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Glaze as glass membrane that is covered on potteries.
Glaze visually attracts people by bringing color and
bright together. A glaze is a non-crystallized glass
that is constructed by inorganic matters. The
structure of atom is not arranged in consistently. It
1s affected by different temperatures, atmospheres,
and firing processes, then comes out unexpected
results. Although glaze experiments have many
unexpected factors, it brings more possibilities in
artistic expressions.

The characteristics of glaze are mainly affected by
composition and proportion of chemistry. Currently
many researches of pottery glaze are developed from
H.A. Seger’ s idea which is called Seger formula. It
1s a series of empirical rules put forward by the
H.A. Seger for the prevention of crazing and peeling.
The formula takes down composition of chemistry and
becomes a foundation in glaze research. The chemistry
oxides are components of Seger formula. Chemistry
components have to be converted to raw materials
through calculation before using practically.
Ceramics materials usually come from mineral
substances. Different places give different
qualities. These instable qualities always bring
numerous troubles into ceramics industries.

[ was engaging in a research project which exams
ceramics glaze from reservoir silt. Although I
successfully found ancient glazes through using Seger
formula, there were many failed examples. Besides, I
tried using Seger formula to transfer to another
formula in order to find out new components, because
of different qualities of reservoir silt. It shows
completely different results, but they were in the
same firing conditions. No matter calculation
problems or component differences, it becomes the key
point of this research. In the end, [ also expect to
find an effective way to solve problems of material
replacement.

The results of this study show that the composition
data of Seger formula can indeed provide the basis to



calculate the most favorable operation. Through
reasonable and accurate data operations, and
appropriate experimental process, can really get the
most streamlined means to replace ingredients in
glaze recipe.

Ceramics, Pottery, Glaze, Seger Formula, Glaze
Formula
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An Examination and Analysis of Seger's Formula Applied to Pottery Glazes

Abstract

Glaze as glass membrane that is covered on potteries. Glaze visually attracts people by
bringing color and bright together. A glaze is a non-crystallized glass that is constructed by
inorganic matters. The structure of atom is not arranged in consistently. It is affected by
different temperatures, atmospheres, and firing processes, then comes out unexpected results.
Although glaze experiments have many unexpected factors, it brings more possibilities in
artistic expressions.

The characteristics of glaze are mainly affected by composition and proportion of
chemistry. Currently many researches of pottery glaze are developed from H.A. Seger’s idea
which is caled Seger formula. It is a series of empirical rules put forward by the H.A. Seger
for the prevention of crazing and peeling. The formula takes down composition of chemistry
and becomes a foundation in glaze research. The chemistry oxides are components of Seger
formula. Chemistry components have to be converted to raw materials through calculation
before using practically. Ceramics materials usually come from mineral substances. Different
places give different qualities. These instable qualities always bring numerous troubles into
ceramicsindustries.

| was engaging in a research project which exams ceramics glaze from reservoir silt.
Although | successfully found ancient glazes through using Seger formula, there were many
failed examples. Besides, | tried using Seger formula to transfer to another formula in order
to find out new components, because of different qualities of reservoir silt. It shows
completely different results, but they were in the same firing conditions. No matter
calculation problems or component differences, it becomes the key point of this research. In
the end, | also expect to find an effective way to solve problems of material replacement.

The results of this study show that the composition data of Seger formula can indeed
provide the basis to calculate the most favorable operation. Through reasonable and accurate
data operations, and appropriate experimental process, can really get the most streamlined
means to replace ingredients in glaze recipe.

Keywords:
Ceramics, Pottery, Glaze, Seger Formula, Glaze Formula



FEPF

EAIN s
£ v
R SRR N RENAE SR S R e L B E N i
RITLRENFENS 2 LT (70

1 > o tufY RBEANEr tdnam Tk j]g\»ﬁdJ B % o
2. MK R R P KRR AH 0 RS HR PR DRE A R R
RO AR B R R T 0 BRI R TR JURSL N E R E o BT WA
RS R IRt AE
SN B BB A SRS o IR KRR S R RS R o T f kR
A Ak g AT ATy o
4 R G DR GERH G TR AEHEASPER AR 4 o
Zﬁwﬁﬁm“m@”@#%’kﬁwﬁ@%mﬁ%aé%cmzk’%&¥i«
T TP REETESARS B PV SRNTE S FRENE RS P S
AR R REL TR 0 LEN LR R
AOEMOREMANL TR 2000 i g M B L B o
5 SHEH AT B 8 R R B PREA Y - e S R ]
PR 0 X 3o g S Q £ AT S BEk 0 35 D AT S BB i3 i o 3
BT AR B o B S A RS AR B R b e
NS s T2 ks Rk
B R L R F R R SR F S B R 3 5 B - R R
%%@ﬂukﬁﬁ%@*ﬁ%@%ﬁ‘“l@%ﬁ&¥i;mﬁgx%{ﬂ%’w%w
G L A R BB o dee R MR A A g £ - B E B A

