2 VKDM?M 11 HieM 

HI>กIZe]J[U 3 VKDM?M 11 HieM HAeT?gTZ]T?D]Wh`]h`MhaLYD=I>ID\ก=S WwcUa^b̀HieM_BmMA@?a\eDL� 
][=>S@gT?D]W<XMก=S-SeDLWJeDก@g 5.0 HI> 6.0 AD]IKDS@g 

 
2.2.3  JKDกD=JSIaLA@mLHAeh`a 2.2.1 fmKD qS\W<I[U\MVDก<lBg@ABS̀?\ก=SaeaM TEP01 W<XM

<lBg@ABS̀?\ก=SaeaM TEP02 HI>ก=SHกe TEP03 (Control) AD]IKDS@g  
 

2.2.4  MKDHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SJ@mLb]S u<JSYagT?D]YD]D=n^MกD=
bMe?LกD=WกBST=DgiB?ก=>VกHI>Y]g@ABJDLกD\vDwHI>กIY]g@ABAeau< 
 

2.3  กD=JSYagT?D]YD]D=n^MกD=bMe?LกD=WกBST=DgiB?ก=>VกhaLHieM_BmMA@?a\eDL�   
 

กD=JSYagT?D]YD]D=n^MกD=bMe?LกD=WกBST=DgiB?ก=>VกhaLHieM_BmMA@?a\eDL� ][
h@mMAaMS@LM[m 

 
2.3.1  A?LMmKD<=DEVDกuaaaM<=B]Dj 1,000 ]BIIBIBA= IL^MaeDLwIDYABกhMDS 1.5 

IBA= VDกM@mMA?Lก=Su�qS=�Ioaa=Bก<=B]Dj 10 ]BIIBIBA= HI>ก=SuMA=Bก<=B]Dj 25 ]BIIBIBA= WJ
IL^MaeDLwIDYABก TMYD=I>ID\^b̀Wh`Dก@MS̀?\HJeLHก`? 

         
2.3.2  JKDT?D]Y>aDSHieMก=>VกJSYaghMDS 12.5×15.0×0.6 WfMABW]A=^b̀Y>aDS

S̀?\YD=I>ID\ก=S�Ioaa=BกiY]ก=SuMA=BกJ[UWA=[\]u?̀ qS\VZe]ก=>VกJSYagJ@mLHieM (T=@mLI> 10 
HieM) IL^MYD=I>ID\ก=SW<XMW?ID 30 ?BMDJ[ 

 
2.3.3  MKDHieM_BmMA@?a\eDL� _ZST?gTZ] HI>VDกHAeI>กIZe]haL_ZS<lBg@ABS̀?\ก=SaeaM 

TEP01 TEP02 HI>ก=SHกe TEP03 VKDM?Ma\eDLI> 6 HieM (VDก 11 HieM) JKDกD=T@UM=>b?eDLHieM
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ก=>VกhMDS 12.5×15.0×0.6 WfMABW]A= VKDM?M 7 HieM qS\MKDu<?DLW=[\Lก@M^MHM?A@mLJKD]Z]
<=>]Dj 85  aLEDก@gwcmMhaLกIeaLwIDYABก ?DLกIeaLwIDYABกu?̀^MqกS@LWกtgก=>SDG g=BG@J WJw
w@xMDก=>SDG VKDก@S qS\<=@gYvD?>^b̀][T?D]=ZMH=LAeaกD=WกBST=DgiB?ก=>Vก กIeD?Tca][
aZjbvo]BHI>T?D]_cmMY@]w@J}phaLaDกDEW�I[U\ 32 aLEDWfIWf[\Y HI>=̀a\I> 92 AD]IKDS@g 
=>\>W?ID^MกD=V@SWกtgJ@mLYBmM 120 ?@M 

 
2.3.4  JKDกD=A=?VYagHI>g@MJFกกD=W<I[U\MH<ILJ[UiB?haLHieMก=>VกJSYagJZก� 

30 ?@M S̀?\ADW<IeD 
 

2.3.5  W]cUaT=gกKDbMSกD=V@SWกtg 120 ?@MHI`?VFLH\กHieM_BmMA@?a\eDL� aaกVDกก=>Vก
JSYag JKDกD=g@MJFกvDwiB?haLก=>VกJSYagS̀?\กI`aLneD\=o<HggSBVBAaI 
 

2.3.6  WMcUaLVDกกD=JSIaLT=@mLM[mÀaLกD=EFกGDaBJ}BwIhaL_MBSก=SHI>=>S@gT?D]
W<XMก=S-SeDL^MกD=iIBAก=>SDGT@UMก=>VกAeaกD=bMe?LกD=WกBST=DgiB?ก=>VกHI>Y]g@ABhaL
ก=>SDGT@UMก=>Vก VFL]BuS̀][กD=^_`YD=WT][\@g\@mLW_cma=D^MกD=WA=[\]HieM_BmMA@?a\eDL� ก=j[J[U
A=?VYagwg?eD][=DWกBShFmMgMiB?ก=>Vก V>SKDWMBMกD=YeLA@?a\eDL=Du<\@LEoM\pw@M}Z?BE?ก==]HI>
WJTqMqI\[_[?vDwHbeL_DAB (BIOTEC) WwcUaJKDกD=?BWT=D>bp=DAeau< WwcUa^_`W<XMh`a]oIwcmMzDM^M
กD=wBVD=jD_MBShaLYD=WT][\@g\@mLW_cma=D^MaZAYDbก==]iIBAก=>SDGT@UMก=>VกHI>ก=>SDGacUM� 
Aeau< 
 

2.4  กD=JSYagbDY]g@ABJDLกD\vDwHI>กIY]g@ABhaLHieM_BmMA@?a\eDL� 
 

MKDHieM_BmMA@?a\eDL� W<IeDHI>VDกHAeI>กIZe]haL_ZS<lBg@ABS̀?\ก=SaeaM TEP01 
TEP02 HI>ก=SHกe TEP03 (Control) VKDM?Ma\eDLI> 5 HieM JKDกD=JSYagAD]]DA=zDM TAPPI 
(The Technical Association of Pulp and Paper Industry, 2000) S@LM[m 

 
2.4.1  =>S@gT?D]W<XMก=S-SeDL (pH Levels) qS\àDLaBL]DA=zDM TAPPI T 509 om-96 

W<XMHM?<lBg@AB กIeD?TcaMKDHieM_BmMA@?a\eDL� W<IeDHI>_ZS<lBg@ABS̀?\ก=SHAeI>_MBS ]DA@SW<XMHieM
_BmMA@?a\eDL� JSYag hMDS 1×1 WfMABW]A= VMuS̀MmKDbM@ก 10 ก=@] Aea 1 _ZS A?LMmKDกI@UM<=B]Dj 
70 ]BIIBIBA= WJIL^Mg[กWกa=phMDS 250 ]BIIBIBA= J[U][HieM_BmMA@?a\eDL� JSYag hMDS 1×1 
WfMABW]A= MmKDbM@ก 10 ก=@] g==VZa\oe ^_` Magnetic Stirrer ก?MW<XMW?ID 5 MDJ[ VDกM@mMVFLA@mLJBmLu?̀ 1 
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_@U?q]L VFLMKDu<JSYag=>S@gT?D]W<XMก=S-SeDLS̀?\WT=cUaLJSYag=>S@gT?D]W<XMก=S-SeDL TeDJ[U
WT=cUaLJSYag=>S@gT?D]W<XMก=S-SeDLaeDMuS̀Tca=>S@gT?D]W<XMกS-SeDLhaLHieM_BmMA@?a\eDL� 
 

2.4.2  MmKDbM@ก]oIzDM (Basis Weight) qS\àDLaBL]DA=zDM TAPPI T 410 om-98 W<XM
HM?<lBg@AB กIeD?TcaMKDHieM_BmMA@?a\eDL� W<IeDHI>_ZS<lBg@ABS̀?\ก=SJ@mLb]S ]D_@ULMmKDbM@กJ[I>
HieMS̀?\WT=cUaL_@ULMmKDbM@ก VDกM@mMVFLMKDMmKDbM@กhaLHieM_BmMA@?a\eDL� u<TKDM?jbDMmKDbM@ก]oIzDM
haLHieM_BmMA@?a\eDL� HAeI>HieMS@LYoA=Aeau<M[m 

  
MmKDbM@ก]oIzDM (g/cm2)   =         [MmKDbM@กJ[U_@ULuS̀ (g) × 10,000] 

                                                    wcmMJ[UhaLHieM_BmMA@?a\eDL� (214 cm2) 
       

2.4.3  T?D]bMD (Thickness) qS\àDLaBL]DA=zDM TAPPI T 411 om-97 W<XMHM?
<lBg@AB กIeD?TcaMKDHieM_BmMA@?a\eDL� W<IeDHI>_ZS<lBg@ABS̀?\ก=SJ@mLb]S ]DJSYagT?D]bMDJ[I>
HieMS̀?\WT=cUaLJSYagT?D]bMD VDกM@mMVFLMKDT?D]bMDHI>MmKDbM@ก]oIzDMhaLHieM_BmMA@?a\eDL� 
HAeI>HieM u<TKDM?jbDT?D]bMDHMeM (Apparent Density) haLHieM_BmMA@?a\eDL� S@LYoA=Aeau<M[m 

 
T?D]bMDHMeM (g/cm3)   =   MmKDbM@ก]oIzDM (g/cm2) 

                                           T?D]bMD (cm) 
 

2.4.4  T?D]HhtLH=LAeaกD=SFL (Tensile Strength) qS\àDLaBL]DA=zDM TAPPI T 494 
om-96 W<XMHM?<lBg@AB กIeD?TcaMKDHieM_BmMA@?a\eDL� W<IeDHI>_ZS<lBg@ABS̀?\ก=SHAeI>_MBS ]DA@S
W<XMHieM_BmMA@?a\eDL� JSYag hMDS 15×150 ]BIIBW]A= (Span Length 100 ]BIIBW]A=) VKDM?M 10 
HieMAea 1 _ZS WwcUaJSYagT?D]HhtLH=LAeaกD=SFLS̀?\WT=cUaLJSYagH=LSFL qS\A@mLTeDq<=Hก=]^b̀
^_`]DA=zDM ISO-1924-2 Metric 100% ^MกD=JSYag MKDHieM_BmMA@?a\eDL� J[UA@Su?̀u<\FSก@gb@?V@g
qS\กS<Z|] Upper Grip HI> Lower Grip VDกM@mMVFLกS<Z|] Test WT=cUaLJSYagH=LSFLV>JKDกD=SFL
HieM_BmMA@?a\eDL� VMhDS qS\q<=Hก=]V>HYSLAD=DLiIกD=JSYagJ[UbM̀DVaTa]wB?WAa=p aeDM
TeD Tensile Index HI>g@MJFกiI 

 
2.4.5  กD=\a]^b̀aDกDEubIieDM (Air Permeance) qS\àDLaBL]DA=zDM TAPPI T 460 

om-96 W<XMHM?<lBg@AB กIeD?TcaMKDHieM_BmMA@?a\eDL� W<IeDHI>_ZS<lBg@ABS̀?\ก=SJ@mLb]S ]D
JSYagกD=\a]^b̀aDกDEubIieDMJ[I>HieMS̀?\WT=cUaLJSYagT?D]w=ZM qS\\กJ=Lก=>gaกhFmM
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HI>^b̀J=Lก=>gaกT`DLa\oegMก`DMItaTS̀DMgM MKDHieM_BmMA@?a\eDL� YaSS̀DMIeDLHI`?b]ZMA@?ItaT
u]e^b̀HieM_BmMA@?a\eDL� h\@guS̀ VDกM@mMVFL<Iea\^b̀J=Lก=>gaกWTIcUaMJ[UIL]D W=BU]V@gW?IDW]cUa
J=Lก=>gaกWTIcUaM]DnFL 100 ]BIIBIBA= HI>b\ZSV@gW?IDW]cUaJ=Lก=>gaกWTIcUaM]DnFL 200 
]BIIBIBA= MKDW?IDJ[UuS̀u<TKDM?jbDTeDกD=\a]^b̀aDกDEubIieDMhaLHieM_BmMA@?a\eDL� S@LYoA=
Aeau<M[m 
 
    กD=\a]^b̀aDกDEubIieDM (µm/Pa.sec.)  =                             135.3 (µm/Pa) 
                                                                            W?IDJ[UJ=Lก=>gaกWTIcUaMJ[UuS̀ 100 ]BIIBIBA= (sec.) 

