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The objective of the study is to use baghouse filter waste as a binder mixed with cement and lignite

fly ash to solidify sludge from chromium electroplating wastewater treatment. To save cost of solidification,

reducing cement in binder and increasing sludge in the cube were focused on. Minimum percent cement in

binder of 20 for solidification of chromium sludge was found when controlling lignite fly ash to baghouse

filter waste at the ratio of 30:70, sludge to binder ratio of 0.5, water to mixer ratio of 0.3 and curing time of

7 days. Increase of sludge to binder ratio from 0.5 to 0.75 and 1 resulted in increase in the minimum percent

cement in binder up to 30 percent in both ratios. With the minimum percent cement in binder, the calculated

cement to sludge ratios for samples with sludge to binder ratios of 0.5, 0.75 and 1 were 0.4, 0.4 and 0.3

respectively. Leaching chromium and compressive strength of the samples with these ratios could achieve

the solidified waste standard by the Ministry of Industry. For solidification of chromium sludge at sludge to
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Solidification of chromium electroplating

treatment sludge

Wantawin, C. and Chobthiangtham, P.

µ–°Õπ∑’Ë‡°‘¥®“°°“√∫”∫—¥πÈ”‡ ’¬¢Õß°“√«‘‡§√“–Àå´’‚Õ¥’
·≈–„Àâ§à“§«“¡ “¡“√∂√—∫°”≈—ßÕ—¥ºà“π‡°≥±å¡“µ√∞“π
°”Àπ¥  «√“¿√≥å ·≈–§≥– (2542) ‰¥â„™âΩÿÉπ∑√“¬¥”‡ªìπ
«— ¥ÿª√– “π√à«¡°—∫ªŸπ´’‡¡πµå„π°“√À≈àÕ·¢Áß°“°µ–°Õπ
‡¥’¬«°—πæ∫«à“ §à“§«“¡ “¡“√∂√—∫°”≈—ßÕ—¥®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ
Õ“¬ÿ°“√∫à¡π“π¢÷Èπ ·≈–‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ΩÿÉπ∑√“¬¥”¡“°¢÷Èπ
§à“§«“¡ “¡“√∂√—∫°”≈—ßÕ—¥®–≈¥≈ß ·µà “¡“√∂µ√÷ß°“°
µ–°Õπ‰¥â Ÿß∂÷ß 50.29 ‰¡‚§√°√—¡/°√—¡°âÕπÀ≈àÕ·¢Áß‡¡◊ËÕ
„™â —¥ à«πΩÿÉπ∑√“¬¥”/ªŸπ´’‡¡πµå 80:20  ®“°ß“π«‘®—¬∑’Ë
ºà“π¡“π’È· ¥ß«à“‡∂â“≈Õ¬≈‘°‰πµå·≈–ΩÿÉπ∑√“¬¥” “¡“√∂
π”¡“„™â‡ªìπ«— ¥ÿª√– “π√à«¡°—∫ªŸπ ’́‡¡πµå„π°“√À≈àÕ·¢Áß
°“°µ–°Õπ‚≈À–Àπ—°‚§√‡¡’Ë¬¡∑’Ë‡°‘¥®“°°“√∫”∫—¥πÈ”‡ ’¬
¢Õß°“√«‘‡§√“–Àå´’‚Õ¥’ ‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

binder ratio of 1, the lowest cost binder ratio of cement to lignite fly ash and baghouse filter waste in this

study was 30:21:49. The cost of binder in this ratio was 718 baht per ton dry sludge.

Keywords : solidification, chromium sludge, cement, lignite fly ash, baghouse filter waste
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Õ’°∑—Èß¬—ß»÷°…“°“√‡æ‘Ë¡Õ—µ√“ à«π°“°µ–°Õπ‚§√‡¡’Ë¬¡µàÕ«— ¥ÿª√– “π‡æ◊ËÕ≈¥§à“„™â®à“¬„π°√–∫«π°“√À≈àÕ·¢Áß ®“°

°“√∑¥≈Õß‡¡◊ËÕ∑”°“√À≈àÕ°âÕπµ—«Õ¬à“ß∑’ËÕ—µ√“ à«π°“°µ–°ÕπµàÕ«— ¥ÿª√– “π 0.5, Õ—µ√“ à«ππÈ”µàÕ«— ¥ÿº ¡∑—ÈßÀ¡¥

0.3,  —¥ à«π‡∂â“≈Õ¬≈‘°‰πµåµàÕΩÿÉπ∑√“¬¥”„π«— ¥ÿª√– “π∑¥·∑π 30:70 ·≈–∫à¡‡ªìπ‡«≈“ 7 «—π æ∫«à“  “¡“√∂≈¥

ª√‘¡“≥ªŸπ´’‡¡πµå„π«— ¥ÿª√– “π‰¥â¡“°∂÷ß 80% À√◊Õ§‘¥‡ªìπÕ—µ√“ à«π‡©æ“–´’‡¡πµåµàÕ°“°µ–°Õπ 0.4 ´÷Ëß¬—ß§ß

∑”„Àâ°âÕπÀ≈àÕ·¢Áß¡’§à“√—∫°”≈—ßÕ—¥·≈–§«∫§ÿ¡°“√™–≈–≈“¬‚§√‡¡’¬¡®“°°“°µ–°Õπºà“π‡°≥±å¡“µ√∞“π ·≈–‡¡◊ËÕ

‡æ‘Ë¡Õ—µ√“ à«π°“°µ–°ÕπµàÕ«— ¥ÿª√– “π®“° 0.5 ‡ªìπ 0.75 ·≈– 1 æ∫«à“∑’ËÕ—µ√“ à«π 0.75 ·≈– 1 „™â´’‡¡πµå„π

«— ¥ÿª√– “π‰¥âµË” ÿ¥ 30% ‡À¡◊Õπ°—π ·µà‡¡◊ËÕ§‘¥‡ªìπÕ—µ√“ à«π´’‡¡πµåµàÕ°“°µ–°Õπ®–‰¥â 0.4 ·≈– 0.3 µ“¡≈”¥—∫

π—Ëπ· ¥ß«à“∑’ËÕ—µ√“ à«π°“°µ–°ÕπµàÕ«— ¥ÿª√– “π Ÿß ÿ¥„π°“√∑¥≈Õßπ’È§◊Õ 1 ·≈–„™â«— ¥ÿª√– “π∑’Ëª√–°Õ∫¥â«¬