FR R D

@#¢9m1%aziﬁiﬁg%%%ﬁ§akﬁ%#ﬂ%%%ié Y2 mER -
w;gmﬁ%&ﬁwaz~@ﬁ~éé%~%i§${%%%% HirF e 5
B2 ARa 3 AFRADLE o UK B DR PELF AT AR E S A
7 @_{;4@{ T uom pHREMET X F a2 BB RNERE PR o
A B AR AT — Rkl ) g ﬁ],v S BB D g ﬂ‘*&;'m}aal

RAlaiz g s bt AAR A REAALE BRER TR A H LA TR DR
FhafdAnBS T L EARFHRAY TR T ufz«‘?‘x@“’iﬁ
it

9‘

A \Tm

=5
ra

= F

S

9

\*—:4

™

m’:‘%}ii"'ﬁév\’;'J‘i’\J‘ﬁiﬁ"W"‘V" ,% ]a@\i‘a'ﬂ 4 ey

b‘»l%%oaf’\;}#g% £~ HHEE HEFET SR A WW’F??,;? T e
rii‘a?ﬁ'n‘ﬂi% SR R BT iRk AR MRS > - AR HE

ARPEIAFE LAFETF A DA L ZEF ot ohd 22 ﬁﬁtm/%!#‘i%""w%"”’r’ﬁﬁi@

voRR AR S F T AT RUEZ FlRFUER Y ook R 1 s dpdaimE

W2
RET
I%’]‘é



R A AZAF A AL RFFRE o eeee R R B H ST TR 0 R AR
ﬁﬁf/ﬁmi‘{ﬁﬁfd HE A HEA o piRAHEREE > AAERFEY T LRI -
AFF 2B PIRITH - B one i R U R s R R R L
Hphz £ & 4T
1 RERLAE ed R DT FLABERF > UG 2aF 2 R GRnI BE R
EA% o APROT B ALz fhiE% 2 0 T U RPARL R0 A 4 A BA T
a%vﬁ&aﬂ%mﬁﬁaw’bﬁﬁmi#\ﬁ%ofﬁ’»ﬂuﬁ%&#
Z B R o LR ERL AR T BE S I
2. MER N Fehwm PR30 3 FUEROE R BADZERZ ] FIRE
ZESERDER AP FEREEL wROEL S FRFRRNTFIY
il B 4 IRAG 50 o
B RS AR AF S AHMNE R RN ESNL R R 0 AR
AR = A B E”’Fﬁgiﬁ—”\— o FRREZ_fRA FV K/ ER —*‘F‘]’{ % R i i
B0 MR TR A § R WD ot E o

\

é N }EJ——*;
3132 A#H —F N i £5¢ (Seger'sformula)

RN Eani 5w o r/%v.#:i AT ELN  FLadmE A [RE | X T
ri_g;f:g“ ATER  FLHRHEE TELL P 3 T8 | & Txmagk, 5 f87
BA53% o AP W B ¥ imz\»ﬁ"v;“{r}ﬁzi}:ig‘_—g_pb PR RN = & S|
Faf  felitgdayapldgst S48
LR SR R PR RN SR R E S S LR
B, ERFASF g EE o AR IR EF oy %?P\ Foo Tt pfE A T
TG ORI FL o R A PR F B o 2 L HA. Seger
£ 1 (1839-1893) #74f & &1 ke 8 o A - AfE2 4 Fgﬁq—uj, ;%;iu LI
Frirht o g ERAEUMEF L F LS AE U g SLE e L R
fed A FERT
%Téi\ﬁ’»%)?%m%\ik B AN A EOCE LD FA L RAGR)E P s
foo et g 3 A A3 50 D RO - XRy03 ¢ YRO;
(1) RO: @A) G BAS » &S H -
(2) ReOs: # f(F18)> 24P % M -
(3) RO, : M » ZHBEP A4 o
(4) x>y~ u 5 ROz 2 RO4p 13 RO chi B it & o
MedH EEE SR Lo RSF 0 RATRRY LT A AT R
TR F AT R (Y HEH 5 p70)
(1) 75l AU o
(2) 2030 kS P RB] A 4T S R F o