 
2.4.6  T?D]hD?Y?eDL (Brightness) qS\àDLaBL]DA=zDM TAPPI T 452 om-98 W<XMHM?

<lBg@AB กIeD?TcaMKDHieM_BmMA@?a\eDL� W<IeDHI>_ZS<lBg@ABS̀?\ก=SJ@mLb]S ]DJSYagT?D]hD?Y?eDL
J[I>HieMS̀?\WT=cUaLJSYagกD=Y>J`aMHYL WIcaก<=>WvJhaLกD=JSYag^b̀W<XMกD=JSYag
T?D]hD?Y?eDLqS\WIcUaMHngJ[Ua\oeS̀DMIeDLhaL<Z|] Shutter u<J[UA@?a@กG= B ^_` Standard Plate Y[hD?
J[U][TeDกD=Y>J`aMHYLY[MmKDWLBMWJeDก@g 86.2 W<XM?@YSZàDLaBL qS\MKD Standard Plate JSYagก@gWT=cUaL
JSYagกD=Y>J`aMHYL W]cUaWT=cUaLJSYagกD=Y>J`aMHYLHYSLTeDu]eWJeDก@g 86.2 ^b̀b]ZM<Z|] 
Coarse Adjust HI> Fine Adjust WwcUa^b̀WT=cUaLJSYagกD=Y>J`aMHYLHYSLTeDW<XM 86.2 VDกM@mMVFL
MKDHieM_BmMA@?a\eDL� ]DW=[\Lf`aMก@MW<XM_ZS _ZSI> 5 HieM JKDกD=JSYagกD=Y>J`aMHYLJ[I>_ZS
qS\b@MS̀DMW=[\gWh`DbDWT=cUaLJSYagกD=Y>J`aMHYL aeDMHI>g@MJFกTeDกD=Y>J`aMHYLhaLHieM
_BmMA@?a\eDL� HieMJ[Ua\oeABSก@gWT=cUaLJSYagกD=Y>J`aMHYL (HieMJ[U 1) qS\TeDJ[UWT=cUaLJSYagกD=
Y>J`aMHYLHYSLTcaTeDT?D]hD?Y?eDL][bMe?\W<XM % Brightness VDกM@mMMKDHieM_BmMA@?a\eDL� HieM
J[Ug@MJFกTeDกD=Y>J`aMHYLHI`?u<u?̀bI@LYZS qS\b@MS̀DMW=[\gWh`DbDWT=cUaLJSYagกD=Y>J`aM
HYLW_eMก@M aeDMHI>g@MJFกTeDกD=Y>J`aMHYLhaLHieM_BmMA@?a\eDL� HieMJ[Ua\oeABSก@gWT=cUaLJSYag
กD=Y>J`aMHYL (HieMJ[U 2) JKDW_eMM[mVMg@MJFกTeDT=gJ@mL 5 HieMHI`?VFLMKDHieM_BmMA@?a\eDL� _ZS
n@Su<]DJSYagVMT=gJZก_ZS 

 
2.4.7  T?D]JFgHYL (Opacity) qS\àDLaBL]DA=zDM TAPPI T 425 om-96 W<XMHM?

<lBg@AB กIeD?TcaMKDHieM_BmMA@?a\eDL� W<IeDHI>_ZS<lBg@ABS̀?\ก=SJ@mLb]S ]DJSYagT?D]JFgHYLJ[
I>HieMS̀?\WT=cUaLJSYagกD=Y>J`aMHYL WIcaก<=>WvJhaLกD=JSYag^b̀W<XMกD=JSYagT?D]
JFgHYLqS\WIcUaMHngJ[Ua\oeS̀DMIeDLhaL<Z|] Shutter u<J[UA@?a@กG= G ^_` Standard Plate Y[hD?J[U][TeD
กD=Y>J`aMHYLY[Wh[\?WJeDก@g 89.3 W<XM?@YSZàDLaBL qS\MKD Standard Plate JSYagก@gWT=cUaL
JSYagกD=Y>J`aMHYL W]cUaWT=cUaLJSYagกD=Y>J`aMHYLHYSLTeDu]eWJeDก@g 89.3 ^b̀b]ZM<Z|] 
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Coarse Adjust HI> Fine Adjust WwcUa^b̀WT=cUaLJSYagกD=Y>J`aMHYLHYSLTeDW<XM 89.3 VDกM@mMVFL
MKDHieM_BmMA@?a\eDL� ]DJSYagก@gWT=cUaLJSYagกD=Y>J`aMHYLJ[I>HieMqS\^b̀S̀DMW=[\ghaL
HieM_BmMA@?a\eDL� a\oeABSก@gWT=cUaLJSYagกD=Y>J`aMHYL HI>=aLS̀DMb\DgS̀?\ Standard Plate 
TeDJ[UaeDMuS̀V>W<XMTeD R0.89 VDกM@mM W<I[U\MกD=S̀DMb\DgS̀?\ Standard Plate W<XM Black Plate TeDJ[U
aeDMuS̀V>W<XMTeD R0 MKDTeDJ@mLYaLu<TKDM?jbDTeDT?D]JFgHYLhaLHieM_BmMA@?a\eDL� S@LYoA=
Aeau<M[m 
 

T?D]JFgHYL (%)   =   (R0 / R0.89) × 100 
        
2.5  กD=EFกGDHI>?BWT=D>bp=D 
        

กD=EFกGDHI>?BWT=D>bp=D ][h@mMAaMS@LM[m 
 

2.5.1  ?@SHI>TKDM?jwcmMJ[UHieM_BmMA@?a\eDL� g=BW?jJ[U<=DกlW<XM=a\W<��aMY[I@กGj>
AeDL� =?]J@mLwcmMJ[UJ[Uu]e<=Dกl=a\W<��aMY[ qS\^_`HieMwIDYABก^YID\WY`MAD=DL hMDS 1×1 
WfMABW]A= ?DLJDg M@gVKDM?MVZSA@SJ[Ua\oe^MwcmMJ[U=a\W<��aMY[ VZSA@SHAeI>VZSHJMwcmMJ[U 1 AD=DL
WfMABW]A= 
         

2.5.2  T@SH\กW_cma=DVDกHieM_BmMA@?a\eDL� qS\^_`J=Lก=>gaกกI?L hMDSWY`MieDM
EoM\pกIDL 1 WfMABW]A= WVD>A@SHieM_BmMA@?a\eDL� g=BW?jJ[Uu]e<=Dกl=a\W<��aMY[ 1 VZS HI>g=BW?jJ[U
<=Dกl=a\W<��aMY[ =a\W<��aMI@กGj>I> 1 VZS MKD_BmMก=>SDGJ[UA@SuS̀ u<?DL^MVDMaDbD=WI[m\LW_cma 
(Petri Dish) hMDSWY`MieDMEoM\pกIDL 9 WfMABW]A= J[U][aDbD=WI[m\LW_cma=D GAN iY] Rose Bengal 
HI> Streptomycin AD]vDwJ[U 7 VDกM@mMMKDVDMaDbD=u<ge]J[UaZjbvo]Bb̀aL =aVMW_cma=DWV=Bk
<=Dกl^b̀WbtMAD]vDwJ[U 8 g@MJFกVKDM?M_MBSW_cma=DgM_BmMก=>SDGHAeI>_BmM w=̀a]J@mL\`D\W_cma=D
HAeI>_MBSu<WI[m\LgMaDbD=WI[m\LW_cma=D PDA WwcUa=aกD=VKDHMก 
 

2.5.3  VKDHMก_MBSW_cma=DJ[UT@SH\กuS̀ VDกI@กGj>JDLY@jzDM?BJ\D (Morphological 
Characteristics) qS\\`D\W_cma=DJ[UWV=Bka\oegMaDbD= PDA u<WI[m\LgMaDbD=J[UWb]D>Y] (PDA, CZA 
b=ca MEA HAกAeDLก@Mu<AD]กIZe]W_cma=D) W]cUaW_cma=DWV=BkWAt]J[U<=>]Dj 7-15 ?@M \`D\W_cma=Du<JKD
YuISpA=?VSo^ÀกI`aLVZIJ==EMp g@MJFกI@กGj>HI>?@ShMDSqT=LY=̀DLJ[UYKDT@khaLW_cma=D MKDu<
W<=[\gWJ[\gก@gh`a]oI^MWaกYD=àDLaBLWwcUaกD=VKDHMก_MBShaLW_cma=D h`a]oIJ[UuS̀V>noกMKDu<W<XM
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h`a]oIwcmMzDM^MกD=wBVD=jDกD=WIcaก^_`_MBSYD=WT][\@g\@mLW_cma=D^MaZAYDbก==]iIBAก=>SDGT@UM
ก=>VกHI>ก=>SDGacUM� Aeau< H]`?eDกD=^_`YD=WT][\@g\@mLW_cma=D^MaZAYDbก==]iIBAก=>SDGV>
W<XMJ[UMB\]HI>][<=>YBJ}BvDwa\oeHI`?กtAD] 
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��23� 7  HieM_BmMA@?a\eDL� J[UnoกWVD>A@SHI>MKDu<?DLgMaDbD= GAN ^MVDMaDbD=WI[m\LW_cma 
               hMDSWY`MieDMEoM\pกIDL 9 WfMABW]A= 

 

 
 

��23� 8  W_cma=DJ[UWV=Bkaaก]DVDกHieM_BmMA@?a\eDL� J[UnoกWVD>A@SgMaDbD= GAN ^MVDMaDbD= 
               WI[m\LW_cma  
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78:8�)9����/ 
 

1.  78ก��>Nก��ก8?กก��0ก9�
��D79)ก���ก1�	0	E�1.��ก,F9ก9�9@�0
53��G)H�.
)�5<EI	ก�Dก���ก 
 

iIกD=EFกGDกIuกกD=WกBST=DgiB?ก=>Vกa@MWMcUaLVDก<lBกB=B\DWT][=>b?eDLT?D]_cmMก@g
ก=>Vก ][S@LM[m 
 

1.1  iIกD=EFกGDYagJDMLDM?BV@\J[UWก[U\?h`aLJ@mLVDกvD\^M<=>WJEHI>VDกAeDL<=>WJE
wg?eD ][LDM?BV@\J[UEFกGDWก[U\?ก@gก=>SDGT@UMก=>Vกa\oeM̀a\]Dก WMcUaLVDกก=>SDGT@UMก=>VกW<XM
iIBAv@j�pJ[UÀaL][Y]g@AB^MกD=<ก<daLก=>VกAD]J[Uio`^_`LDMÀaLกD=S@LJ[UuS̀กIeD?]DHI`?h`DLÀM 
W]cUaio`iIBAYD]D=nw@xMDก=>SDGT@UMก=>Vก^b̀YD]D=nAagYMaLT?D]ÀaLกD=haLio`^_`uS̀W<XM
a\eDLS[HI`? ก=>g?MกD=iIBAก=>SDGT@UMก=>VกVFLW<XMh`a]oIJ[Uio`iIBAu]eÀaLกD=^b̀io`iIBA=D\acUM
Ie?L=o`WwcUaW<XMกD=A@SToeHheLJDLกD=T`DHI>ioกhDSกD=VKDbMeD\HAeWw[\Lio`WS[\?WwcUaiI<=>q\_Mp
JDLS̀DM}Z=กBV JKD^b̀u]eYD]D=nWh`DnFLh`a]oIWก[U\?ก@gก=>SDGT@UMก=>VกuS̀ S@LM@mMกD=EFกGDกIuก
กD=WกBST=DgiB?ก=>Vกa@MWMcUaLVDก<lBกB=B\DWT][=>b?eDLT?D]_cmMก@gก=>Vก VFLW<XMh`a]oIYKDT@kJ[U
V>_e?\^MกD=w@xMDก=>SDGT@UMก=>Vก^b̀][Y]g@ABAD]J[Uio`^_`ÀaLกD=uS̀ fFULกD=WกBST=DgiB?ก=>Vก
a@MWMcUaLVDก<lBกB=B\DWT][=>b?eDLT?D]_cmMก@gก=>Vก V>WกBSVDก<sVV@\J[UYKDT@k 3 <=>กD=Tca 
 

