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xOv}q; u}= u=R}t uDi=} |=Q@ w 'CU=C}ty= R�=L l =vQ]N|}xOv}q; u=wvax@|DavY
Q@ xwqa u=wD|t 'C@=F QDU@ QO |L]U ?PH Ov}=Qi |va} ?U=vt |=y|L=Q] QO

[5w4]"OQm |UQQ@ R}v =Q 2Qw@a |=y|vLvt '?PH sQDwR}= |=y|vLvt C=k}kLD
'Ov=xOW xO=iDU= Qw@a |=y|vLvt |v}@V}B QO |vwo =vwo sQH p=kDv= |=ypOt
CU= sRq =OD@= 'sQH p=kDv= pOt l} uOQ@ Q=mx@ =@ =y|vLvt u}= |v}@V}B |=Q@

OwN QO xm |}=ypwrLt |R=UXr=N =} |R=U=OH Qw_vtx@ =yu} RQ R= xO=iDU= ,=Q}N=
|L]U ?PH Ov}=QiCLD w OvDUy xOvwWpL |xO=t CQwYx@ |r; |=yO}U= |=Q=O
C}ty= R�=L 'OvyO|t s=Hv= =Q ?PH C=}rta � �|vw} pO=@D� |}=}t}W =} |m} R}i �
C=}rta "OQ}o|t Q=Qk j}kLD w |UQQ@ OQwt |v=w=Qi |=y?P=H |rm Qw]x@ "CU=
|R=U=OH |=Q@ X=N R=U=OH l} u=wvax@ u} RQ Qy |wQ Q@ |@ QHD CQwYx@ ?PH
l} QD}U O}U=|R=U=OH xRwQt= p=Ft u=wvax@ "OwW|tj}kLD w|UQQ@ 'X=N|xO=t
C}qQ@t= u} RQ =@l}Dm q O}U= |R=U=OH 'IRA�67C}qQ@t= u} RQ R= xO=iDU= =@
u}rw= u=wvax@ p=ai u@ Qm |xr}Uwx@ l}�wRv@ O}U= |R=U=OH R}v w 'IRA � 92
Qo}O |=yu} RQ u}vJty [3�1]"CU= KQ]t |L]U ?PH VwQx@ |R=U=OH |xv} Ro
|vw} QoxrO=@t |=yu} RQ "OwW|t `k=w j}kLD OQwt xDUw}B |R=U=OH ẁv u}= QO R}v
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�QDU@ QO |oOQWi ẁv w pNrND Q_v R=� ?P=H C}y=t x@ xHwD=@ w 7�u=tR ?ULQ@�
|=yCOW u}vJty w u} RQ hrDNt |=yQDU@ jta QO OOaDt |=yV}=tR; "OvDUy
'u=} QH COW uOw@u}}=B p}rOx@ |vqw] |=yu=tR COt QO hrDNt |tHL u=} QH
|=ypmW� OvDUy Q}oCkw w Q@u=tR Q=}U@ ,qta l}�wRv@O}U= |H} QOD ?PH |=Q@

"�5 w 4 '3
QO QDU@ jta |=RHt |UQQ@ =yvDxv xm Ov=xO=O u=Wv =yV}=tR; R= pY=L G}=Dv
u}}aD xmr@ 'CU= Xk=v u; uOw@ |OQ@ Q=m |=Q@ X=N |tHL u=} QH COW l}
?=NDv= u}= |OQ@ Q=m OQmrta 'xv}y@ |tHL u=} QH COW QO xv}y@ QDU@ jta |R=wt
|xv}y@ jta u}}aD |=Q@ xm CW=O xHwD O}=@ =Pr "CW=O Oy=wN x=Qty x@ =Q xv}y@
x@ X=N QDU@ jta u; =@ x]@=Q QO =Q |tHL u=} QH COW O}=@ =OD@= 'u} RQ QDU@
"OQm x�=Q= XwYN u}= QO =Q |OQ@ Q=m p=L u}a QO w |ak=w G}=Dv u=wD@ =D OQw; CUO
|vLvt pmW QDsm |tHL u=} QH COW QO 'OwW|t xOy=Wt 3 pmW QO xm u=vJ
Q=}U@ |v=tR QO u} RQ |H} QOD `=@W= w CU= x=Qty |H} QOD ?}W Q}}eD =@ Qw@a
sRq xk}kO Q@ QD}r|r}t 0 75 |tHL u=} QH |=Q@ xm |v=tR Q@=Q@ wO R= V}@� |vqw]
OQ=O |r;xO}= pmW QDW}@ u=} QH COW |=Q@ Qw@a |vLvt =t= &OwW|t s=Hv= �CU=
"OQ}o|t CQwY |@=} R=@ QDsm u=} QH COW |}=Q=m u=ty =@ ,=@} QkD QDx=Dwm |v=tR QO w
|QDQ@ xk}kO QO QD}r|r}t 0 75 |tHL u=} QH 'u=} QH wO u}= u}@ QO QwmPt p}qOx@
QDt|Dv=U 6 QDU@ jta QO V}=tR; '|vqw] Q=}U@ Q=m u}= x@ uO}WN@ ẁvD |=Q@ "OQ=O
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1. heat of adsorption
2. breakthrough curves
3. nonlinear wave propagation theory
4. driving force
5. plug
6. gravitational
7. breakthrough time
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