´’‡¡πµå 30% ‡∂â“≈Õ¬≈‘°‰πµå 21% ·≈–ΩÿÉπ∑√“¬¥” 49% ∑”„Àâ°âÕπÀ≈àÕ·¢Áß¡’ª√‘¡“≥°“°µ–°Õπ Ÿß ÿ¥·≈–„™âªŸπ

´’‡¡πµåπâÕ¬∑’Ë ÿ¥  §‘¥‡ªìπ§à“„™â®à“¬¢Õß«— ¥ÿª√– “π∑’Ë„™â„π°“√À≈àÕ·¢Áß∑—Èß ‘Èπ 718 ∫“∑/µ—π¢Õß°“°µ–°Õπ‚≈À–
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·À≈àß°”‡π‘¥‰¡à®”‡æ“–ª√–‡¿∑À√◊Õ‰¡à®”‡æ“–™π‘¥ (Non-

Specific Sources) ®÷ß®”‡ªìπ®–µâÕß∑”°“√ª√—∫‡ ∂’¬√
°àÕπ¥”‡π‘π°“√°”®—¥µ“¡¢âÕ°”Àπ¥¢Õßª√–°“»°√–∑√«ß
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(2538) ‰¥â»÷°…“°“√π”‡∂â“≈Õ¬≈‘°‰πµå·≈–ΩÿÉπ∑√“¬¥”¡“
„™â‡ªìπ«— ¥ÿª√– “π√à«¡°—∫ªŸπ ’́‡¡πµå„π°“√À≈àÕ·¢Áßæ∫«à“
ªŸπ´’‡¡πµåº ¡‡∂â“≈Õ¬≈‘°‰πµå„π —¥ à«π 1:1 ‡ªìπ«— ¥ÿ
ª√– “π∑’Ë¥’°«à“°“√„™âªŸπ´’‡¡πµå≈â«π „π°“√≈¥°“√™–
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‡ªìπ«— ¥ÿª√– “π√à«¡°—∫ªŸπ´’‡¡πµå·≈–‡∂â“≈Õ¬≈‘°‰πµå‡æ◊ËÕ
„™â„π°“√À≈àÕ·¢Áß ‚¥¬ΩÿÉπ∑√“¬¥”·≈–‡∂â“≈Õ¬≈‘°‰πµåµà“ß
°Á‡ªìπ°“°¢Õß‡ ’¬‡À≈◊Õ„™â ´÷Ëß∂â“‡√“ “¡“√∂π”¡“„™â„Àâ‡°‘¥
ª√–‚¬™πå°Á®–‡ªìπ°“√™à«¬≈¥ª√‘¡“≥¢Õß‡ ’¬∑’Ë‡°‘¥¢÷Èπ‰¥â
Õ’°«‘∏’Àπ÷Ëß ·≈–‡æ◊ËÕ≈¥ª√‘¡“≥ªŸπ´’‡¡πµå∑’Ë„™â„π°“√À≈àÕ
·¢Áß‰¥âÕ’°¥â«¬  ®“°π—Èπ®÷ß∑”°“√»÷°…“À“Õ—µ√“ à«π°“°
µ–°Õπ‚≈À–Àπ—°µàÕ«— ¥ÿª√– “π‡æ◊ËÕ‡æ‘Ë¡ª√‘¡“≥°“°
µ–°Õπ„π°âÕπÀ≈àÕ·¢Áß„Àâ‰¥â¡“°∑’Ë ÿ¥ ·≈–∑”°“√ª√–‡¡‘π
√“§“§à“„™â®à“¬¢Õß«— ¥ÿª√– “π®“°°√–∫«π°“√¥—ß°≈à“«

«— ¥ÿ Õÿª°√≥å·≈–«‘∏’°“√

«— ¥ÿ∑’Ë„™â

„π°“√∑¥≈Õß®–„™â«— ¥ÿª√– “π√à«¡°—π “¡™π‘¥§◊Õ
ΩÿÉπ∑√“¬¥” (baghouse filter waste, BFW)  ‡∂â“≈Õ¬
≈‘°‰πµå (lignite fly ash, LFA) ·≈–ªŸπ´’‡¡πµå (cement,

C) ‚¥¬ ΩÿÉπ∑√“¬¥” ‰¥â¡“®“°√–∫∫°”®—¥ΩÿÉπ·∫∫∂ÿß°√Õß
¢Õß‚√ßß“πÕÿµ “À°√√¡À≈àÕÀ≈Õ¡Õÿª°√≥å√∂¬πµå  ‡∂â“
≈Õ¬≈‘°‰πµå¡“®“°‚√ß‰øøÑ“·¡à‡¡“–·≈–„™âªŸπ´’‡¡πµå
ªÕ√åµ·≈π¥åª√–‡¿∑∑’Ë 1

«‘∏’°“√∑¥≈Õß

°“√∑¥≈Õß‡∫◊ÈÕßµâπ¢Õß à«πº ¡„π«— ¥ÿª√– “π
‡¡◊ËÕ¬—ß‰¡àº ¡°“°µ–°Õπ‚≈À–Àπ—° ÷́Ëßª√–°Õ∫¥â«¬ ́ ’‡¡πµå
·≈–«— ¥ÿª√– “π∑¥·∑π ‡æ◊ËÕ„™â´’‡¡πµåπâÕ¬∑’Ë ÿ¥·≈–„™â
ΩÿÉπ∑√“¬¥”¡“°∑’Ë ÿ¥ æ∫«à“‡ªÕ√å‡´Áπµå´’‡¡πµåµË” ÿ¥„π«— ¥ÿ
ª√– “π∑’Ë¬—ß “¡“√∂√—∫°”≈—ßÕ—¥‰¥â¡’§à“‡∑à“°—∫ 5  ·≈–
 —¥ à«π‡∂â“≈Õ¬≈‘°‰πµåµàÕΩÿÉπ∑√“¬¥”„π«— ¥ÿª√– “π
∑¥·∑πµË” ÿ¥∑’Ë°âÕπÀ≈àÕ¬—ß¢÷Èπ√Ÿª‰¥â‡∑à“°—∫ 30:70 (‰¡à‰¥â
· ¥ßº≈„π∑’Ëπ’È)   ®“°π—Èπ®÷ß∑”°“√»÷°…“À“ª√‘¡“≥ªŸπ
´’‡¡πµåµË” ÿ¥„π«— ¥ÿª√– “π„π°“√À≈àÕ·¢Áß°“°µ–°Õπ
‚≈À–Àπ—°®“°‚√ß™ÿ∫‚§√‡¡’¬¡‚¥¬∑”°“√À≈àÕ°âÕπµ—«Õ¬à“ß