(3) = W APITHA > A EEA o HL R KRR B A EE AT F o
(4) J&H 3C e %J%frm;% MRS A RDBESER -

(B) 1% - BHFE IR RFTARDD FH o

(6) F1% - BHNT AR ek TR F g B digpiveai > o

r+*ﬂ

32@“”?%%?$1P2%m
ﬁiw <%£ﬂﬂ§>m<@w*#>(i%:«ﬂﬁﬁg’w%&>+%:rw
?A.;E‘T"‘T}'—'E’ ’#‘i—,yiﬁ“iﬁ_}g’# :Ix*kl’kn %ﬁ/ﬁ‘"}—’mﬁ %_ﬁ;‘ﬂ:}-},ﬁq;uf}diz%,_ﬁ%
g se

e * Y - fAF R RFAEET o bok G- P SReNT R R pE s B4 L
5‘1 515@_7&@%*?5“ (RHN) > R e s - frefe > % - By 972 & R
3l

_—0 J

BRSPS SRR B T

(1) #zif "o > Daniel Rhodes ¥ » (@B E * chdkt frf ) > 24 1 h A 4
¢ > 1980 # » F 108-109 -

(2 #iR& (FEApe k) 4417 FHE 2002 0 F 49-

B > (HEFE) -4 FHmE 420032 > T 95-

(4) Green, D., A Handbook of Pottery Glazes, New York: Watson-Guptill
Publications, 1979.

(5) Norsker, H., Danisch, J., Glazes - for the Self-reliant Potter, Informatica
International, Inc., 1993.

(6) Burleson, M., The Ceramic Glaze Handbook: Materials, Techniques, Formulas,
Charlotte: Baker & Taylor Books, 2003.

322 EHA M A REBAY
PO kg BRA(EE S AT I G4 7 5% A ELT Y R g
Wendo gk o fpd B At nlichy o B L K ETH B gl > £ 7 0
#H PR e MO ERN M EEIE R HREBET 0 o T e
(1) #15 (mapfpes) o (FL@z) > 1998 & 14 » F 3840
(2 GEG L (HERRESZGHDGfoid 1) o (BF) > 1999 & 2
# 0 F 121329
@ Faf> (BMIAMBBEAFELNFL) > (BLEE) > 1998 & 1
# 0 F 11-13-
(4) 2% (M= LRBEFANZEERABHE TRV RTT ) » (A4
B RgR) 2004 & 90 > F 43-69 -
6)%¢»’<%ﬁ%ﬁﬁﬂ<&mﬁw~ EEEFAT) (R4 r KT
<~ B HF) 2006 4# 97 - | 5168



6) Etpm (3% hE) (L2 FLF0EFRF R4 75580 2 2
L) o (AP EARFA SRR RF LR S RFE) 0 2004

E 20 o
(7) Froberg, L., Factors Affecting Raw Glaze Properties, Academic Dissertation,
Abo Akademi University, Process Chemistry Centre, 2007.
Bl e (g ) 7 TRBERES DR ES fid0 2T PR
'b‘_nbmﬁ FoBRNDATROESERT AR RAM DL R ERAIE o
ﬁ%?\ﬁ A (HERENAEHDB o ) s 0 TERESY KA TH
FUANRASE ek Am g e U By Y By TS ALO - EEY P EG
SO > AR REFH FRADES{fo T o a § 237 75 FeOs~ Cro05~ ByOs
ﬂ@*ﬂ@i%’ﬁﬁﬁ*ﬁ*@ﬁkﬂi’ﬁgmm&%ﬁ%i’ ------ J
FRAO(BEAPLBERTEONFL) czRENCBesaml i > 1 5
TREAALEERT T E SN e N guE Y 2 ek o
FRFA (M L A EFENZEERABNE st Ty ) - 2 ¢ P F AT
2 ERNEAE RN R AERA % D T(D)ERNENZ @—&E#ﬁﬂ%%
Ex#H 23392 Q2 4 RBEHEIRERABHZFEFFNT B R
RN BA R b BRI R R o