1.1.1  T?D]_cmM T?D]_cmMYD]D=nWh`DJKD<lBกB=B\Dก@gqT=LY=̀DLhaLก=>VกJKD^b̀
qT=LY=̀DLhaLก=>VกWY[\bD\uS̀ bDกก=>Vกnoก<Iea\^b̀a\oe^MYvD?>J[U][T?D]_cmM]Dก� W<XM
W?IDMDM� iB?ก=>VกaDVWกBST?D]WY[\bD\uS̀ (EoM\pWJTqMqI\[qIb>HI>?@YSZHbeL_DAB, 2547; 
Chitwatcharakomol, 1995) 
 

1.1.2    <=B]Dj Na2O J[Ua\oe^MWMcmaก=>Vก T?D]_cmMYD]D=nJKD<lBกB=B\Dก@g Na2O HI`?
WกBST=DgiB?ก=>VกY[hD?uS̀ <=B]Dj Na2O V>]Dกb=caM̀a\hFmMa\oeก@gYoA=haLMmKDHก`?J[UHAeI>g=BG@J
^ _` ^ M ก D = i IB A ก = > V ก H ie M W =[ \ g  (Eo M \p W J T q M q I \[ q I b > H I > ?@ Y SZ H be L _ D AB ,  2 5 4 7 ; 
Chitwatcharakomol, 1995) HI> 
 

1.1.3  YvD?>T?D]W<XMก=S � SeDL J[UiB?ก=>Vก bDกYvD?>J[UiB?ก=>VกW<XMSeDL 
qT=LY=̀DLก=>VกV>JKD<lBกB=B\Dก@gu�S=aกufSpuaaaMAeaWMcUaLก@gT?D]_cmM JKD^b̀qT=LY=̀DL
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ก=>VกWY[\bD\HI>uS̀iIBAv@j�pW<XMu�S=aกufSpuaaaMกI@gu<W<XMYD=A@mLÀMa[กT=@mL (EoM\p
WJTqMqI\[qIb>HI>?@YSZHbeL_DAB, 2547; Chitwatcharakomol, 1995) 
 

1.2  iIกD=EFกGDYagJDMh`a]oIVDกio`iIBAก=>VกHI>io`iIBAก=>SDGT@UMก=>Vก
vD\^M<=>WJE wg?eDYvD?>^MกD=Wกtgก=>VกhaLio`iIBAก=>VกV>WM̀M^MW=cUaLกD=neD\WJhaL
aDกDET?D]_cmMVFLu]eYoL]DกM@ก =nhMneD\YBMT`DJ[U^_`LDMvD\^MqกS@L^_`]aWAa=pu��dD^MกD=
h@gWTIcUaMHJMWT=cUaL\MApWwcUa_e?\IS<=B]Djก�DfTD=pgaMuSaaกufSp Ye?Mก=>SDGT@UMก=>VกJ[U^_`
LDMa\oeM@mM]DVDก 2 io`iIBATca g=BG@J WJww@xMDก=>SDG VKDก@S HI> g=BG@J WaW_[\ MDกD=D VKDก@S 
qS\V>^_`LDMก=>SDGT@UMก=>VกVDกMDกD=D^MกD=T@UMก=>VกJ[U][T?D]YKDT@k^MกD=iIBA^Mh@mMAaM
Aeau< W_eM ก=>VกJ[UV>MKDu<iIBAW<XMVaHYSLiI W<XMÀM Ye?Mก=>SDGVDกWJww@xMDV>^_`T@UM
ก=>VกJ[U][T?D]YKDT@k^MกD=iIBA^Mh@mMAeau<J[U=aLIL]D W_eM ก=>VกYKDb=@gกD=กeaY=̀DL W<XMÀM 
 

?@YSZT@UMa[ก_MBSbMFULJ[Uio`iIBAก=>Vก^_`^MกD=T@UMก=>VกTcaH<dL (Interleaving 
Powder) qS\V>][Ye?MiY]bI@ก 2 <=>WvJTca W]tSa>T[=Bก (Acrylic Beads) JKDbM̀DJ[U^MกD=T@UM
ก=>Vกb=caH\กก=>Vกu]e^b̀ABSก@M HI> ก=SaeaM_MBSiL JKDbM̀DJ[U^MกD==@กGDYvD?>J[UiB?ก=>Vก
^b̀W<XMก=SAIaSW?ID ?@YSZT@UM_MBSM[mV>^_`W]cUa][กD==̀aLhaVDกIoกT`Db=caio`g=BqvTก=>VกWJeDM@mM 
fFULqS\J@U?u<HI`?V>^_`ก=>SDGT@UMก=>VกW<XM?@YSZT@UMbI@ก 
 
2.  78ก��2�81.;	G=1.,F9D�*9ก�� 
 

iIกD=JSIaL^Mb̀aL<lBg@ABกD=][S@LM[m 
 

2.1  iIกD=JSYagT?D]YD]D=n^MกD=bMe?LกD=WกBST=DgHI>=DgMiB?ก=>VกhaLHieM
_BmMA@?a\eDL� 

 
iIกD=JSYagกD=bMe?LกD=WกBST=DgHI>=DgMiB?ก=>VกhaLHieM_BmMA@?a\eDL� S@L

HYSL^MAD=DLJ[U 4 กD==D\LDMiIกD=WกBST=DgHI>=DgMiB?ก=>VกJ[UT@UMS̀?\HieM_BmMA@?a\eDL� V>
wBVD=jDVDกHieMก=>Vก^S� กtAD]J[UWกBS=ZMH=LJ[UYZS^MHAeI>_e?L=>\>W?IDJ[UY@LWกA qS\A@?a\eDL
=>S@gT?D]=ZMH=LhaLกD=WกBST=DgHI>=DgMiB?ก=>VกS@LJ[UกKDbMSu?̀^MAD=DLJ[U 4 HI>vDwJ[U 9  
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*���.23� 4  T?D]YD]D=n^MกD=bMe?LกD=WกBST=DgHI>=DgMiB?ก=>VกhaLHieM_BmMA@?a\eDL�  
 

T?D]=ZMH=LhaLกD=WกBST=Dg T?D]=ZMH=LhaLกD=WกBS=D 
_MBSก=S 

<lBg@AB 

=>S@gT?D]
W<XMก=S-SeDL

T?gTZ] 
30 
?@M 

60 
?@M 

90 
?@M 

120 
?@M 

30 
?@M 

60 
?@M 

90 
?@M 

120 
?@M 

Blank 7.00 - • • ••  ∗ ∗ ∗∗ 
4.00 - - • • ∗ ∗ ∗∗ ∗∗ 
5.00 - - • • ∗ ∗∗ ∗∗ ∗∗ TEP01 
6.00 - - • • ∗ ∗∗ ∗∗∗ ∗∗∗ 
4.00 - - - - - - - - 
5.00 - - - • - - - ∗ TEP02 
6.00 - - • • - - ∗ ∗ 
4.00 •• ••• ••• ••• - - - - 
5.00 • • •• •• - ∗ ∗ ∗∗ 

TEP03 
(Control) 

6.00 • • •• •• - - - - 
 

G5�@0G*�  • = WกBST=DgM̀a\; •• = WกBST=Dg<DMกIDL; ••• = WกBST=Dg]Dก 
    ∗ = WกBS=DM̀a\; ∗∗ = WกBS=D<DMกIDL; ∗∗∗ = WกBS=D]Dก 
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��23� 9  T?D]YD]D=n^MกD=bMe?LกD=WกBST=DgHI>=DgMiB?ก=>VกhaLHieM_BmMA@?a\eDL�          
               J[U_MBSก=SHI>=>S@gT?D]W<XMก=S-SeDLAeDL� W]cUaieDMกD=JSIaLu<HI`? 120 ?@M 
 
G5�@0G*�  ก=>VกhMDS 0.6×15.0×12.5 WfMABW]A= 

   • = WกBST=DgM̀a\; •• = WกBST=Dg<DMกIDL; ••• = WกBST=Dg]Dก 
    ∗ = WกBS=DM̀a\; ∗∗ = WกBS=D<DMกIDL; ∗∗∗ = WกBS=D]Dก 
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fFULV>WbtMuS̀?eDHieM_BmMA@?a\eDL� W<IeDYD]D=nbMe?LกD=WกBST=DgHI>=DgMiB?ก=>Vก
uS̀^M=>\>W?IDu]eWกBM 30 ?@M WMcUaLVDกHieM_BmMA@?a\eDL� W<IeDu]euS̀=@gกD=<lBg@ABS̀?\ก=SHAea\eDL
^S VFL][YvD?>W<XMกIDL fFUL][T?D]W<XMu<uS̀?eDW]cUaT?D]_cmMWh`DJKD<lBกB=B\Dก@giB?ก=>VกJ[U][ Na2O 
iY]a\oe V>uS̀iIBAv@j�pW<XM NaOH JKD^b̀=>b?eDLHieMก=>VกJSYagJ[UT@UMS̀?\HieM_BmMA@?a\eDL� 
W<IeD][YvD?>W<XMSeDLJ@MJ[ NaOH VFLJKD<lBกB=B\DAeaWMcUaLก@g CO2 ^MaDกDE WกBSW<XMT=DgiB?ก=>Vก
hFmMS@LM[m (Chitwatcharakomol, 1995) 
 

Na2O   +   H2O   →   2NaOH 
                                                  2NaOH   +   CO2   →   Na2CO3   +   H2O 
 

J@mLM[m  กD=WกBST=DgHI>=DgMiB?ก=>VกV>=ZMH=LhFmMJ[U=>\>W?ID 60 HI> 90 ?@M 
a\eDLu=กtAD]HieM_BmMA@?a\eDL� W<IeDV>YD]D=nbMe?LกD=WกBST=DgHI>=DgMiB?ก=>Vก^b̀][T?D]
=ZMH=LM̀a\ก?eDHieM_BmMA@?a\eDLJ[U<lBg@ABS̀?\ก=SHกe TEP03 (Control) 
 

HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SHกe TEP03 (Control) J[UJZก=>S@gT?D]W<XMก=S-SeDL
J[UJSIaLV>WกBST=DgiB?ก=>VกA@mLHAe=>\>W?ID 30 ?@M HI>=ZMH=L]DกhFmMW]cUaT=g=>\>W?ID 120 
?@M qS\V>][กD=WกBS=DgMiB?ก=>VกW�wD>J[U=>S@gT?D]W<XMก=S-SeDLWJeDก@g 5.0 J[U=>\>W?IDu]eWกBM 
60 ?@MWJeDM@mM fFULHYSL^b̀WbtM?eDT?D]YD]D=n^MกD=bMe?LกD=WกBST=DgiB?ก=>VกS̀a\ก?eD
T?D]YD]D=nhaLHieM_BmMA@?a\eDL� W<IeD HI>HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SaeaM TEP01 HI> 
TEP02 H]`?eD=>b?eDLHieMก=>VกJSYagJ[UT@UMS̀?\HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SHกe TEP03 
(Control) V>][YvD?>W<XMก=SกtAD] J@mLM[maDVW<XMWw=D>aLTp<=>กagJDLWT][haLก=SHกe TEP03 
(Control) YD]D=nWh`DJKD<lBกB=B\Dก@gqfWS[\]uaaaMJ[UW<XMiIBAv@j�pVDก<lBกB=B\D=>b?eDLT?D]_cmM
ก@gก=>Vก^MYvD?>J[UW<XMก=SuS̀J@MJ[ JKD^b̀WกBSW<XMT=DgiB?ก=>VกhFmMa\eDL=?SW=t?vD\^M
=>\>W?IDu]eWกBM 30 ?@M S@L<lBกB=B\D (Chitwatcharakomol, 1995) 
 