∑’Ë§ß∑’ËÕ—µ√“ à«ππÈ”µàÕ«— ¥ÿº ¡∑—ÈßÀ¡¥‡ªìπ 0.3 §ß∑’Ë
 —¥ à«π‡∂â“≈Õ¬≈‘°‰πµåµàÕΩÿÉπ∑√“¬¥”„π«— ¥ÿª√– “π
∑¥·∑π‡ªìπ 30:70 ÷́Ëß‡ªìπ —¥ à«π∑’Ë‰¥â®“°°“√∑¥ Õ∫
‡∫◊ÈÕßµâπ¥—ß°≈à“« ·≈–§ß∑’Ë√–¬–‡«≈“∫à¡‡ªìπ 7 «—πµ≈Õ¥°“√
∑¥≈Õß ·µà®–‡æ‘Ë¡´’‡¡πµå„π«— ¥ÿª√– “π§√—Èß≈– 5% ‚¥¬
‡√‘Ë¡µâπ´’‡¡πµå„π«— ¥ÿª√– “π 5% ·≈–„™âÕ—µ√“ à«π°“°
µ–°ÕπµàÕ«— ¥ÿª√– “π‡√‘Ë¡µâπ∑’Ë 0.5 ÷́Ëß‡ªìπÕ—µ√“ à«π
 Ÿß ÿ¥∑’Ë‰¥â®“°°“√∑¥≈Õß¢Õßπƒ¡‘µ (2538) ·≈â«®÷ß‡æ‘Ë¡
®“° 0.5 ‡ªìπ 0.75 ·≈– 1 µ“¡≈”¥—∫ ‡æ◊ËÕÀ“‡ªÕ√å‡´Áπµå
´’‡¡πµåµË” ÿ¥„π·µà≈–Õ—µ√“ à«π∑’Ë “¡“√∂√—∫°”≈—ßÕ—¥·≈–
„Àâ§à“°“√™–≈–≈“¬‚§√‡¡’¬¡ºà“π‡°≥±å¡“µ√∞“πµ“¡
ª√–°“»°√–∑√«ßÕÿµ “À°√√¡ ©∫—∫∑’Ë 6 (æ.».2540) §◊Õ
 “¡“√∂√—∫°”≈—ßÕ—¥‰¥â Ÿß°«à“ 3.5 °°./´¡.2 ·≈–§à“°“√™–
≈–≈“¬‚§√‡¡’¬¡‰¡à‡°‘π 5 ¡°./≈ „π°“√À≈àÕ°âÕπµ—«Õ¬à“ß
·∫∫¡Õ√åµ“√å (¢π“¥ 5×5×5 ≈∫.´¡.) ‚¥¬∑ÿ°Õ—µ√“ à«π
¥—ß· ¥ß√“¬≈–‡Õ’¬¥„π Table 1 ®–∑”°“√À≈àÕ´È” 3 °âÕπ
‡æ◊ËÕπ”¡“À“§à“‡©≈’Ë¬  à«π°“√«‘‡§√“–Àå‚§√‡¡’Ë¬¡„™â‡§√◊ËÕß
Inductively Coupled Plasma (ICP)

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

®“°°“√µ√«®«‘‡§√“–Àå«— ¥ÿª√– “π∑—Èß “¡  ‰¥â·°à
ªŸπ´’‡¡πµå ‡∂â“≈Õ¬≈‘°‰πµå ·≈–ΩÿÉπ∑√“¬¥” ¡’Õß§åª√–°Õ∫
∑“ß‡§¡’¥—ß· ¥ß„π Table 2 æ∫«à“ΩÿÉπ∑√“¬¥”∑’Ë„™â„π°“√
∑¥≈Õßπ’È¡’§ÿ≥ ¡∫—µ‘∑“ß‡§¡’§≈â“¬°—∫‡∂â“≈Õ¬ Class F µ“¡
¡“µ√∞“π ASTM C618-91

®“°º≈°“√∑¥≈Õß‡¡◊ËÕ„ à°“°µ–°Õπ‚≈À–Àπ—°„π
 à«πº ¡∑’ËÕ—µ√“ à«πµà“ß°—π ‚¥¬¡ÿàß‡πâπ∑’Ë®–≈¥ª√‘¡“≥
´’‡¡πµå„π«— ¥ÿª√– “π·≈–‡æ‘Ë¡ª√‘¡“≥°“°µ–°Õπ„π°âÕπ
À≈àÕ·¢Áß ‡æ◊ËÕ≈¥§à“„™â®à“¬„π°√–∫«π°“√À≈àÕ·¢Áß‡π◊ËÕß®“°
√“§“ªŸπ´’‡¡πµå ∑”„Àâ‰¥âº≈°“√∑¥≈Õß¥—ß· ¥ß„π Table

3

®“° Table 3 æ∫«à“∑’ËÕ—µ√“ à«π°“°µ–°ÕπµàÕ«— ¥ÿ
ª√– “π‡ªìπ 0.5 ·≈– 0.75 °âÕπµ—«Õ¬à“ßÀ≈àÕ·¢Áß∑’Ë¡’
‡ªÕ√å‡´Áπµå´’‡¡πµå„π«— ¥ÿª√– “π‡ªìπ 5, 10, 15, 20 ·≈–
25 ‰¡à “¡“√∂π”¡“∑¥ Õ∫°”≈—ß√—∫·√ßÕ—¥ ·≈–°“√™–
≈–≈“¬‰¥â ‡π◊ËÕß®“°°âÕπÀ≈àÕ·¢Áß‡°‘¥°“√ ≈“¬ÕÕ°®“°°—π
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‡¡◊ËÕπ”‰ª∫à¡„ππÈ”   ∑’Ë‡ªìπ‡™àππ’Èπà“®–‡°‘¥®“°ª√‘¡“≥
·§≈‡´’¬¡ÕÕ°‰´¥å∑’ËπâÕ¬‡°‘π‰ª ®π°√–∑—Ëß‡æ‘Ë¡ªŸπ´’‡¡πµå
„π«— ¥ÿª√– “π‡ªìπ 20% ·≈– 30% ®÷ß∑”„Àâ°âÕπµ—«Õ¬à“ß