v

Fi ! TERFNBHZIANH S P FIFAF PR §ikE ’f’f%%ﬁ%ﬁi‘fﬁ

BAE L RBAZHF (NI R ELATAHN A A0 0 A5 MR HES (D
AR PRAT e P {1 QREBF R LA SR
SRR L i N REEP I

RN S M EEE e AR Nl G b (RER RN REs
F2 B HEEAT) PRI T RRESGEMGERN LR EEP R LR nlicd &t
F R0 R) - e (L)Y () E ¢ PR T <

LindaFroberg crgh < R4 M BEnit B o W2 Ea - EF 2 F4HFH 22
Z2 BB RBHESRSETRRZE A7 EEAN A RN NG HAE I F
fho i x HgFk e R I FRR G RO

ST

rgﬁﬁ*w%%ﬁﬂﬁvﬁ&%ﬁ%£ﬁé e ey FQ%NE 7RSS

EIFGRM T RN EAG SRR b 0N B 2 B R Sl P g
ﬁff%ﬂ*¢ﬁ4fﬁ¢w$fm%£o
323 mEAM AT N ZE e ,%sz‘i— §2 57y

RS PR RS S I E LR E RO A SO SRy
A A b ) ((AF FFRF LI A I FEEFTRBALSS $0) > 2005
ES T ATBle ) - 2 o R E e GRS FEANEL PR L & (THuT ]

I s ¢ I
(1) #Fpe=> Bidit @ ABKEEHMELT » 24 & AE i o
(2) Rt gE PR AR IR X8 R F o s Az R g R
AAERTA A B AFR S AR e R A B RS o



(3) Fak fpEfec Bk e ¢ R RURLAE fPE S AR BT E ST 0 R

RAL A A Frend s o
W 2T P (2 @ﬁ+ﬁ%pz?§@%$wk’ﬁ{&%%imwﬁiﬁ

~EAEFRPOTHEEZ AN EHRM I T REY L S dolp > TG TPk
Sl e AR (REEFH) PRI T eVl i LAKT R 0N
242 g FlER o (W EREL R (P A micdii k) 2’%%“1' e

PO kB (EAEELZE FER) SR FTHRIELS T F 0 kg R
TEBE R UL X %?T}ur RALz M P R Y BRSO EH S Ao
T 5 2 R Hp (F el BOBERE o

J‘I..L‘:‘g'.'—g"‘j'?\;l\ ’ pt:;;—{,;ﬂ—:;‘k@ #E%%**%JP u—r;‘,—k};’; :

() ¥ ¥ §5 (AR BrrE s darRRy)  (RLETE)
1989 # 64 » | 24-29 -

(2 o4 (MELITMA> X EdEe Lao@g ) (ME14) 1999
£67 > F 2528-

(R ¥I1FF ~kE$ . (REATAPRRSFT IR ax) > (BL)
2000 # 34# » | 12-17 -

(4 2 A% ~&2¥FERE 8 (HERD BRI F 2 ERF) » (P H
M%) »200L & 8% » | 37-39-

(4) M (BIIFAPFRSEFZARMZFT) (P WEE 1 ¥) 2009
£ 84 > F 23-26-

G) wP ~RFA - (BBEZARIARRESEAY Y SR ) (P RRT)
2009 # 2 ¥ » | 59-61 -

(6) = 2 4% » (MEITHAFRS BN 2am 2F ) (i Ha)
2009 # 8 4y - F 1409-1412 -

(7) Kronberg, T. Hupa, L. and Froberg, K., Optimizing of Glaze Properties, Ceramic
Engineering & Science Proceedings, 2001, 22(2), 179-189.

TP by B F AN A AT LT 2 M O TR E R b
Insight ~ GlazeChem ~ The Glaze Calculator ~ Matrix ~ Clayart ~ GlazeMaster ~ i 3+ & it
BBEANEFAT PR CRE  JWHER TS0 EHE L AL €8 6 F AR ED
L%ﬂiﬁﬁﬁ%ﬁ%o

W AR R B AR B R A R AR g v ehiE B S ’%’ﬁ'”&‘ R
5 B?Tf‘i__é:l%_l’l' ploe § o FENKRATHITAREIRRY > TG PROKRET