≡Si-O-Na+   +   H+   →   ≡Si-OH   +   Na+ 
2Na+   +   SO4

2-   →   Na2SO4 
 
I@กGj>S@LกIeD?A=Lก@g<skbDJ[Uio`^_`LDMก=>SDGT@UMก=>VกJ[UiIBAVDก g=BG@J WJw

w@xMDก=>SDG VKDก@S <=>Yga\oe WMcUaLVDกก=SHกe  TEP03 (Control) M@mMW<XMก=SJ[U^_`<=@g=>S@g
T?D]W<XMก=S-SeDL^Mก=>g?MกD=iIBAV=BL HI>VDกกD=JSIaLW]cUaV@SWกtgT=g 120 ?@M ก=>VกJ[UT@UM
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S̀?\HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SHกe TEP03 (Control) M@mMWกBST=DgiB?ก=>Vก^MJZก=>S@g
T?D]W<XMก=S-SeDL qS\ก=>VกJ[UT@UMS̀?\HieM_BmMA@?a\eDL� J[UJKDกD=<=@g=>S@gT?D]W<XMก=S-SeDL 
WJeDก@g 4.0 WกBST=DgiB?ก=>Vก]DกJ[UYZS WMcUaLVDก^_`<=B]Djก=SHกe TEP03 (Control) ^MกD=<lBg@AB
]DกJ[UYZS (Chitwatcharakomol, 1995) 

 
YKDb=@gHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SaeaM  TEP01 wg?eDYD]D=n^MกD=bMe?L

กD=WกBST=DgiB?ก=>VกuS̀u]eWกBM 60 ?@M fFUL^b̀iIกD=JSIaLJ[US[ก?eDT?D]YD]D=n^MกD=bMe?LกD=
WกBST=DgiB?ก=>VกhaLHieM_BmMA@?a\eDL� W<IeD HI>_ZSJ[U<lBg@ABS̀?\ก=SHกe TEP03 (Control) J@mLM[m
aDVW<XMWw=D>=>b?eDLHieMก=>VกJSYagJ[UT@UMS̀?\HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SaeaM  TEP01 
][YvD?>W<XMก=S HI>YD=WT][J[U^_`iIBAก=SaeaM TEP01 u]e][aLTp<=>กagJ[Uกea^b̀WกBS Na2SO4 
S@LW_eMก=j[haLก=SHกe TEP03 (Control) a\eDLu=กtAD]W]cUaT=gกKDbMSV@SWกtg 90 ?@M V>A=?Vwg
T=DgiB?ก=>VกWกBShFmMWItกM̀a\ J@mLM[maDVWMcUaLVDก<=B]DjhaLก=SaeaM TEP01 ISILVDกกD=JKD
<lBกB=B\Dก@g NaOH fFULWกBShFmMa\eDLAeaWMcUaLVDกกD=JKD<lBกB=B\DhaLT?D]_cmMก@giB?ก=>VกJ[U][ Na2O 
iY]a\oe VMJKD^b̀ NaOH ][]DกWกBMwaHI>JKD<lBกB=B\Dก@gก�DfTD=pgaMuSaaกufSpVMWกBSW<XMT=Dg
iB?ก=>VกS@L<lBกB=B\D (Chitwatcharakomol, 1995) 
 

Na2O   +   H2O   →   2NaOH 
NaOH   +   TEP01   →   TEP01−Na   +   H2O 

2NaOH   +   CO2   →   Na2CO3   +   H2O 
 
a\eDLu=กtAD]HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SaeaM TEP01 V>u]eYD]D=nbMe?LกD=

WกBS=DgMiB?ก=>VกA@mLHAe=>\>W?ID 30 ?@MH=ก HI>V>=ZMH=LhFmMAD]=>\>W?IDJ[UWwBU]hFmMVMnFL 120 
?@M HI>J[U=>S@gT?D]W<XMก=S-SeDLJ[UWwBU]hFmM  

 
HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SaeaM TEP02 ^b̀][=>S@gT?D]W<XMก=S-SeDLWJeDก@g 

4.0 YD]D=nbMe?LกD=WกBST=DgHI>=DgMiB?ก=>VกuS̀S[J[UYZSW]cUaW<=[\gWJ[\gก@gT?D]YD]D=nhaL
HieM_BmMA@?a\eDL� W<IeDHI>_ZSJ[U<lBg@ABS̀?\ก=S_MBSacUM กIeD?TcaJ[U=>\>W?ID 120 ?@M u]e<=Dกl
T=DgHI>=DgMiB?ก=>Vก VFLกIeD?uS̀?eDก=SaeaM TEP02 W<XMก=SJ[U][<=>YBJ}BvDwS[J[UYZS^MกD=
bMe?L<lBกB=B\D=>b?eDLT?D]_cmMก@gก=>VกfFULW<XMYDWbAZhaLกD=WกBST=DgHI>bMe?LกD=WกBS=DgM
iB?ก=>Vก J@mLM[maDVW<XMWw=D>=>b?eDLHieMก=>VกJSYagJ[UT@UMS̀?\HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\
ก=SaeaM TEP02 ][YvD?>W<XMก=S YD=WT][J[U^_`iIBAก=SaeaM TEP02 u]e][aLTp<=>กagJ[Uกea^b̀WกBS 
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Na2SO4 S@LW_eMก=SHกe TEP03 (Control) HI>ก=SaeaM TEP02 HAกA@?^b`u�qS=WVMuaaaMuS̀S[ก?eD
ก=SaeaM TEP01 JKD^b̀ NaOH fFULWกBShFmMa\eDLAeaWMcUaLVDกกกD=JKD<lBกB=B\DhaLT?D]_cmMก@giB?
ก=>VกJ[U][ Na2O iY]a\oe YD]D=nJKD<lBกB=B\Dก@gก=SaeaM TEP02 uS̀S[ก?eDก=SaeaM TEP01 S@L
<lBกB=B\D (Chitwatcharakomol, 1995) 
 

Na2O   +   H2O   →   2NaOH 
NaOH   +   TEP02   →   TEP02−Na   +   H2O 

 
a\eDLu=กtAD]HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SaeaM TEP02 ^b̀][=>S@gT?D]W<XM

ก=S-SeDLWJeDก@g 5.0 HI> 6.0 YD]D=nbMe?LกD=WกBST=DgiB?ก=>VกuS̀u]eWกBM 90 ?@M HI> 60 ?@M 
AD]IKDS@g WMcUaLVDก^_`<=B]Djก=SaeaM TEP02 ^MกD=<lBg@ABM̀a\ก?eDHieM_BmMA@?a\eDL� J[U<lBg@AB
S̀?\ก=SaeaM TEP02 ^b̀][=>S@gT?D]W<XMก=S-SeDLWJeDก@g 4.0 J@mLM[maDVW<XMWw=D>W]cUa<=B]DjhaL
ก=SaeaM TEP02 ISILVDกกD=JKD<lBกB=B\Dก@g NaOH fFULWกBShFmMa\eDLAeaWMcUaLVDกกกD=JKD<lBกB=B\D
haLT?D]_cmMก@giB?ก=>VกJ[U][ Na2O iY]a\oe VMJKD^b̀ NaOH ][]DกWกBMwaHI>JKD<lBกB=B\Dก@gก�Df
TD=pgaMuSaaกufSpVMWกBSW<XMT=DgiB?ก=>VกS@L<lBกB=B\D (Chitwatcharakomol, 1995) 
 

Na2O   +   H2O   →   2NaOH 
NaOH   +   TEP02   →   TEP02−Na   +   H2O 

2NaOH   +   CO2   →   Na2CO3   +   H2O 
        

J@mLM[mI@กGj>กD=bMe?LกD=WกBS=DgMiB?ก=>VกhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S
aeaM TEP02 V>ISILAD]<=B]DjกD=<lBg@ABHieM_BmMA@?a\eDLJ[UM̀a\ILWwcUa^b̀T?D]W<XMก=S-SeDLJ[U
YoLhFmM 

 
W<XMJ[UMeDY@LWกA?eD T?D]=ZMH=LhaLกD=WกBS=DgMiB?ก=>VกV>WกBShFmMW]cUa][=>S@gT?D]

W<XMก=S-SeDLJ[UYoLhFmMu]e?eDV>^_`ก=S_MBS^S<lBg@ABก@gHieM_BmMA@?a\eDL� fFULYaSTI`aLก@gLDM?BV@\
haLWกE=BMJ=p (2552) J[UY=Z<?eD WMcUaLVDกJ[U=>S@gT?D]W<XMก=S-SeDLM̀a\ก?eD 4.0 =DV>WV=BkuS̀Ww[\L
WItกM̀a\ W]cUa=>S@gT?D]W<XMก=S-SeDLWwBU]hFmM =DV>WV=BkuS̀S[hFmMHI>กD=WV=BkhaL=DV>ISILW]cUa
=>S@gT?D]W<XMก=S-SeDLWJeDก@g 9.1 
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a\eDLu=กtAD]^MJDL<lBg@ABV=BL^MaZAYDbก==]ก=>SDGT@UMก=>Vก <skbDกD=WกBS=D
gMiB?ก=>VกYD]D=n<daLก@MuS̀S̀?\กD=^_`YD=WT][\@g\@mLW_cma=D^MกD=iIBAก=>SDGT@UMก=>Vก HAe
WMcUaLVDกกD=EFกGDT=@mLM[mÀaLกD=EFกGDaBJ}BwIhaL_MBSก=SHI>=>S@gT?D]W<XMก=S-SeDLWJeDM@mM VFL
]BuS̀^_`YD=WT][\@g\@mLW_cma=D^MกD=EFกGD?BV@\T=@mLM[m HI>VDกiIกD=JSIaL][T?D]W<XMu<uS̀?eDbDก][
กD=<=>\ZกAp^_`ก=SaeaM TEP02 <lBg@ABก@gก=>SDGT@UMก=>VกJ[UiIBAhFmMV=BL aDVu]eVKDW<XMÀaL][กD=
^_`YD=WT][\@g\@mLW_cma=D^MกD=iIBAกtW<XMuS̀ qS\W�wD>J[U=>S@gT?D]W<XMก=S-SeDLWJeDก@g 4.0 

 
2.2  iIกD=JSYagbDกIY]g@ABHI>Y]g@ABJDLกD\vDwhaLHieM_BmMA@?a\eDL�  

 
iIกD=JSYagbDกIY]g@ABHI>Y]g@ABJDLกD\vDwhaLHieM_BmMA@?a\eDL� HYSLS@L

AD=DLJ[U 5 V>WbtMuS̀?eD_MBSก=SHI>=>S@gT?D]W<XMก=S-SeDLhaLHieM_BmMA@?a\eDL� ][iIJKD^b̀กI
Y]g@ABHI>Y]g@ABJDLกD\vDwhaLHieM_BmMA@?a\eDL� WกBSกD=W<I[U\MH<IL qS\T?D]bMDHMeM กD=
\a]^b̀aDกDEubIieDM HI>T?D]hD?Y?eDLhaLHieM_BmMA@?a\eDL� ][HM?qM̀]WwBU]hFmMW]cUa][=>S@g
T?D]W<XMก=S-SeDLISIL HI>HieM_BmMA@?a\eDL� J[UieDMกD=<lBg@ABS̀?\ก=SJZก_MBSV>][HM?qM̀]haL
TeDT?D]bMDHMeM กD=\a]^b̀aDกDEubIieDM HI>T?D]hD?Y?eDL]DกhFmMW]cUaW<=[\gWJ[\gก@gHieM
_BmMA@?a\eDL� W<IeD Ye?MT?D]HhtLH=LAeaกD=SFLHI>T?D]JFgHYLhaLHieM_BmMA@?a\eDL� ][HM?qM̀]
ISILW]cUa][=>S@gT?D]W<XMก=S-SeDLISIL HI>HieM_BmMA@?a\eDL� J[UieDMกD=<lBg@ABS̀?\ก=SJZก_MBS
V>][HM?qM̀]haLTeDT?D]HhtLH=LAeaกD=SFLHI>T?D]JFgHYLAUKDก?eDHieM_BmMA@?a\eDL� W<IeD 
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*���.23� 5  iIกD=JSYagY]g@ABJDLกD\vDwHI>กIY]g@ABhaLHieM_BmMA@?a\eDL� 
 

กIY]g@ABHI>Y]g@ABJDLกD\vDw 
_MBSก=S 

<lBg@AB 

=>S@gT?D]
W<XMก=S-SeDL

T?gTZ] 
=>S@gT?D]W<XM 
ก=S-SeDLJ[U?@SuS ̀

T?D]bMDHMeM 
(g/cm3) 

S@_M[H=LSFL 
(Nm/g) 

กD=\a]^b`aDกDEubIieDM 
(µm/Pa.sec.) 