À≈àÕ·¢Áß “¡“√∂π”‰ª∫à¡·≈–π”¡“∑¥ Õ∫§à“§«“¡ “¡“√∂
√—∫°”≈—ßÕ—¥‰¥â‡ªìπ 32 ·≈– 85 °°./´¡.2 µ“¡≈”¥—∫  ´÷Ëß
∂◊Õ«à“ Ÿß°«à“‡°≥±å¡“µ√∞“π°”Àπ¥ ·≈–‡¡◊ËÕπ”‰ªÀ“§à“

Table 2.  Chemical compounds in baghouse filter waste, lignite fly ash and

cement.

Oxide Compound (%)

SiO
2

Al
2
O

3
Fe

2
O

3
SO

3
Na

2
O CaO MgO K

2
O

   BFW 76.07 4.00 14.12 0.10 0.68 1.20 0.54 0.46
   LFA 44.53 16.60 7.07 1.44 0.63 20.10 1.74 2.12
   C 22.00 5.10 3.20 1.60 na** 65.00 1.40 na**

** na = not available

Sample

Table 1.  Preparation for mixer and ratio selection.

                Mixer (g) Water W/M Ratio

  Sample S/B LFA:BFW (g) (g)

S C LFA BFW

Number 1 333.33 33.33 190 443.34 30 : 70 300 0.3
(5% C)

Number 2 333.33 66.67 180 420 30 : 70 300 0.3
(10% C)

Number 3 333.33 100 170 396.67 30 : 70 300 0.3
(15% C)

Number 4 333.33 133.33 160 373.34 30 : 70 300 0.3
(20% C)

Number 5 428.57 114.29 137.14 320 30 : 70 300 0.3
(20% C)

Number 6 428.57 142.86 128.57 300 30 : 70 300 0.3
(25% C)

Number 7 428.57 171.43 120 280 30 : 70 300 0.3
(30% C)

Number 8 500 150 105 245 30 : 70 300 0.3
(30% C)

Number 9 500 175 97.5 227.5 30 : 70 300 0.3
(35% C)

Number 10 500 200 90 210 30 : 70 300 0.3
(40% C)

* S = Sludge, B = Binder, C = Cement, LFA = Lignite Fly Ash, BFW = Baghouse Filter Waste, W = Water,

   M = Mixer

0.5

1

0.75
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®“°‚√ß™ÿ∫‚§√‡¡’¬¡

‡©≈‘¡√“™ «—π∑«‘π ·≈– æ‘≥™ÿ°√≥å ™Õ∫‡∑’Ë¬ß∏√√¡

°“√™–≈–≈“¬‚§√‡¡’¬¡ æ∫«à“¡’‚§√‡¡’¬¡≈–≈“¬ÕÕ°¡“‡æ’¬ß
0.078 ·≈– 0.082 ¡°./≈. µ“¡≈”¥—∫ ´÷ËßµË”°«à“‡°≥±å
¡“µ√∞“π∑’Ë°”Àπ¥‰«â¡“°

¥—ßπ—Èπ°âÕπÀ≈àÕ·¢Áß∑’Ë¡’Õ—µ√“ à«π°“°µ–°ÕπµàÕ
«— ¥ÿª√– “π‡ªìπ 0.5  “¡“√∂·∑π∑’ËªŸπ´’‡¡πµå„π«— ¥ÿ
ª√– “π¥â«¬‡∂â“≈Õ¬≈‘°‰πµå·≈–ΩÿÉπ∑√“¬¥”  „π —¥ à«π
‡∂â“≈Õ¬≈‘°‰πµåµàÕΩÿÉπ∑√“¬¥” 30:70 ‰¥â¡“°∑’Ë ÿ¥∂÷ß 80%

´÷Ëß‡¡◊ËÕæ‘®“√≥“‡ªìπÕ—µ√“ à«π¢Õß´’‡¡πµåµàÕ°“°µ–°Õπ
®–‡∑à“°—∫ 0.4 ·≈–‡¡◊ËÕ‡∑’¬∫°—∫ß“π«‘®—¬¢Õßπƒ¡‘µ (2538)

∑’Ë∑”°“√·∑π∑’ËªŸπ´’‡¡πµå¥â«¬‡∂â“≈Õ¬≈‘°‰πµå‡æ’¬ßÕ¬à“ß
‡¥’¬«„π°“√À≈àÕ·¢Áß°“°µ–°Õπ‚≈À–Àπ—°®“°πÈ”‡ ’¬ ’́‚Õ¥’
æ∫«à“∑’ËÕ—µ√“ à«π°“°µ–°ÕπµàÕ«— ¥ÿª√– “π‡ªìπ 0.5

‡∂â“≈Õ¬≈‘°‰πµå “¡“√∂·∑π∑’ËªŸπ´’‡¡πµå‰¥â¡“°∑’Ë ÿ¥‡æ’¬ß
50% À√◊Õ§‘¥‡ªìπÕ—µ√“ à«π´’‡¡πµåµàÕ°“°µ–°Õπ Ÿß∂÷ß 1

 à«π°âÕπÀ≈àÕ·¢Áß∑’Ë¡’Õ—µ√“ à«π°“°µ–°ÕπµàÕ«— ¥ÿª√– “π
‡ªìπ 0.75  “¡“√∂·∑π∑’ËªŸπ´’‡¡πµå„π«— ¥ÿª√– “π¥â«¬
‡∂â“≈Õ¬≈‘°‰πµå·≈–ΩÿÉπ∑√“¬¥” „π —¥ à«π‡∂â“≈Õ¬≈‘°‰πµå:
ΩÿÉπ∑√“¬¥” 30:70 ‰¥â¡“°∑’Ë ÿ¥ 70% ´÷Ëß‡¡◊ËÕæ‘®“√≥“‡ªìπ
Õ—µ√“ à«π¢Õß´’‡¡πµåµàÕ°“°µ–°Õπ®–‡∑à“°—∫ 0.4