LHG I APMAT R PR A R T P Rl R R R LS A
Kipis AP HP oo XROAFER LI PHEmEPE-n v ApMl 0 BRI Y
HTm e s SR RM AN RAL RGP RSl 3 I EREINNEET Z AP RS
% (D) RS A B (2 P E I,E_'_'?E?“"F B L Bfeaik | B~ (3) 3%
El Az g g e ﬁ“?q-%— BRI AED T OHERES AT ELS - 0L



Flpt o £Fen T p i ) B T RBHE 22 Ko TP R ERIGE S HEL A
SR O NNEARIE LR e SUN (s E

Ao BB SHeniplhe e B A TEZpaled | iF
CHFHEI L A g iv% > AU RF A A F LS HE A Fpt o B
R EA R E R LAt s o Atipfianua Ly TR
H

I
L@ ) 2 foinbo [ Eiv3 TP ok, o

AT LB o B pRPE L TRBRF T2 RREATH D 2 RA S AP
PREAFRTAAESF T RAR - BLR RN TRAE, ~ Tingld, ~ Tk
FR L TERE > TEP AR, > TEHR > TR, TR, SRRSO
MR ERAEY AREFTRHREFENT e et E SRR -

R HROHRRL R REALA Y LA R G B RE Y B2 3 e
SO R~ a3 HEAR Y B2 EEFEY ik ¥ ob o % Excel T3] K1z
BT sk  ABRREOIFERITE D AR RZ T ARG o T A
e i (B1) 2RELBEZ T 407

ERXERANEE BT R 2R

£ = "y
Bxcel€ > - -

i

BARES ZEMR HREHREBNE |
Excel .31 44 LR e R R
AR 2.3 SR AR LA HORR -
Zwigktt > —~—
i — OVEAR ~ OB UE ~ ()4
&t @) EF - O
antk > URIECCCE %8Rs A R

e ot |
appe > (ETTICINN wmmioit

| ERABRAAEEMRE T EE 2 e ss o
Fpd B R e AR -
RAEL PR RS RRIT -

Bl 1l Fhonfegr 2



1 53 %R AFLFLER AP HTRE* 2 Rilad 3Tpl e L E x40
SEEAE LT AR R R X 4 R MR -
2. L EARERS N REABTRA S R RN A i > #i5 Excel ¢ 2

FJR R TR RE ) Ha REFRMNEE o AT g AR TR
SRR RAF T RIAF R AGFE LRI NS AL FREYE) A
FELFOLRE2Z RGP A A EITL PRl VY RIG k2
MY 00 S () » B (Ly)E O Ooy) ¥ el e TR KAt
R RATH G B RA S R REERS AP IEHE I A RITlE -
3.Excel TARFIKfE ) 2 A ER T FRBF D REFROE - FUR
ZH o R RS o
4, SHEHN S P S B E B2 Rl (AT Z iRk hg Y R
67 T 5 BN E B b ddy mﬁ/uﬁ*a%iﬁx’;ﬁ'lﬁﬁﬁ»bi GEIE
5 fiE ‘*%~n‘ BRDAF T > URAN S 2ERZFE P FLRE S L3TH S D
EARLP ARG PiE- B2 0l S REBBFELIRR > L
T34 TTgdd  TLRAMRT VBB FEERS Y TR LA
B wE R -
6. PP~z PG
Q) BB B INBERDFRER 2 RHRaOEH o
(2) & Fid 2 Rl T R AT E 8 TR -
(3) Hclf T 0T S L » AT A R AR o

51 F5kH> 254
AT RE R DR AfRARRNE A B2 R P NE e B FE
FE PR EFIROH S TR REEA - H ;,ﬁg;\ B~ B ke T
1. £5% &8 (%% Dall2-1- ik 3 & 1 50% -~ 48 &  1280°C ) : ¢ #
f;IR:ﬁ.ﬂm‘*“&é,&- b B \i:ﬁ%‘ H2F 5 & - 429 pagk o S AL §
R AR MBI EW AF SRS PR doke X R
f%ﬁ%—%i’?bﬁg.ﬁﬁd o
2. fﬁ*%ﬂ(%%Dm%4\%ﬁéﬂ:m%\@@ﬁgzumt):i

% G BT C EEP RIS ENZEERL A BIRIES
%avm’%] SN

3. if % P oA A (3 Db100-a3~ Ak 7 £ : 65%- e HliE A 1 1290C) ¢
B m#w’*z B ER T F MBS R — R EN R MR
R ﬁflli*fi & rﬂf’g,;? % o