T?D]hD?Y?eDL 
(%) 

T?D]JFgHYL 
(%) 

Blank 7.00 7.05±0.06 0.487±0.004 47.75±0.59 19.67±0.43 62.21±0.34 73.98±0.30 
4.00 4.05±0.09 0.496±0.004 44.02±0.43 22.51±0.47 63.97±0.18 70.64±0.19 
5.00 4.71±0.39 0.495±0.003 45.53±0.31 21.88±0.40 63.44±0.17 71.76±0.30 

 
TEP01 

 6.00 5.77±0.65 0.492±0.006 46.98±0.44 21.04±0.26 62.34±0.15 72.59±0.29 
4.00 5.80±0.16 0.493±0.004 43.80±0.83 22.40±0.40 63.02±0.18 70.98±0.38 
5.00 6.02±0.09 0.491±0.002 45.42±0.78 21.71±0.56 62.36±0.13 71.54±0.16 

 
TEP02 

 6.00 6.56±0.20 0.489±0.004 46.35±0.73 20.29±0.46 62.27±0.14 72.11±0.29 
4.00 3.54±0.36 0.501±0.003 42.01±0.38 20.16±0.36 63.85±0.16 70.59±0.23 
5.00 4.88±0.42 0.494±0.003 43.74±0.72 19.93±0.54 62.72±0.23 72.96±0.34 

TEP03 
(Control) 

6.00 6.05±0.14 0.493±0004 44.33±0.58 19.78±0.57 62.46±0.37 73.69±0.44 

 
G5�@0G*�  TeDHAeI>TeDTcaA@?HJMJ[U=>S@gT?D]W_cUa]@UMJDLYnBABWJeDก@g=̀a\I> 95 
                  TEP01, TEP02 HI> TEP03 W<XM_cUaW=[\กHJMhaLYD=I>ID\ก=SJ[UTBST`MYoA=hFmMqS\g=BG@J WJww@xMDก=>SDG VKDก@S HI>YDhD?B_D?MiIBAv@j�p  
                  ]bD?BJ\DI@\WกGA=EDYA=p HI>S̀?\h`aVKDก@SAD]T?D]M@\ w.=.g. T?D]I@gJDLกD=T`D w.E. 2545 (ก=]J=@w\pYBMJDL<skkD, 2545) VFLu]eYD]D=n  
                  W<�SWi\_cUaHI>YoA=JDLWT][uS̀ 
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VDกAD=DLJ[U 6 V>WbtMuS̀?eD _MBSก=SJ[U^_`<lBg@ABก@gHieM_BmMA@?a\eDL� V>YeLiIAeaกD=
W<I[U\MH<ILhaLTeDS@_M[H=LSFLHI>กD=\a]^b̀aDกDEubIieDMhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\
ก=S qS\V>u]eYeLiIAeaกD=W<I[U\MH<ILT?D]bMDHMeM T?D]hD?Y?eDL HI>T?D]JFgHYLhaLHieM
_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=Sa\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 

 
J@mLM[m =>S@gT?D]W<XMก=S-SeDLJ[U^b̀^MกD=<lBg@ABก@gHieM_BmMA@?a\eDL� V>YeLiIAeaกD=

W<I[U\MH<ILTeDS@_M[H=LSFL T?D]hD?Y?eDL HI>T?D]JFgHYLhaLHieM_BmMA@?a\eDLJ[U<lBg@ABS̀?\ก=S 
qS\V>u]eYeLiIAeaกD=W<I[U\MH<ILT?D]bMDHMeMHI>กD=\a]^b̀aDกDEubIieDMhaLHieM_BmM
A@?a\eDL� J[U<lBg@ABS̀?\ก=Sa\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 
 

*���.23� 6  <sVV@\J[U][iIAeaY]g@ABAeDL� haLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S 
 

_MBSก=S =>S@gT?D]W<XMก=S-SeDL 
Y]g@AB 

F(0.05,2,4) f F(0.05,2,4) f 
T?D]bMDHMeM 6.94 4.91ns 6.94 5.57ns 

S@_M[H=LSFL 6.94 81.10* 6.94 104.00* 

กD=\a]^b̀aDกDEubIieDM 6.94 14.16* 6.94 6.44ns 

T?D]hD?Y?eDL 6.94 3.74ns 6.94 12.03* 

T?D]JFgHYL 6.94 2.16ns 6.94 10.71* 

       

G5�@0G*�  ns u]e][T?D]HAกAeDLก@Ma\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 
                  * ][T?D]HAกAeDLก@Ma\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 
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��23� 10  กD=W<I[U\MH<ILT?D]bMDHMeMhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\_MBSก=SHI>=>S@g 
                 T?D]W<XMก=S-SeDLAeDL� ก@M 
 
G5�@0G*�  Error Bars HYSLnFL_e?L=>S@gT?D]W_cUa]@UMJDLYnBABWJeDก@g=̀a\I> 95 
 

S@LJ[UuS̀กIeD?]DHI`?h`DLÀMVDกvDwJ[U 10 V>WbtMuS̀?eDT?D]bMDHMeMhaLHieM_BmM
A@?a\eDL� ][HM?qM̀]WwBU]hFmMW]cUa=>S@gT?D]W<XMก=S-SeDLISIL HI>HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\
ก=SJZก_MBSV>][HM?qM̀]TeDT?D]bMDHMeM]Dกก?eDHieM_BmMA@?a\eDL� W<IeD J@mLM[maDVW<XMWw=D>WY`M
^\J[Ua\oe^MHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SV>noกu�qS=uIYp JKD^b̀WกBSกD=ก=>_@gA@?haLWY`M^\
^MกD=Hb̀LA@?J[US[hFmM J@mLM[m=?]nFLhMDShaLWY`M^\aDVnoกA@SJaM^b̀][hMDSY@mMILqS\LeD\ WMcUaLVDก
iM@LWfIIpWY`M^\aeaMHaILVDกกD=u�qS=uIYphaLก=SHI>aDVWกBSกD=I>ID\A@?haLaMZvDTiM@L
WfIIpWY`M^\hMDSWItก (Fines) HI>YD=<=>กagacUM� JKD^b̀WกBSกD=V@SWh`D=o<haLWY`M^\^M
qT=LY=̀DLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SS[hFmMHI>HMeMhFmM qS\W�wD>a\eDL\BULW]cUa=>S@g
T?D]W<XMก=S-SeDLISILb=ca][T?D]W<XMก=S]DกhFmM (Lacerda et al., 2013; Lai, 1996; Niskanen, 
1998; Thygesen et al., 2007; Young and Rowell, 1986) 

 
a\eDLu=กtAD]W]cUaJKDกD=?BWT=D>bpiIJDLYnBABS@LHYSL^MAD=DLJ[U 6 HI>VDกAD=DL

iM?กJ[U h1 HI> h2 W]cUaJKDกD=JSYagAeaWMcUaLS̀?\?B}[กD=JSYagHgg Tukey HSD (Honestly 
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Significant Difference) wBVD=jDnFL_MBShaLก=SJ[U][iIAeaกD=W<I[U\MH<ILT?D]bMDHMeMhaLHieM
_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S V>wg?eDu]e][กD=W<I[U\MH<ILa\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]
W_cUa]@UM=̀a\I> 95 HI>W]cUawBVD=jDnFL=>S@gT?D]W<XMก=S-SeDLJ[U][iIAeaกD=W<I[U\MH<ILT?D]
bMDHMeMhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S V>wg?eDu]e][กD=W<I[U\MH<ILa\eDL][M@\YKDT@k
JDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 W_eMก@M 
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��23� 11  กD=W<I[U\MH<ILS@_M[H=LSFLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\_MBSก=SHI>=>S@g 
                 T?D]W<XMก=S-SeDLAeDL� ก@M 
 
G5�@0G*�  Error Bars HYSLnFL_e?L=>S@gT?D]W_cUa]@UMJDLYnBABWJeDก@g=̀a\I> 95 

 
vDwJ[U 11 HYSL^b̀WbtMnFLกD=W<I[U\MH<ILhaLTeDS@_M[H=LSFLfFULY>J`aMnFLT?D]

HhtLH=LAeaกD=SFLhaLHieM_BmMA@?a\eDL� กIeD?TcaHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SJZก_MBSV>][
HM?qM̀]haLT?D]HhtLH=LAeaกD=SFLJ[UAUKDก?eDก=j[haLHieM_BmMA@?a\eDL� W<IeD J@mLM[mWMcUaLVDกHieM
_BmMA@?a\eDL� J[UieDMกD=<lBg@ABS̀?\ก=SaDV][WY`M^\J[U][iM@LWfIIpWY`M^\aeaMHaHI>YokWY[\T?D]
HhtLH=La@MWMcUaL]DVDกกD=u�qS=uIYphaLก=S qS\W�wD>a\eDL\BULW]cUa=>S@gT?D]W<XMก=S-SeDL
ISIL b=ca][T?D]W<XMก=S]DกhFmM HI>ก=SHกe TEP03 (Control) V>JKD^b̀WกBSกD=u�qS=uIYpJ[U
=ZMH=Lก?eDก=SaeaM TEP01 HI> TEP02 fFULJKD^b̀T?D]HhtLH=LhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\
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ก=SHกe TEP03 (Control) V>][HM?qM̀]AUKDก?eDT?D]HhtLH=LhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S
aeaM TEP01 TEP02 HI>HieM_BmMA@?a\eDL� W<IeD (Lacerda et al., 2013; Lai, 1996; Niskanen, 1998; 
Thygesen et al., 2007; Young and Rowell, 1986)   

 
a\eDLu=กtAD]W]cUaJKDกD=?BWT=D>bpiIJDLYnBABS@LHYSL^MAD=DLJ[U 6 HI>VDกAD=DL

iM?กJ[U h3 HI> h4 W]cUaJKDกD=JSYagAeaWMcUaLS̀?\?B}[กD=JSYagHgg Tukey HSD wBVD=jDnFL
_MBShaLก=SJ[U][iIAeaกD=W<I[U\MH<ILTeDS@_M[H=LSFLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S V>
wg?eDก=SaeaM TEP01 HI>ก=SaeaM TEP02 V>YeLiIAeaกD=W<I[U\MH<ILTeDS@_M[H=LSFLhaLHieM
_BmMA@?a\eDL� AeDLVDกก=SHกe TEP03 (Control) HI>ก=SaeaMJ@mLYaL_MBSu]eYeLiIAeaกD=
W<I[U\MH<ILTeDS@_M[H=LSFLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=Sa\eDL][M@\YKDT@kJDLYnBABJ[U=>S@g
T?D]W_cUa]@UM=̀a\I> 95 HI>W]cUawBVD=jDnFL=>S@gT?D]W<XMก=S-SeDLJ[U][iIAeaกD=W<I[U\MH<ILTeD
S@_M[H=LSFLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S V>wg?eD=>S@gT?D]W<XMก=S-SeDLWJeDก@g 4.0 5.0 
HI> 6.0 V>YeLiIAeaกD=W<I[U\MH<ILTeDS@_M[H=LSFLhaLHieM_BmMA@?a\eDL� HAกAeDLก@Ma\eDL][
M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 
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��23� 12  กD=W<I[U\MH<ILกD=\a]^b̀aDกDEubIieDMhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\_MBSก=S  
                 HI>=>S@gT?D]W<XMก=S-SeDLAeDL� ก@M  
 