‡¡◊ËÕ‡æ‘Ë¡Õ—µ√“ à«π°“°µ–°ÕπµàÕ«— ¥ÿª√– “π‡ªìπ 1

¥—ß· ¥ß„π Table 3 æ∫«à“°âÕπµ—«Õ¬à“ßÀ≈àÕ·¢Áß “¡“√∂
√—∫°”≈—ßÕ—¥‰¥â‡ªìπ 39, 68 ·≈– 87 °°/´¡.2 ‡¡◊ËÕ‡æ‘Ë¡ªŸπ
´’‡¡πµå„π«— ¥ÿª√– “π‡ªìπ 30%, 35% ·≈– 40% µ“¡
≈”¥—∫ ´÷Ëß§à“§«“¡ “¡“√∂√—∫°”≈—ßÕ—¥∑’Ë«—¥‰¥âπ’Èºà“π‡°≥±å
¡“µ√∞“π∑’Ë°”Àπ¥‰«â ·≈–§à“°“√™–≈“¬‚§√‡¡’¬¡∑’Ë«—¥‰¥â

‡ªìπ 0.063, 0.138 ·≈– 0.161 ¡°./≈. µ“¡≈”¥—∫ Õ¬Ÿà„π
‡°≥±å¡“µ√∞“π∑’Ë°”Àπ¥‰«â¥â«¬‡™àπ°—π ¥—ßπ—Èπ°âÕπÀ≈àÕ·¢Áß
∑’Ë¡’Õ—µ√“ à«π°“°µ–°ÕπµàÕ«— ¥ÿª√– “π‡ªìπ 1  “¡“√∂
·∑π∑’ËªŸπ ’́‡¡πµå„π«— ¥ÿª√– “π¥â«¬‡∂â“≈Õ¬≈‘°‰πµå·≈–
ΩÿÉπ∑√“¬¥”„π —¥ à«π‡∂â“≈Õ¬≈‘°‰πµå:ΩÿÉπ∑√“¬¥” 30:70

‰¥â¡“°∑’Ë ÿ¥ 70% ́ ÷Ëß‡¡◊ËÕæ‘®“√≥“‡ªìπÕ—µ√“ à«π¢Õß ’́‡¡πµå
µàÕ°“°µ–°Õπ®–‡∑à“°—∫ 0.3

‡¡◊ËÕæ‘®“√≥“‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫º≈¢Õßª√‘¡“≥ªŸπ
’́‡¡πµåµàÕ§«“¡ “¡“√∂√—∫°”≈—ßÕ—¥·≈–§à“°“√™–≈“¬

‚§√‡¡’¬¡¢Õß°âÕπµ—«Õ¬à“ßÀ≈àÕ·¢Áß∑’Ë¡’Õ—µ√“ à«π°“°µ–°Õπ
µàÕ«— ¥ÿª√– “π‡∑à“°—π§◊Õ‡∑à“°—∫ 1 æ∫«à“ °âÕπµ—«Õ¬à“ß
À≈àÕ·¢Áß¡’§à“§«“¡ “¡“√∂√—∫°”≈—ßÕ—¥µË”≈ß‡¡◊ËÕª√‘¡“≥
ªŸπ´’‡¡πµå„π«— ¥ÿª√– “π≈¥≈ß ∑—Èßπ’È‡ªìπ‡æ√“–«à“«— ¥ÿ
ª√– “π∑¥·∑π‚¥¬‡©æ“–ΩÿÉπ∑√“¬¥”¡’ª√‘¡“≥·§≈‡´’¬¡
ÕÕ°‰´¥å„πª√‘¡“≥∑’ËµË”¡“°‡¡◊ËÕ‡∑’¬∫°—∫ªŸπ´’‡¡πµå· ¥ß
„π Table 2 ´÷Ëß “√ª√–°Õ∫·§≈‡´’¬¡ÕÕ°‰´¥å¡’∫∑∫“∑„π
°“√À≈àÕ·¢Áß ‡æ√“–À≈—ßªØ‘°‘√‘¬“‰Œ‡¥√™—Ëπ®–‡°‘¥·§≈‡ ’́¬¡
´‘≈‘‡°µ‰Œ‡¥√µ·≈–·§≈‡´’¬¡Õ–≈Ÿ¡‘‡πµ‰Œ‡¥√µ´÷Ëß¡’§ÿ≥ ¡∫—µ‘
„π°“√‡™◊ËÕ¡‡°“–‡æ‘Ë¡¢÷Èπ ·≈–∑”„Àâ°âÕπµ—«Õ¬à“ßÀ≈àÕ·¢Áß¡’
°”≈—ß√—∫·√ßÕ—¥¥’¢÷Èπ „π∑“ßµ√ß¢â“¡æ∫«à“‡¡◊ËÕªŸπ´’‡¡πµå
„π«— ¥ÿª√– “π≈¥≈ß  °âÕπµ—«Õ¬à“ßÀ≈àÕ·¢Áß¡’§à“°“√™–
≈–≈“¬‚§√‡¡’¬¡µË”≈ß ÷́Ëß‡ªìπº≈¥’ ∑’Ë‡ªìπ‡™àππ’È‡æ√“–«à“„π
«— ¥ÿª√– “π∑¥·∑π¡’ª√‘¡“≥ÕÕ°‰´¥å¢Õß´‘≈‘°Õπ ‡À≈Á°
·≈–Õ–≈Ÿ¡‘‡π’¬¡ Ÿß æ∫«à“¡’Õ¬Ÿà„πΩÿÉπ∑√“¬¥”¡“°°«à“ 70%

·≈–„π‡∂â“≈Õ¬≈‘°‰πµå¡“°°«à“ 50% ¥—ß· ¥ß„π Table 2

Table 3. Compressive strength and leached chromium of samples with LFA:BFW

ratio of 30:70, W/M ratio of 0.3 and curing period at 7 days.