4 2 xp (,:ﬁy%,{ Dcll3 -~ Kk 7 & 1 60% -~ %8 & 1 1280C) @ T HEEE

Fen2 4 B BH TRV LE IR TR T Ak o

7



5. X B 9% &4 (%5 Rcl05- Nk 7 £ 180% 4§ & 1 1290C )
SRR FHFRZ R LVRFIHEGRE R EFF o R
R & N
6. + % (%% Rb149-~ 7k 7 & 1 10% - ERE A 1 1280C) : d *tF £ i
A ZE A A 5B 0 FI R pNE L Y 5 10% o ﬂ\fd e kAR T
WAL AP KBRS TS R B3 R K F L2 A
o 2 AR PR o
T
iT
o
5
B
3 LR | dall2-l (£ 5% &4 ) |dal38-1 (4 &4k5 < P )| dbl00-a3 (& i iF # )
Y 1270°C RF 1270°C RF 1290°C OF
R EE 50% 20% 65%
iT
&
"
B
'——7—_-:’
YRl E AL | dell3 (2o TT) rcl105 (Fyzaid jF # ) rb149 (45 ##)
Yk 1280°C RF & OF 1290°C OF 1270°C RF
TP 60% 80% 10%
5.2 Excel "3]#f%
A FE SR b S e e 1 Excel il o L AR Rk
Benr 4 om0 S RAIE R B el Il e R
21

E PR TR B RS f—rm)rq»j | * Excel Qé-/%@;‘ﬂﬁ’

g KiE(T o & 4pt > Excel T3] | &f2 | a7 N 'ﬁ»i)

HESapI BB B AEL S 5 s U PR e { A3t o™

=4 T\ﬁ,»,.J B R iTE B 2 E b dTit 4o

1. fx* Excel enT A\ Rfz  #iy cdek 22 T2 2T, ER T &
}éf(’if °

g AEE A (9 RANA) -

i Beaxdggaov | 2 TEENT A o
&t it s~ C3
P KA

- PIFRIEE THE R R TR KRR 2

2. AExcd &tz - BRFLZ 2
3 = FpiEz J”'J

Hplo A REFFHPFR & LK md%mﬁ%;mgkgﬂ
~K3 ¢ > T @A Fehg it e (X F4

r%%‘Jvﬁﬁ;J ¥
RN T I ’flj’}aﬂ

e



4 3T PHRFEIIMI~XIhER]EE THET UL MI~X3 i3
e zad (208 28 ks .

5. ErAtredcdp  ERERAP DT eS0T ERAPHBL ZRE ~ 40l p
LEE it e E g F A edy i SI0,=72.37%- Al,0;=15.19%:---- °
Rl-cE 723783 T p it £ 7 5|2 TS0, enE AR § e 2 o
ficig 15193 Tp it £ 7 | s TALOs ) (hE fFen ¢ 8 o &t
EHTE RALG T A A B M R s GRE ¢ R RS

6. EPRE chiicie z & (B6~B24 > ?'r’%\» P d mRIERER) 8- BE2 R
fRis & AL ECE e in g o P h Excel R 2 2 TS P
G~ rVaIueJawf]a_( =% Hp r,jfﬁ_>ovn,)rk*84‘|’}%,,}lm-é-ﬂ
2 fEuth s 2Ol T =SUM(Vdue), -

7. s CValue, Bt fl o ERERE D SO, § REHF B EAE

’;f 7

By pagr Tsb 1y enpfl (20 24 psiRiEm) o R X ALOs 7
P s (b2, 1CaO FEEHET S (h 3 e L POs § EHAET 5
"$h 9, -

8 PPN ESEEL TR E -7 PCA~KA REFH (¢ @

ﬁﬁ#lﬁ)f’ﬂfﬂ”’ﬁ;\afﬁ 2585 Vaue £2 (sh 18 sh 28 sb 9)

B A2k fFfr o bl4e C4 5 Vaue & sb 1 L7)2 %f\yf;]ﬂfr"’f DI F SN
£ (B4) | D43 Ve & s 25 a2 fftfk AT £ ik i
fiort CA 5 Bl R RS % 5 &l FALKIES] )~ T=SUM (Value* sb_1) /B4,
6 #& T Ctrl+Shift+Enter - rj-*u g€ A = IR < R e 5 {=SUM(Vaue
*sb 1)/BA} > dept it e i TEFIEE | o S Rk kg o e TR
78 -7 PCA~K4 EFHRKRTRE -