G5�@0G*�  Error Bars HYSLnFL_e?L=>S@gT?D]W_cUa]@UMJDLYnBABWJeDก@g=̀a\I> 95 

 
ก=j[haLกD=\a]^b̀aDกDEubIieDMS@LHYSL^MvDwJ[U 12 V>WbtMuS̀?eDHieM_BmMA@?a\eDL

� J[U<lBg@ABS̀?\ก=S V>][TeDกD=\a]^b̀aDกDEubIieDMJ[UYoLก?eDก=j[haLHieM_BmMA@?a\eDL� W<IeD 
qS\W�wD>a\eDL\BULก=j[J[UHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SaeaM TEP01 HI> TEP02 fFULW<XMu<uS̀
?eDก=SaeaMV>JKD^b̀WกBSกD=I>ID\A@?haLaMZvDTiM@LWY`M^\hMDSWItกHI>YD=<=>กagacUM� qS\][
กD=JKDID\iM@LWfIIpWY`M^\J[U=ZMH=LM̀a\ก?eDก=j[haLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SHกe TEP03 
(Control) VFLJKD^b̀_eaLJDLWSBMhaLaDกDE^MqT=LY=̀DLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S]Dก
hFmM qS\W�wD>a\eDL\BULW]cUa=>S@gT?D]W<XMก=S-SeDLISIL b=ca][T?D]W<XMก=S]DกhFmM a\eDLu=กtAD]
^Mก=j[haLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SHกe TEP03 (Control) fFULกD=I>ID\A@?haLaMZvDT
iM@LWY`M^\hMDSWItกHI>YD=<=>กagacUM� J[UJKD^b̀WกBS_eaLJDLWSBMhaLaDกDE^MqT=LY=̀DLhaL
HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S]DกhFmMV>noก_SW_\VDกกD=J[UiM@LWfIIpWY`M^\aDVaeaMHaILVDก
กD=u�qS=uIYphaLก=S JKD^b̀WกBSกD=V@SWh`D=o<haLWY`M^\^MqT=LY=̀DLhaLHieM_BmMA@?a\eDL� S[hFmM
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HI>HMeMhFmM VFLJKD^b̀กD=\a]^b̀aDกDEubIieDMAUKDก?eDHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SaeaM 
TEP01 HI> TEP02 fFULw�ABก==]S@LกIeD?YaSTI`aLก@gw�ABก==]S@LJ[UHYSL^MvDwJ[U 10 (Lacerda 
et al., 2013; Lai, 1996; Niskanen, 1998; Thygesen et al., 2007; Young and Rowell, 1986)  

 
a\eDLu=กtAD]W]cUaJKDกD=?BWT=D>bpiIJDLYnBABS@LHYSL^MAD=DLJ[U 6 HI>VDกAD=DL

iM?กJ[U h5 HI> h6 W]cUaJKDกD=JSYagAeaWMcUaLS̀?\?B}[กD=JSYagHgg Tukey HSD wBVD=jDnFL
_MBShaLก=SJ[U][iIAeaกD=W<I[U\MH<ILกD=\a]^b̀aDกDEubIieDMhaLHieM_BmMA@?a\eDL� J[U<lBg@AB
S̀?\ก=S V>wg?eDก=SaeaM TEP01 HI>ก=SaeaM TEP02 V>YeLiIAeaกD=W<I[U\MH<ILกD=\a]^b̀
aDกDEubIieDMhaLHieM_BmMA@?a\eDL� AeDLVDกก=SHกe TEP03 (Control) HI>ก=SaeaMJ@mLYaL_MBS
u]eYeLiIAeaกD=W<I[U\MH<ILTeDกD=\a]^b̀aDกDEubIieDMhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S
a\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 HI>W]cUawBVD=jDnFL=>S@gT?D]W<XMก=S-
SeDLJ[U][iIAeaกD=W<I[U\MH<ILกD=\a]^b̀aDกDEubIieDMhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S 
V>wg?eDu]e][กD=W<I[U\MH<ILa\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 
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��23� 13  กD=W<I[U\MH<ILT?D]hD?Y?eDLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\_MBSก=SHI>=>S@g 
                 T?D]W<XMก=S-SeDLAeDL� ก@M 
 
G5�@0G*�  Error Bars HYSLnFL_e?L=>S@gT?D]W_cUa]@UMJDLYnBABWJeDก@g=̀a\I> 95 
 

vDwJ[U 13 HYSL^b̀WbtM?eDT?D]hD?Y?eDLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SJZก
_MBS][HM?qM̀]J[UYoLก?eDก=j[haLHieM_BmMA@?a\eDL� W<IeD W]cUa=>S@gT?D]W<XMก=S-SeDLISILb=ca][
T?D]W<XMก=S]DกhFmM J@mLM[maDVW<XMWw=D>กD=I>ID\A@?haLaMZvDTiM@LWY`M^\hMDSWItกHI>
YD=<=>กagacUM� J[UJKD^b̀WกBS_eaLJDLWSBMhaLaDกDE^MqT=LY=̀DLhaLHieM_BmMA@?a\eDL� J[U<lBg@AB
S̀?\ก=S]DกhFmM YaSTI`aLก@giIhaLกD=\a]^b̀aDกDEubIieDMS@LvDwJ[U 12 fFULV>W<XMYe?MJ[UJKD^b̀
WกBSกD=ก=>WVBLhaLHYLJ[US[ a@MWMcUaLVDกกD=WTIcUaMJ[UhaLHYLvD\^MqT=LY=̀DLhaLHieM_BmMA@?a\eDL
� b@กWbYI@gu<]D=>b?eDLYe?MJ[UW<XMaDกDEก@giM@LWfIIpWY`M^\VFLJKD^b̀T?D]hD?Y?eDL]DกhFmM 
(Lacerda et al., 2013; Lai, 1996; Niskanen, 1998; Thygesen et al., 2007; Vaarasalo; 1999; Young 
and Rowell, 1986) 
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a\eDLu=กtAD]W]cUaJKDกD=?BWT=D>bpiIJDLYnBABS@LHYSL^MAD=DLJ[U 6 HI>VDกAD=DL
iM?กJ[U h7 HI> h8 W]cUaJKDกD=JSYagAeaWMcUaLS̀?\?B}[กD=JSYagHgg Tukey HSD wBVD=jDnFL
_MBShaLก=SJ[U][iIAeaกD=W<I[U\MH<ILT?D]hD?Y?eDLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S V>
wg?eDu]e][กD=W<I[U\MH<ILa\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 HI>W]cUa
wBVD=jDnFL=>S@gT?D]W<XMก=S-SeDLJ[U][iIAeaกD=W<I[U\MH<ILT?D]hD?Y?eDLhaLHieM_BmMA@?a\eDL� 
J[U<lBg@ABS̀?\ก=S V>wg?eD=>S@gT?D]W<XMก=S-SeDLWJeDก@g 4.0 V>YeLiIAeaกD=W<I[U\MH<ILT?D]
hD?Y?eDLhaLHieM_BmMA@?a\eDL� J[U<�Bg@ABS̀?\ก=SHAกAeDLVDก=>S@gT?D]W<XMก=S-SeDLWJeDก@g 6.0 
a\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 qS\J[U=>S@gT?D]W<XMก=S-SeDLWJeDก@g 5.0 
HI> 6.0 V>u]eYeLiIAeaกD=W<I[U\MH<ILT?D]hD?Y?eDLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S
a\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 
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��23� 14  กD=W<I[U\MH<ILT?D]JFgHYLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\_MBSก=SHI>=>S@g 
                 T?D]W<XMก=S-SeDLAeDL� ก@M 
 
G5�@0G*�  Error Bars HYSLnFL_e?L=>S@gT?D]W_cUa]@UMJDLYnBABWJeDก@g=̀a\I> 95 
 

vDwJ[U 14 HYSL^b̀WbtM?eDT?D]JFgHYLhaLHieM_BmMA@?a\eDL� J[UieDMกD=<lBg@ABS̀?\ก=S
JZก_MBS][HM?qM̀]J[UAUKDก?eDก=j[haLHieM_BmMA@?a\eDL� W<IeD W]cUa=>S@gT?D]W<XMก=S-SeDLISILb=ca
][T?D]W<XMก=S]DกhFmM J@mLM[maDVW<XMWw=D>กD=I>ID\A@?haLaMZvDTiM@LWY`M^\hMDSWItกHI>
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YD=<=>กagacUM� J[UJKD^b̀WกBS_eaLJDLWSBMhaLaDกDE^MqT=LY=̀DLhaLHieM_BmMA@?a\eDL� ]DกhFmM 
fFULV>W<XMYe?MJ[UJKD^b̀WกBSกD=WTIcUaMJ[UhaLHYLieDMYe?MJ[UW<XMaDกDEvD\^MqT=LY=̀DLhaLHieM_BmM
A@?a\eDL� uS̀]DกhFmM VFLJKD^b̀T?D]JFgHYLISIL fFULYaSTI`aLก@gw�ABก==]กD=\a]^b̀aDกDEubI
ieDMS@LHYSL^MvDwJ[U 12 (Lacerda et al., 2013; Lai, 1996; Niskanen, 1998; Thygesen et al., 2007; 
Vaarasalo; 1999; Young and Rowell, 1986) 

 
a\eDLu=กtAD]W]cUaJKDกD=?BWT=D>bpiIJDLYnBABS@LHYSL^MAD=DLJ[U 6 HI>VDกAD=DL

iM?กJ[U h9 HI> h10 W]cUaJKDกD=JSYagAeaWMcUaLS̀?\?B}[กD=JSYagHgg Tukey HSD wBVD=jDnFL
_MBShaLก=SJ[U][iIAeaกD=W<I[U\MH<ILT?D]JFgHYLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S V>
wg?eDu]e][กD=W<I[U\MH<ILa\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 HI>W]cUa
wBVD=jDnFL=>S@gT?D]W<XMก=S-SeDLJ[U][iIAeaกD=W<I[U\MH<ILT?D]JFgHYLhaLHieM_BmMA@?a\eDL� 
J[U<lBg@ABS̀?\ก=S V>wg?eD=>S@gT?D]W<XMก=S-SeDLWJeDก@g 4.0  HI> 5.0 V>u]eYeLiIAeaกD=
W<I[U\MH<ILT?D]JFgHYLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=Sa\eDL][M@\YKDT@kJDLYnBABJ[U=>S@g
T?D]W_cUa]@UM=̀a\I> 95 qS\J[U=>S@gT?D]W<XMก=S-SeDLWJeDก@g 4.0 V>YeLiIAeaกD=W<I[U\MH<ILT?D]
JFgHYLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SJ[U=>S@gT?D]W<XMก=S-SeDLWJeDก@g 6.0 a\eDL][
M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 

 
2.3  iIกD=EFกGDHI>?BWT=D>bp=D 
 

VDกกD=VKDHMก_MBS=DJ[UWกBShFmMgMHieM_BmMA@?a\eDL� wg=DJ@mLb]S 5 YกZI (Genera) 
uS̀Hกe Aspergillus, Penicillium, Monilia, Mucor HI> Trichoderma qS\=DYกZI Aspergillus wg
J@mLb]S 4 _MBS uS̀Hกe Aspergillus carneus, Aspergillus flavus, Aspergillus fumigatus HI> 
Aspergillus niger =DYกZI Penicillium wgJ@mLb]S 3 _MBS Ye?M=DYกZI Monilia, Mucor HI> 
Trichoderma wgYกZII> 1 _MBS qS\wcmMJ[UhaL=a\W<��aMY[J[UA=?Vwg=D_MBSAeDL� HYSL^MAD=DL
iM?กJ[U T1  W]cUaMKDwcmMJ[UhaL=a\W<��aMY[J[UA=?Vwg=D_MBSAeDL� ]DTKDM?jW<=[\gWJ[\gก@gwcmMJ[U
haLHieM_BmMA@?a\eDL� S@LYoA=J[UHYSLu?̀Aeau<M[m wcmMJ[UกD=WV=BkhaL=D_MBSAeDL� gMHieM_BmM
A@?a\eDL� HYSL^MAD=DLJ[U 7 
 
wcmMJ[UกD=WV=BkhaL_MBS=D(cm2) = wcmMJ[UhaL=a\W<��aMY[(cm2) × wcmMJ[UhaL=a\W<��aMY[J@mLb]S(cm2) 

                                                                            wcmMJ[UhaLHieM_BmMA@?a\eDL � (214 cm2) 
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*���.23� 7  wcmMJ[UกD=WV=BkhaL=D_MBSAeDL� gMHieM_BmMA@?a\eDL� 
 

wcmMJ[UกD=WV=BkhaL_MBS=D (AD=DLWfMABW]A=) _MBSก=S
<lBg@AB 

=>S@gT?D]W<XM
ก=S-SeDLT?gTZ] Aca Afl Afu Ani Pe1 Pe2 Pe3 Mon Muc Tri 

Blank 7.00 163.81 214.00 - 214.00 - - - - 163.81 - 
4.00 - 91.85 - - - - - - - - 
5.00 - 66.28 - 157.19 66.28 - - 147.72 - 56.81 