S/B Sample Number % C Compressive Strength Leached Cr (mg/l)

(kg/cm
2
)

1, 2, 3 5, 10, 15 - -
4 20 32 0.078

5, 6 20, 25 - -
7 30 85 0.082

8 30 39 0.063
1 9 35 68 0.138

10 40 87 0.161

0.5

0.75
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´÷Ëß Cheng ·≈– Bishop (1992) ‰¥â»÷°…“∂÷ß ´‘≈‘°Õπ
‡À≈Á° ·≈–Õ–≈Ÿ¡‘‡π’¬¡∑’Ë¡’Õ¬Ÿà„π´’‡¡πµå æ∫«à“‡ªìπ “√∑’Ë¡’
§ÿ≥ ¡∫—µ‘„π°“√¥Ÿ¥´—∫·≈–¥Ÿ¥µ‘¥º‘«‰¥â¥’ ®÷ß™à«¬ªÑÕß°—π
°“√™–≈–≈“¬¢Õß‚§√‡¡’¬¡‰¥â ¥—ßπ—Èπ°“√·∑π∑’ËªŸπ´’‡¡πµå
¥â«¬ΩÿÉπ∑√“¬¥”·≈–‡∂â“≈Õ¬≈‘°‰πµå®÷ß‰ª™à«¬∑”„Àâ°“√™–
≈–≈“¬¢Õß‚§√‡¡’¬¡¢Õß°âÕπµ—«Õ¬à“ßÀ≈àÕ·¢Áß¡’§à“≈¥≈ß

‡¡◊ËÕæ‘®“√≥“‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫º≈¢ÕßÕ—µ√“ à«π°“°
µ–°Õπ‚≈À–Àπ—°µàÕ«— ¥ÿª√– “πµàÕ§«“¡ “¡“√∂√—∫
°”≈—ßÕ—¥·≈–§à“°“√™–≈–≈“¬¢Õß°âÕπµ—«Õ¬à“ßÀ≈àÕ·¢Áß∑’Ë¡’
Õ—µ√“ à«π´’‡¡πµåµàÕ°“°µ–°Õπ‡∑à“°—π∑’Ë 0.4 ¥—ß· ¥ß„π
Table 4 ·≈â« ‰¥âº≈°“√‡ª√’¬∫‡∑’¬∫¥—ß· ¥ß„π Figure 1

·≈– Figure 2 µ“¡≈”¥—∫
®“° Figure 1 · ¥ß„Àâ‡ÀÁπ«à“‡¡◊ËÕÕ—µ√“ à«π°“°

µ–°ÕπµàÕ«— ¥ÿª√– “π Ÿß¢÷Èπ∑”„Àâ°”≈—ß√—∫·√ßÕ—¥¢Õß°âÕπ
µ—«Õ¬à“ßÀ≈àÕ·¢Áß Ÿß¢÷Èπ¥â«¬ ‡æ√“– —¥ à«π¢ÕßªŸπ´’‡¡πµå
„π à«πº ¡∑—ÈßÀ¡¥¡’ª√‘¡“≥‡æ‘Ë¡¢÷Èπ‚¥¬‡¡◊ËÕ‡∑’¬∫ª√‘¡“≥
 à«πº ¡∑—ÈßÀ¡¥‡ªìπ 1 °°. πÈ”Àπ—°·Àâß æ∫«à“∑’ËÕ—µ√“ à«π
°“°µ–°ÕπµàÕ«— ¥ÿª√– “π‡ªìπ 0.5, 0.75 ·≈– 1 ¡’ª√‘¡“≥
ªŸπ´’‡¡πµå‡ªìπ 0.13, 0.17 ·≈– 0.20 °°. πÈ”Àπ—°·Àâß
µ“¡≈”¥—∫ ®÷ß∑”„Àâ¡’·§≈‡´’¬¡ÕÕ°‰´¥å‡æ◊ËÕ‰ª∑”ªØ‘°‘√‘¬“
·≈â«‡°‘¥ “√∑’Ë¡’§ÿ≥ ¡∫—µ‘„π°“√‡™◊ËÕ¡‡°“–‡æ‘Ë¡¢÷Èπ ·≈â«
∑”„Àâ°âÕπÀ≈àÕ·¢Áß√—∫°”≈—ßÕ—¥‰¥â Ÿß¢÷Èπ

„π Figure 2 · ¥ß„Àâ‡ÀÁπ«à“°âÕπµ—«Õ¬à“ßÀ≈àÕ·¢Áß
¡’§à“°“√™–≈–≈“¬‚§√‡¡’¬¡ Ÿß¢÷Èπ‡¡◊ËÕÕ—µ√“ à«π°“°µ–°Õπ
µàÕ«— ¥ÿª√– “π Ÿß¢÷Èπ ‡æ√“– —¥ à«π¢ÕßΩÿÉπ∑√“¬¥”·≈–
‡∂â“≈Õ¬≈‘°‰πµå„π à«πº ¡∑—ÈßÀ¡¥¡’ª√‘¡“≥≈¥≈ß‚¥¬‡¡◊ËÕ
‡∑’¬∫ª√‘¡“≥ à«πº ¡∑—ÈßÀ¡¥‡ªìπ 1 °°.πÈ”Àπ—°·Àâß
æ∫«à“∑’ËÕ—µ√“ à«π°“°µ–°ÕπµàÕ«— ¥ÿª√– “π‡ªìπ 0.5,

0.75 ·≈– 1 ¡’ª√‘¡“≥ΩÿÉπ∑√“¬¥”·≈–‡∂â“≈Õ¬≈‘°‰πµå‡ªìπ
0.53, 0.40 ·≈– 0.30 °°. πÈ”Àπ—°·Àâß µ“¡≈”¥—∫  ®÷ß
∑”„Àâ¡’´‘≈‘°Õπ  ‡À≈Á°  ·≈–Õ–≈Ÿ¡‘‡π’¬¡  ´÷Ëß‡ªìπ “√∑’Ë¡’
§ÿ≥ ¡∫—µ‘„π°“√¥Ÿ¥ —́∫ ·≈–¥Ÿ¥µ‘¥º‘«≈¥≈ß ·≈â«∑”„Àâ
‚§√‡¡’¬¡∂Ÿ°™–≈–≈“¬ÕÕ°¡“‰¥â¡“°¢÷Èπ‡¡◊ËÕª√‘¡“≥°“°
µ–°Õπ‚≈À–Àπ—°„π°âÕπµ—«Õ¬à“ßÀ≈àÕ·¢Áß‡æ‘Ë¡¢÷Èπ