9. #5557 Tz ELAE/AERE XZTPRZE 2T HE 24T 8
Wi, o SHEaExcd d#ci " =ABS(number); 12 C5 56 2H TF
FGIEF] | P}~ T =ABS(CA-C3), o H Lif 1 B5~K5 it ¥4 C
TR AR

10. P #F-dofesiik €03k B26 L P RSB  H  © aH RER G
> T=SUM(N5VE) | » TRt dicdhen TP €, & T35 58, 2 £
TREHE ) 2 e (I RAA) o dok TiO~ POs 7 A 3 P a5
r=SUM(N5:T5) | -

11 & %75 38 B L_\y{{}‘ﬁﬂ)‘m‘?\;léﬂ’v il B R gt E(R45)
PFEPEE LE T B26($B326) quxﬁéJ HpHEEXR: T8 E o

b TREEG R E rValueJ » 1% 4 B6~B24 -

12. L’%‘!n‘—ﬁ’ia ¥ &R EB2D i Rl EcaREF o B Excel & ¥k

r=COUNTIF(Vadue, “>0" ), -

(63}



A B C D E F G H I J K L M
1 {B(LFHE| Si0: | ALOs | CaO | MgO | KO | NaO | Fe:0s | TiO: | P:Os I{o(zs HE
2 ST 60 102 | 56 40 94 62 160 | 80 142
3 HiEaE 100 | 61.539 | 11597 | 5.6138 | 1.5180 | 4.1785 | 1.6525 | 5.7897 | 0.4876 | 0.1256 0.209
4 HESE 100 | 62.205 | 11.855 | 5.7299 | 1.5625 | 4.0918 | 1.6528 | 5.8525 | 0.0447 | 0.0229 0211
5 |SEEEAEEEGE| 17798 | 0.6668 | 02571 | 0.1160 | 0.0445 | 0.0867 | 0.0002 | 0.0627 | 04428 | 0.1026 | 0
6 | APIKERIE-d |40.77662
7 Hib&EA 0
8 BAERA 0
9 ENE#-EL 2328208
10 ZFER 0.59902
11 WER 0.70937
12 | FEEIRCKHD) 0
13 EFH+ 2
14 BRI 0
15 EIB LY 0
16 B RRAERR 0
17 LSl ] 8.871958
18 HEA 0
19 il 1.419087
20 i3 0
21 | ER@EERESS) ] 0.762655
2 PaE S 18.5042
23 FALE 3.075016
24 = w7 0
25 JERHEL 10
26 SPESAE 0022051

N 0 P Q R S T U \Y W X
1 | Co MgO K:0 NaO | ALO: SiO> TiO> P05 | SiO/ALOs | ROARO+RO) | HZBE(4EK
2
3 | 0478955 | 0.181317 | 0.212382 | 0.127346 | 0.543253 | 4.900269 | 0.172886 | 0.029122 | 0.004226 | 9.020229 | 0.660271
4 10483614 | 0.184638 | 0.205745 | 0.126003 | 0.549343 | 4.900260 | 0.172887 | 0.002644 | 0.000764 | 8920229 | 0.668252
5 | 0.004659 | 0.003321 | 0.006638 | 0.001343 | 0.00609 | 1.41E-09 | 1.03E-07 | 0.026478 | 0.003462 0.1 0.007981
W2 AERNEE LG RS S S Excd R K2 %

13 3% TR

sz e DR R ER ) o
QD) GhiEe@): it BRY H =% REHERT A RS k47 » T

10

¥ X

._F]ﬂ

33,

s

P E’ﬁ}‘l{ TR P4

B K5 1000 » ¥ U LS - i £ 3228 4o 10045 o



(2 HdiEe(2): Jﬁ{f’ﬁrf%’*L%zﬁii:é‘_fé.ﬁﬁ"‘«r;rﬁaomwﬁiw 4 2%
FRARFE R A AL EE R R R NF g S
Flox FIE B anh % KRR A H 0 4 T s E Y 0T
BolEzo bt b ol BORRINRA AR 0 I RS R R
PELS PR A R R HE S O