 
TEP01 

 6.00 - 214.00 - 214.00 - - - - - - 
4.00 214.00 84.27 - - - 129.73 129.73 - - - 
5.00 - 205.48 - 8.52 - - - - - - 

 
TEP02 

 6.00 56.81 214.00 - 146.77 - - - - - - 
4.00 - 48.29 - 214.00 - - - - - 165.71 
5.00 - 214.00 124.04 80.49 - - - - - - 

TEP03 
(Control) 

6.00 - 214.00 - - - - - - - - 
  
G5�@0G*�  Aca = Aspergillus carneus; Afl = Aspergillus flavus; Afu = Aspergillus fumigatus; Ani = Aspergillus niger; Pe1 = Penicillium sp.1; 
                  Pe2 = Penicillium sp.2; Pe3 = Penicillium sp.3; Mon = Monilia sp.; Muc = Mucor sp.; Tri = Trichoderma sp. 
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=DJ[UA=?VwggMHieM_BmMA@?a\eDL� J@mL 5 YกZI M@mM W<XMW_cma=DJ[UwguS̀J@U?u<^M
YvDwH?SI`a]<sVVZg@M qS\=DYกZI Aspergillus ]@กV>noกwg<MW<��aMa\oe^M?@AnZSBgJDLกD=WกGA=J[U
][WfIIoqIYW<XMaLTp<=>กagWMcUaLVDก=DYกZI Aspergillus YD]D=niIBAWaMuf]pWwcUa\ea\YID\
WfIIoqIYuS̀ (_IMB_D, 2548) VDกกD=JSIaLM[mwg?eD=D_MBS Aspergillus flavus V>noกwga\oegM
HieM_BmMA@?a\eDL� JZก_ZSกD=JSIaL HI>=D_MBS Aspergillus niger V>noกwg]DกW<XMIKDS@g
=aLIL]D qS\wcmMJ[UกD=WV=BkhaLW_cma=D][HM?qM̀]WwBU]hFmMW]cUa=>S@gT?D]W<XMก=S-SeDLhaLHieM_BmM
A@?a\eDL� J[U<lBg@ABS̀?\ก=S ][TeDWwBU]hFmMb=caW<XMก=SM̀a\IL =DJ@mLYaL_MBSM[mV>WV=BkWABgqAuS̀S[J[U
T?D]_cmMY@]w@J}p=̀a\I> 80-90 fFULYvD?>^MqกS@LWกtgก=>SDGJ[UV@SWกtgHieMก=>VกJSYag][
T?D]_cmMY@]w@J}pW�I[U\=̀a\I> 92 Ye?M=D_MBS Aspergillus carneus HI> Aspergillus fumigatus V>
WV=BkWABgqAuS̀S[J[UT?D]_cmMY@]w@J}p=̀a\I> 75-80 HI> =̀a\I> 65 AD]IKDS@g (WกE=BMJ=p, 2552) 

 
MaกVDกM[m ก=j[haL=D^MYกZI Penicillium, Monilia, Mucor HI> Trichoderma wg^M

<=B]DjM̀a\HI>wga\oegMHieM_BmMA@?a\eDL� gDL_ZSกD=JSIaLWJeDM@mM aDVกIeD?uS̀?eD =DYกZI
S@LกIeD?aDV<MW<��aM]Dก@gaDกDE HI>YvD?>กD=JSIaLu]eWb]D>Y]AeaกD=WV=BkWABgqAgMHieM
_BmMA@?a\eDL� ^M_e?L=>\>W?ID 120 ?@M haLกD=V@SWกtg 
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-��,:8�J=10-	1:	� 
 

 VDกกD=EFกGDHI>?BV@\T=@mLM[m YD]D=nY=Z<iIuS̀S@LM[m 
 
1.  >Nก��ก8?กก��0ก9�
��D79)ก���ก1�	0	E�1.��ก,F9ก9�9@�0
53��G)H�.
)�5<EI	ก�Dก���ก 
 
 VDกกD=YagJ?MLDM?BV@\HI>h`a]oIVDกio`iIBAHI>io`g=BqvTก=>SDGT@UMก=>Vก wg?eD<sVV@\
J[UJKD^b̀WกBST=DggMiB?ก=>Vก][a\oe 3 <=>กD=Tca 1) T?D]_cmM 2) <=B]Dj Na2O gMiB?ก=>Vก HI> 
3) YvD?>T?D]W<XMก=S-SeDL fFULกD=J[UV>_>IaกD=WกBST=DgiB?ก=>VกV>ÀaLT?gTZ]<sVV@\J@mL 3 
a\eDL ^b̀uS̀]DกJ[UYZS กIeD?Tca ÀaLWกtgก=>Vก^MJ[U][aZjbvo]BHI><=B]DjT?D]_cmMY@]w@M}pJ[UAUKD 
ก=>VกJ[UiIBAhFmMÀaL^b̀][<=B]Dj Na2O gMiB?ก=>VกM̀a\J[UYZSWJeDJ[UV>JKDuS̀ HI>กD=^_`ก=>SDG
T@UMก=>VกÀaLYD]D=nTLYvD?>J[UW<XMก=S WwcUa\@g\@mL<lBกB=B\D=>b?eDLT?D]_cmMHI> Na2O J[U
กea^b̀WกBST=DgiB?ก=>VกuS̀ 
 
2.  ก��2�81.;	G=1.,F9D�*9ก�� 
 
 2.1  กD=JSYagT?D]YD]D=n^MกD=bMe?LกD=WกBST=DgHI>=DgMiB?ก=>VกhaLHieM_BmM
A@?a\eDL�   
  

VDกกD=JSIaLwg?eD HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SaeaM TEP02 ^b̀][=>S@gT?D]
W<XMก=S-SeDLWJeDก@g 4.0 YD]D=nbMe?LกD=WกBST=DgiB?ก=>VกHI>\@g\@mLกD=WกBS=DgMiB?ก=>VกuS̀
S[J[UYZS qS\u]e][กD=WกBST=DgHI>=DgMiB?ก=>VกW<XM=>\>W?ID 120 ?@M W]cUa^_`T@UMก=>VกV=BL^M
qกS@LWกtgก=>VกJ[UaZjbvo]BW�I[U\ 32 aLEDWfIWf[\Y HI><=B]DjT?D]_cmMY@]w@M}pW�I[U\J[U=̀a\I> 92 
M@gW<XMT?D]YKDW=tV^Mb̀aL<lBg@ABกD=J[UV>YD]D=nMKDu<<=>\ZกAp^_`^MW_BLaZAYDbก==]iIBA
ก=>SDGT@UMก=>Vก qS\u]eÀaL][กD=^_`YD=WT][\@g\@mLW_cma=D fFULW<XMกD=ISÀMJZMw=̀a]ก@gกD=iIBA
ก=>SDGT@UMก=>VกJ[U][TZjvDwS[hFmM 
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2.2  กD=JSYagbDY]g@ABJDLกD\vDwHI>กIY]g@ABhaLHieM_BmMA@?a\eDL� 
 

HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SaeaM TEP01 TEP02 HI>ก=SHกe TEP03 J[U=>S@g
T?D]W<XMก=S-SeDLWJeDก@g 4.0 5.0 HI> 6.0 V>][iIAeaY]g@ABJDLกD\vDwHI>กIY]g@AB qS\JSYag
J[UM@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 S@LM[m 

 
2.2.1  T?D]bMDHMeMhaLHieM_BmMA@?a\eDL� u]e][กD=W<I[U\MH<ILa@MWMcUaLVDก_MBS

ก=SHI>=>S@gT?D]W<XMก=S-SeDLJ[U^_`<lBg@AB 
 
2.2.2  S@_M[H=LSFLhaLHieM_BmMA@?a\eDL� ][กD=W<I[U\MH<ILa@MWMcUaL]DVDก_MBSก=S

HI>=>S@gT?D]W<XMก=S-SeDLJ[U^_`<lBg@AB กIeD?Tca HieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=S ][HM?qM̀]J[U
V>][TeDS@_M[H=LSFLAUKDIL HI>V>AUKDIL]DกhFmMW]cUa=>S@gT?D]W<XMก=S-SeDLISIL WMcUaLVDก<lBกB=B\D
u�qS=uIYphaLก=SJ[U][AeaWY`M^\^MqT=LY=̀DLhaLHieM_BmMA@?a\eDL� 

 
2.2.3  กD=\a]^b̀aDกDEubIieDMhaLHieM_BmMA@?a\eDL� V>][กD=W<I[U\MH<ILa@M

WMcUaL]DVDก_MBSก=SJ[U^_`qS\u]euS̀=@giIVDก=>S@gT?D]W<XMก=S-SeDL กIeD?Tcaก=SHกe TEP03 V>
JKD^b̀กD=\a]^b̀aDกDEubIieDMISIL]DกJ[UYZS WMcUaLVDกกD=J[UiM@LWfIIpWY`M^\aeaMHaILVDกกD=
u�qS=uIYphaLก=SHกeJ[U=ZMH=L JKD^b̀WกBSกD=V@SWh`D=o<haLWY`M^\ ^MqT=LY=̀DLhaLHieM_BmM
A@?a\eDL� S[hFmMHI>HMeMhFmM H]`?eDaMZvDTiM@LWfIIpWY`M^\hMDSWItกHI>YD=<=>กagacUM� V>WกBS
กD=I>ID\A@?W<XM_eaLJDLWSBMaDกDE]DกhFmMกtAD] 

 
2.2.4  T?D]hD?Y?eDLhaLHieM_BmMA@?a\eDL� V>][กD=W<I[U\MH<ILa@MWMcUaL]DVDก=>S@g

T?D]W<XMก=S-SeDL qS\u]euS̀=@giIVDก_MBShaLก=S กIeD?Tca W]cUa=>S@gT?D]W<XMก=S-SeDLISIL
b=caT?D]W<XMก=S]DกhFmM V>JKD^b̀WกBSกD=u�qS=uIYpaMZvDTiM@LWfIIpWY`M^\hMDSWItก]DกhFmM JKD
^b̀][_eaLJDLWSBMaDกDE]DกhFmM S@LM@mMqaกDYJ[UHYLV>WSBMJDLb@กWbu<]D=>b?eDLYe?MJ[UW<XMaDกDE
HI>iM@LWfIIpWY`M^\VFL][]DกhFmM <=>กagก@gHYL]@กWSBMJDLu<AD]_eaL?eDLJ[UW<XMaDกDE]Dกก?eD 
VFLJKD^b̀T?D]hD?Y?eDL]DกhFmM^Mhj>J[UT?D]JFgHYLISIL 

 
 
 
 



 

 

50 

2.3 กD=EFกGDHI>?BWT=D>bp=D 
 

VDกกD=JSIaLwg?eD=D_MBS Aspergillus flavus HI> Aspergillus niger WV=BkWABgqAuS̀
S[^MYvD?>กD=JSIaLJ[U=>S@gT?D]W<XMก=S-SeDL 4.0-7.0 HI><=B]DjT?D]_cmMY@]w@M}pW�I[U\J[U=̀a\
I> 92 bDก][T?D]ÀaLกD=^_`YD=WT][\@g\@mLW_cma=D^MW_BLaZAYDbก==]กD=iIBAก=>SDGT@UMก=>Vก 
T?=WIcaกYD=WT][\@g\@mLW_cma=DJ[UYD]D=n\@g\@mLกD=WV=BkWABgqAhaL=DJ@mL 2 _MBSM[muS̀W<XMYKDT@k 
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01ก-��:8�-9�.1=�.19. 

 
ก=]J=@w\pYBMJDL<skkD.  2545.  �����<D�SS�*9
)�58�D2�.ก��
=� �.>. 2545.  22 ก=ก�DT] 
 2545. 
 
WกE=BMJ=p =D]j[.  2552.  ก��@�D@�I.ก��0��9S:8�ก��-�=�.-���9�:1T8�21กU9	J1.0<EI1�� 

Aspergillus flavus :8� Aspergillus parasiticus V�@-��-ก����ก�E<*��กW8-=5.  
?BJ\DMBwM}p<=BkkDqJ,  ]bD?BJ\DI@\YLhIDMT=BMJ=p. 