®“°º≈°“√∑¥≈Õß¢â“ßµâπ∑”„Àâ∑√“∫«à“∑’ËÕ—µ√“ à«π
°“°µ–°ÕπµàÕ«— ¥ÿª√– “π‡ªìπ 1 ‡ªìπÕ—µ√“ à«π∑’Ë “¡“√∂
µ√÷ß°“°µ–°Õπ‰¥â¡“°„π¢≥–∑’Ë„™âª√‘¡“≥ªŸπ´’‡¡πµå·≈–
«— ¥ÿª√– “πÕ◊ËπÊ πâÕ¬∑’Ë ÿ¥ §◊Õ°“°µ–°ÕπÀπ÷Ëßµ—π®–„™â
ªŸπ ’́‡¡πµå ‡∂â“≈Õ¬≈‘°‰πµå ·≈–ΩÿÉπ∑√“¬¥”‡æ’¬ß 0.3, 0.21

·≈– 0.49 µ—π µ“¡≈”¥—∫ ·≈–‡¡◊ËÕπ” —¥ à«ππ’È¡“ª√–¡“≥
√“§“§à“„™â®à“¬ ®–‰¥âº≈¥—ß· ¥ß„π Table 5 ‚¥¬„™â√“§“
«— ¥ÿª√– “π§◊Õ ªŸπ ’́‡¡πµåµ—π≈– 2,100 ∫“∑ ÷́Ëß‡ªìπ
√“§“∑âÕßµ≈“¥„πªí®®ÿ∫—π ·≈–‡∂â“≈Õ¬≈‘°‰πµåµ—π≈– 420

∫“∑ (‰°√«ÿ≤‘, 2546)  à«πΩÿÉπ∑√“¬¥”¬—ß®—¥«à“‡ªìπ¢Õß‡ ’¬

Figure 1. Relationship  between  S/B  ratio  and

compressive strength of samples with

C/S ratio of 0.4.

Figure 2. Relationship  between  S/B  ratio  and

leached chromium of samples with C/S

ratio of 0.4.
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‡©≈‘¡√“™ «—π∑«‘π ·≈– æ‘≥™ÿ°√≥å ™Õ∫‡∑’Ë¬ß∏√√¡

‡À≈◊Õ„™â∑’Ë∂Ÿ°π”¡“°Õß∑‘Èß‰«â·≈–¬—ß‰¡à¡’°“√®—¥®”Àπà“¬
¥—ßπ—Èπ°“√π”ΩÿÉπ∑√“¬¥”¡“„™â‡ªìπ«— ¥ÿª√– “π„π°“√À≈àÕ
·¢Áß®÷ß‡ªìπ«‘∏’Àπ÷Ëß„π°“√°”®—¥ΩÿÉπ∑√“¬¥”¥â«¬

®“° Table 5 · ¥ß«à“§à“„™â®à“¬„π°“√À≈àÕ·¢Áß
°“°µ–°Õπ‚≈À–Àπ—°®“°‚√ß™ÿ∫‚§√‡¡’¬¡ ∑’ËÕ—µ√“ à«π°“°
µ–°ÕπµàÕ«— ¥ÿª√– “π‡ªìπ 1 ‚¥¬„π«— ¥ÿª√– “π„™âªŸπ
´’‡¡πµåº ¡°—∫‡∂â“≈Õ¬≈‘°‰πµå ·≈–ΩÿÉπ∑√“¬¥” 30% 21%

·≈– 49% µ“¡≈”¥—∫  ¡’§à“ª√–¡“≥ 720 ∫“∑/µ—π¢Õß
°“°µ–°Õπ‚≈À–Àπ—°‡ªìπ —¥ à«π∑’Ë§ÿâ¡∑ÿπ∑’Ë ÿ¥ ‡æ√“–„™â
ª√‘¡“≥ªŸπ´’‡¡πµåπâÕ¬∑’Ë ÿ¥ ·≈–‡¡◊ËÕ‡∑’¬∫°—∫ß“π«‘®—¬¢Õß
πƒ¡‘µ (2538) ∑’Ë∑”°“√À≈àÕ·¢Áß°“°µ–°Õπ´’‚Õ¥’  ÷́Ëß
∂◊Õ«à“‡ªìπ°“°µ–°Õπ∑’Ë¡’‚§√‡¡’¬¡ªπ‡ªóôÕπÕ¬Ÿà„π√Ÿª¢Õß
‰Œ¥√Õ°‰´¥å„πª√‘¡“≥ Ÿß‡™àπ‡¥’¬«°—∫°“°µ–°Õπ®“°
‚√ß™ÿ∫‚§√‡¡’¬¡∑’Ëπ”¡“„™â„π°“√»÷°…“§√—Èßπ’È æ∫«à“„π°√≥’
∑’Ë„™âªŸπ´’‡¡πµå‡æ’¬ßÕ¬à“ß‡¥’¬«‡ªìπ«— ¥ÿª√– “π Õ—µ√“ à«π
°“°µ–°Õπ‚≈À–Àπ—°µàÕ«— ¥ÿª√– “π Ÿß∑’Ë ÿ¥§◊Õ 0.25

π—Ëπ§◊Õ°“°µ–°Õπ 1 µ—πµâÕß„™âªŸπ´’‡¡πµå∂÷ß 4 µ—π„π°“√
À≈àÕ·¢Áß ∑”„Àâ§à“„™â®à“¬ Ÿß∂÷ß 8,400 ∫“∑/µ—π¢Õß°“°

Table 4. Compressive strength and leached chromium of samples with different ratios

of S/B and C/S ratio of 0.4.

Sample Mixer 1 kg* Compressive Leached Cr

Number S/B S C LFA + BFW Strength (mg/l)

(kg*) (kg*) (kg*) (kg/cm
2
)

4 0.50 0.33 0.13 0.53 32 0.078
7 0.75 0.43 0.17 0.40 85 0.082

10 1.00 0.50 0.20 0.30 87 0.161

* Dry Weight

Table 5. Cost estimation of binders in solidifica-

tion for 1 ton sludge.

Price Weight Cost

(Baht/Ton) (Ton) (Baht)

   C 2,100 0.30 630
 LFA 420 0.21 88
 BFW - 0.49 -

 Total 1 718

Binder

µ–°Õπ‚≈À–Àπ—° ¥—ßπ—Èπº≈®“°°“√»÷°…“„π§√—Èßπ’È®÷ß· ¥ß
«à“°“√π”ΩÿÉπ∑√“¬¥”·≈–‡∂â“≈Õ¬≈‘°‰πµå¡“„™â‡ªìπ«— ¥ÿ
ª√– “π√à«¡°—∫ªŸπ´’‡¡πµå„π°“√À≈àÕ·¢Áß°“°µ–°Õπ
‚≈À–Àπ—°™à«¬≈¥§à“„™â®à“¬‰¥â¡“°∂÷ß 7,680 ∫“∑/µ—π¢Õß
°“°µ–°Õπ‚≈À–Àπ—° (8,400-720 = 7,680)

‡¡◊ËÕæ‘®“√≥“§à“§«“¡ “¡“√∂√—∫°”≈—ßÕ—¥¢Õß°âÕπ
À≈àÕ·¢Áß∑’Ë —¥ à«ππ’È æ∫«à“∑’Ë√–¬–‡«≈“∫à¡‡æ’¬ß 7 «—π°Á
 “¡“√∂√—∫°”≈—ßÕ—¥‰¥â∂÷ß 39 °°./´¡.2 ´÷Ëß Ÿß°«à“ 3.5 °°/
´¡.2 ́ ÷Ëß‡ªìπ§à“¡“µ√∞“π∑’Ë°”Àπ¥‰«â ·≈–∂â“‡æ‘Ë¡√–¬–‡«≈“
∫à¡π“π¢÷Èπ §à“§«“¡ “¡“√∂√—∫°”≈—ßÕ—¥°Á®– Ÿß¡“°¢÷Èπ¥â«¬
®÷ß∑”„Àâ —¥ à«ππ’Èπà“®–‡À¡“– ¡µàÕ°“√π”¡“»÷°…“„π¥â“π
¢Õß°“√√—∫°”≈—ß„πß“π°àÕ √â“ß‰¥â‡¡◊ËÕ¡’°“√‡æ‘Ë¡√–¬–‡«≈“
∫à¡„Àâπ“π¢÷Èπ Õ’°∑—Èß‡¡◊ËÕæ‘®“√≥“„π¥â“π¢Õß°“√°”®—¥°“°
¢Õß‡ ’¬‚¥¬√«¡·≈â« æ∫«à“∑’Ë —¥ à«π∑’Ë¥’∑’Ë ÿ¥∑’Ë‰¥â®“°°“√
∑¥≈Õß„π§√—Èßπ’È ∑”„Àâ§à“«— ¥ÿª√– “π 720 ∫“∑  “¡“√∂
À≈àÕ·¢Áß‡æ◊ËÕµ√÷ß¢Õß‡ ’¬‰«â‰¥â∂÷ß 1.49 µ—π §◊Õ µ√÷ß°“°
µ–°Õπ‚≈À–Àπ—°‰¥â 1 µ—π ·≈–ΩÿÉπ∑√“¬¥”Õ’° 0.49 µ—π
®÷ß∑”„Àâ‡ªìπ —¥ à«ππ’È‡ªìπ —¥ à«π∑’Ë§ÿâ¡∑ÿπ∑’Ë ÿ¥
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∫∑ √ÿª

‡π◊ËÕß®“°ΩÿÉπ∑√“¬¥”∑’Ë„™â„π°“√∑¥≈Õßπ’È¡’§ÿ≥ ¡∫—µ‘
∑“ß‡§¡’§≈â“¬°—∫‡∂â“≈Õ¬ Class F ´÷Ëß¡’ª√‘¡“≥´‘≈‘°Õπ
‰¥ÕÕ°‰´¥å Õ–≈Ÿ¡‘π—¡‰µ√ÕÕ°‰´¥å ·≈–‡À≈Á°ÕÕ°‰´¥å √«¡
°—π¡“°°«à“ 70% ∑”„Àâ¡’°“√¥Ÿ¥´—∫·≈–¥Ÿ¥µ‘¥º‘«‚≈À–Àπ—°
‰¥â¥’  ¥—ßπ—Èπ‡¡◊ËÕ‡æ‘Ë¡ª√‘¡“≥ΩÿÉπ∑√“¬¥” Ÿß¢÷Èπ®÷ß∑”„Àâ§à“
°“√™–≈–≈“¬‚§√‡¡’¬¡≈¥≈ß ·≈–‡¡◊ËÕÀ≈àÕ·¢Áß°“°µ–°Õπ
‚≈À–Àπ—°®“°‚√ß™ÿ∫‚§√‡¡’¬¡∑’ËÕ—µ√“ à«π°“°µ–°ÕπµàÕ
«— ¥ÿª√– “π‡ªìπ 1 ‚¥¬„π«— ¥ÿª√– “π„™âªŸπ´’‡¡πµå º ¡
°—∫‡∂â“≈Õ¬≈‘°‰πµå ·≈–ΩÿÉπ∑√“¬¥” 30% 21% ·≈– 49%

µ“¡≈”¥—∫  ‡ªìπ —¥ à«π∑’Ë„™âªŸπ´’‡¡πµåπâÕ¬∑’Ë ÿ¥·≈–¡’
ª√‘¡“≥°“°µ–°Õπ Ÿß ÿ¥ æ∫«à“°“√™–≈–≈“¬‚§√‡¡’¬¡·≈–
§«“¡ “¡“√∂√—∫°”≈—ßÕ—¥¢Õß°âÕπÀ≈àÕ·¢Áß¡’§à“ 0.063

¡°./≈. ·≈– 39 °°./´¡.2 µ“¡≈”¥—∫ ´÷Ëß∂◊Õ«à“Õ¬Ÿà„π‡°≥±å
¡“µ√∞“π°”Àπ¥ ·≈–§‘¥‡ªìπ§à“„™â®à“¬¢Õß«— ¥ÿª√– “π∑’Ë
„™â„π°“√À≈àÕ·¢Áßª√–¡“≥ 720 ∫“∑/µ—π¢Õß°“°µ–°Õπ
‚≈À–Àπ—°·Àâß
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