 
_IMB_D JaLhIBg.  2548.  ก��
��08E1ก0<EI1�� Aspergillus 23�789*01	?U5/1�G��-�*)/:8�,X���@23�53

78*H1ก��789*01	?U5/�=)@ก��0���083I@.:DD solid state 23�;<=T�.J=�)0,Z	)�*+��9DG8�ก.  
?BJ\DMBwM}p<=BkkDqJ,  ]bD?BJ\DI@\WกGA=EDYA=p. 

 
g=BG@J WaWf[\ WTMS[m VKDก@S.  2548.  Nagara Paper.  iIBAv@j�pHI>g=BกD=.  HbIeLJ[U]D: 

http://www.asiakendy.com/products-12_nagara_paper_th.php, 12 กZ]vDw@M}p 2552. 
 
{|D\w@xMD}Z=กBV g=BG@J WJww@xMDก=>SDG VKDก@S.  2552.  ��@.�	-+9*9ก���(�G	H�@-9	
=�,���(�,\ 

�>. 2545-2551.   
 
{|D\w@xMD=>gg g=BG@J WJww@xMDก=>SDG VKDก@S.  2545.  ��@.�	ก��2�-1Dก�����
��	ก���ก. 
 
{|D\<lBg@ABกD= g=BG@J WJww@xMDก=>SDG VKDก@S.  2552.  Production Information Report. 
 
{|D\<lBg@ABกD= g=BG@J WJww@xMDก=>SDG VKDก@S.  2556.  5�*�`�	-H)	7-5-��0
538.;		I(�0@E�1. 
 
{|D\<lBg@ABกD= g=BG@J WJww@xMDก=>SDG VKDก@S.  2557.  :7	
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��. 
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53J1.)�-��:ก=).  ?@YSZHก`? : GSAT.  

HbIeLJ[U]D: http://www2.mtec.or.th/th/research/GSAT/Glassweb/gsat.asp, 12 กZ]vDw@M}p 
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aZ<ก=jpกD=JSIaL 
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��7	)ก23� ก1  WT=cUaLJSYagH=LSFL (Universal Tensile Testing Machine, EJA-series, Thwing-  
                           Albert Co., Ltd., USA) 
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��7	)ก23� ก2  WT=cUaLJSYagT?D]w=ZM (Densometer, 4110N, Gurley Precision Instruments,  
                            Inc., USA) 
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��7	)ก23� ก3  WT=cUaLJSYagกD=Y>J`aMHYL (Autometic Reflectometer, Model-3, Kumagai  
                           Riki Kogyo Co., Ltd., Japan) 
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กD=?BWT=D>bpiIJDLYnBAB 
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*���.7	)ก23� J1  TeDT?D]bMDHMeMhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SHI>=>S@gT?D]W<XM 
                              ก=S-SeDLAeDL� ก@M 
 

_MBSก=S<lBg@AB =>S@gT?D]W<XM 
ก=S-SeDLT?gTZ] TEP01 TEP02 TEP03 (Control) •ix  

4.0 0.496 0.493 0.501 0.497 
5.0 0.495 0.491 0.494 0.493 
6.0 0.492 0.489 0.493 0.492 

j
x•  0.495 0.491 0.496  

  

*���.7	)ก23� J2  กD=?BWT=D>bpT?D]H<=<=?MhaLHiMกD=JSIaLHgg RCBD YKDb=@gTeDT?D] 
                              bMDHMeM 
 

Source of Variation df Sum of Square Mean Square f 
Acid 2 0.0000377 0.0000189 4.91ns 

pH Levels 2 0.0000428 0.0000214 5.57ns 

Error 4 0.0000153 0.0000038  
Total 8 0.0000958   

 

G5�@0G*�  ns u]e][T?D]HAกAeDLก@Ma\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 
                   

Q(0.05,3,4) = 5.04 ;   w   =   5.04×√(0.0000038÷3)   =   0.006 
                                                              

                                    
2•x        

1•x        
3•x             •3

x        •2
x        •1x  

0.491 0.495 0.496  0.492 0.493 0.497 
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*���.7	)ก23� J3  TeDS@_M[H=LSFLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SHI>=>S@gT?D]W<XMก=S- 
                              SeDLAeDL� ก@M 
 

_MBSก=S<lBg@AB =>S@gT?D]W<XM 
ก=S-SeDLT?gTZ] TEP01 TEP02 TEP03 (Control) •ix  

4.0 44.02 43.80 42.01 43.28 
5.0 45.53 45.42 43.74 44.90 
6.0 46.98 46.35 44.33 45.89 

j
x•  45.51 45.19 43.36  

 
*���.7	)ก23� J4  กD=?BWT=D>bpT?D]H<=<=?MhaLHiMกD=JSIaLHgg RCBD YKDb=@gTeDS@_M[ 
                              H=LSFL 
 

Source of Variation df Sum of Square Mean Square f 
Acid 2 8.10 4.05 81.10* 

pH Levels 2 10.38 5.19 104.00* 

Error 4 0.20 0.05  
Total 8 18.67   

 

G5�@0G*�  * ][T?D]HAกAeDLก@Ma\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 
                   

Q(0.05,3,4) = 5.04 ;   w   =   5.04×√(0.05÷3)   =   0.65 
 

                                    
3•x        

2•x        
1•x             •1x        •2

x        •3
x  

43.36 45.19 45.51  43.28 44.90 45.89 
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*���.7	)ก23� J5  TeDกD=\a]^b̀aDกDEubIieDMhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SHI>=>S@g 
                              T?D]W<XMก=S-SeDLAeDL� ก@M 
 

_MBSก=S<lBg@AB =>S@gT?D]W<XM 
ก=S-SeDLT?gTZ] TEP01 TEP02 TEP03 (Control) •ix  

4.0 22.51 22.40 20.16 21.69 
5.0 21.88 21.71 19.93 21.17 
6.0 21.04 20.29 19.78 20.37 

j
x•  21.81 21.46 19.96  

 
*���.7	)ก23� J6  กD=?BWT=D>bpT?D]H<=<=?MhaLHiMกD=JSIaLHgg RCBD YKDb=@gTeDกD= 
                              \a]^b̀aDกDEubIieDM 
 

Source of Variation df Sum of Square Mean Square f 
Acid 2 5.84 2.92 14.16* 

pH Levels 2 2.66 1.33 6.44ns 

Error 4 0.82 0.21  
Total 8 9.32   

 

G5�@0G*�  ns u]e][T?D]HAกAeDLก@Ma\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 
                  * ][T?D]HAกAeDLก@Ma\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 

 

Q(0.05,3,4) = 5.04 ;   w   =   5.04×√(0.21÷3)   =   1.33 
 

                                    
3•x        

2•x        
1•x             •3

x        •2
x        •1x  

19.96 21.46 21.81  20.37 21.17 21.69 
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*���.7	)ก23� J7  TeDT?D]hD?Y?eDLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SHI>=>S@gT?D]W<XM 
                              ก=S-SeDLAeDL� ก@M 
 

_MBSก=S<lBg@AB =>S@gT?D]W<XM 
ก=S-SeDLT?gTZ] TEP01 TEP02 TEP03 (Control) •ix  

4.0 63.97 63.02 63.85 63.61 
5.0 63.44 62.36 62.72 62.84 
6.0 62.34 62.27 62.46 62.36 

j
x•  63.25 62.55 63.01  

 
*���.7	)ก23� J8  กD=?BWT=D>bpT?D]H<=<=?MhaLHiMกD=JSIaLHgg RCBD YKDb=@gTeDT?D] 
                              hD?Y?eDL 
 

Source of Variation df Sum of Square Mean Square f 
Acid 2 0.75 0.38 3.74ns 

pH Levels 2 2.41 1.20 12.03* 

Error 4 0.40 0.10  
Total 8 3.56   

 

G5�@0G*�  ns u]e][T?D]HAกAeDLก@Ma\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 
                  * ][T?D]HAกAeDLก@Ma\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 

 

Q(0.05,3,4) = 5.04 ;   w   =   5.04×√(0.10÷3)   =   0.92 
 

                                    
2•x        

3•x        
1•x             •3

x        •2
x        •1x  

62.55 63.01 63.25  62.36 62.84 63.61 
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*���.7	)ก23� J9  TeDT?D]JFgHYLhaLHieM_BmMA@?a\eDL� J[U<lBg@ABS̀?\ก=SHI>=>S@gT?D]W<XM 
                              ก=S-SeDLAeDL� ก@M 
 

_MBSก=S<lBg@AB =>S@gT?D]W<XM 
ก=S-SeDLT?gTZ] TEP01 TEP02 TEP03 (Control) •ix  

4.0 70.64 70.98 70.59 70.74 
5.0 71.76 71.54 72.96 72.09 
6.0 72.59 72.11 73.69 72.80 

j
x•  71.66 71.56 72.41  

 
*���.7	)ก23� J10  กD=?BWT=D>bpT?D]H<=<=?MhaLHiMกD=JSIaLHgg RCBD YKDb=@gTeDT?D] 
                                JFgHYL 
 

Source of Variation df Sum of Square Mean Square f 
Acid 2 1.33 0.67 2.16ns 

pH Levels 2 6.60 3.30 10.71* 

Error 4 1.23 0.31  
Total 8 9.16   

 

G5�@0G*�  ns u]e][T?D]HAกAeDLก@Ma\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 
                  * ][T?D]HAกAeDLก@Ma\eDL][M@\YKDT@kJDLYnBABJ[U=>S@gT?D]W_cUa]@UM=̀a\I> 95 
 

Q(0.05,3,4) = 5.04 ;   w   =   5.04×√(0.31÷3)   =   1.62 
 

                                    
2•x        

1•x        
3•x             •1x        •2

x        •3
x  

71.56 71.66 72.41  70.74 72.09 72.80 
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กD=EFกGDHI>?BWT=D>bp=D 
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*���.7	)ก23� 
1  wcmMJ[UhaL=a\W<��aMY[J[UA=?Vwg=D_MBSAeDL� gMHieM_BmMA@?a\eDL� 
 

_MBS=DJ[UA=?Vwg _MBSก=S
<lBg@AB 

=>S@gT?D]W<XM 
ก=S-SeDLT?gTZ] 

I@กGj>haL
=a\W<��aMY[ 

wcmMJ[UhaL=a\W<��aMY[  
(AD=DLWfMABW]A=) Aca Afl Afu Ani Pe1 Pe2 Pe3 Mon Muc Tri 

SKD 3  ×  ×       
WbIcaL 50  ×  ×       Blank 7.00 

hD? 173 × ×  ×     ×  
SKD 36  ×         

WbIcaL 61  ×         4.00 
hD? 129           
SKD 10  ×  × ×      

WbIcaL 60  ×   ×     × 5.00 
hD? 156    ×    ×   
SKD 196  ×  ×       

TEP01 

6.00 
hD? 30  ×  ×       

WbIcaL 89 × ×         
4.00 

hD? 137 ×     × ×    
SKD 9    ×       

TEP02 
5.00 

hD? 217  ×         
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*���.7	)ก23� 
1 (Aea) 
 

_MBS=DJ[UA=?Vwg _MBSก=S
<lBg@AB 

=>S@gT?D]W<XM 
ก=S-SeDLT?gTZ] 

I@กGj>haL
=a\W<��aMY[ 

wcmMJ[UhaL=a\W<��aMY[ 
(AD=DLWfMABW]A=) Aca Afl Afu Ani Pe1 Pe2 Pe3 Mon Muc Tri 

SKD 11  ×         
WbIcaL 60 × ×         TEP02 6.00 

hD? 155  ×  ×       
MmKDADI 14  ×  ×       
WbIcaL 37  ×  ×       4.00 

hD? 175    ×      × 
SKD 11  ×  ×       

WbIcaL 10  ×         
T=[] 74  ×  ×       

5.00 

hD? 131  × ×        
SKD 11  ×         

WbIcaL 42  ×         

TEP03 
(Control) 

6.00 
hD? 173  ×         

 
G5�@0G*�  Aca = Aspergillus carneus; Afl = Aspergillus flavus; Afu = Aspergillus fumigatus; Ani = Aspergillus niger; Pe1 = Penicillium sp.1;  
                  Pe2 = Penicillium sp.2; Pe3 = Penicillium sp.3; Mon = Monilia sp.; Muc = Mucor sp.; Tri = Trichoderma sp. 

  67 
 



 

 

68 

,��)�*9ก��>Nก��:8�ก��2(�.�	 
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