B (3 : Al * ek T o — &H EFH Rl RN
gHE > % 5 RPN R AR A AL A A o TP - R K
A RAL

(4) B iEEE)(5): 5 SI0/AI,03 2 ROI(RO+R0)fe +t e 3 2. /4 % B 3K %
EIE (NI RRIA) o 2FTF #- S0, /AILO; s ZL I8 E % T4 05
2 > ROIRO+RO)ML 374G $H 1 & 005 2 p > A & ehfp b B+ 9 L
10:1° 2B EXRET UXTEL | 4012 001; Fo2ENEG
ﬁﬂﬁ%’ A iEH Ak o x F R P 05 % 0054 mfE o BIERE Y B

el

!l
5

—~
1
i

.ﬂf/’f‘f’l]ﬁ\u—;—x——o

+
14, x>t Trvieis TR K258, 2FL4HT (B 3)

[ amums |/ ammen |

RMERSD 8

s EBERTES [L?
¥ o griE @ 8ME O BEE

TEE T, 7
| Value e
REIER

$B$32 <=6 N
$B84 = 100 = |

5
[}
£
h
]
=

$X$5 «=001 bd]|

# R

B3 Excel | ffzen TR Lizd8, RT 2 AR 2

53 RELFH > K2 FAHE%

FIRFHPHREHEY T2/ FORPFHS Foo 88 2R E RS T#H
ri’»‘{*ﬁ—*'ﬁé\%?‘éi\ HHh o E TR R ’VIJ?%:%J E ’—%i.---p%/v Hde T

53.1 i%%n‘ﬁ'%%&;‘*ﬂ%"%
A RAENT Y R fg Mﬁmésﬁwﬂ.‘*%fr’ ¥ 2B d 3 H P 27
a,ar?%fw’izrﬁ,ﬂ'éw i Fa B R % o Y hip- 04 g
AT Y 2 RALISE AT R H 'Lg‘*k\ % 1F Excel TG RfE 2 EE o

11



BIES T2 2B AH B RS B> FFZ G4 P fz e
SRR ERIAGTRZERRY A R HATN B a7
r%#‘Jm€+’ﬂiﬂg*ﬂﬁﬁﬁ’j%%£1F&ﬁ¢&§$ﬁiﬂ§’
FaporddAEOR M SR LEFRRDER S RI B HYLFEETEL D
AR AP AP E T RSk BFHERLT A ,@; :
a P 3 #=SUM(N5:T5)
b. P & 5 #%=SUM(N5:T5)+V5+W5
C. P & & H=SUM(N5:T5)+2*V5+W5
d. P # & #i=SUM(N5:T5)+3*V5+W5
e P & H=SUM(N5:T5)+V5+2* W5
f. P & & H=SUM(N5:T5)+V5+3* W5
TSUM(NSTS) | % 3 & § it 4 e B #ic X $7 2. 8 4 B eniifo o rv5J . TW5
A ul i TSI0,/AILOs | 2 TRO/(RO+R0) | e g 2 GHE o itad TR
B b paE AgcLipine > v 2 R TSIO2/AILOs; 2 TRO/(RO+R0)
SEFE 0 REFV G e o
MR I B2ZAHTHEAL] = 2% 0T ..‘_L FEFIELEAIER & 45103 ﬁﬂﬁi‘
ndet s EER AN EP R CBHAR - BHE I F R0 HEs B R
fExcel "RAIKRfR 2 TPl (AR5 Hany ARLifr 9 %’r'_ﬂ_»mfr) gl
ﬁ%%l%ﬁ’ﬁbﬁ?ﬁ@mufgggq-
1 'E B % Rl > ARG it L8 T300 fici 52 7] 475 11 ik #
S U WP MR 2 AR R Lﬁéﬁ‘;’ FIX A A - X I
[ERE R S Er R R
2 FT P RS 2 EenB{A BB LR HHE RA S AL (X hLE;
h T RgpA e 02 0T A5 p T R IR IT M S 2k o LR WP
"ERS ) AHEFT SR R HEL S E
3. +‘&m—ﬁr9ﬁm$J#ﬂ Tl ak @ SR E s TR gt
ERS 31
=zES

=
tmkf F>

7

A g X GEENA - F] 5 4 [ S0, /A10s 2 T ROI(RO+R0) |
2 AR RP AR R TPl BEA B RS i
e A e < ka2 o %S0, /AILOs 3 TRO(RO+R0) |
AEXR 012 001 R FTw > 2P A TRLIRE ) GuFE e
- iEE
4, b EEATEP hR B L THARE | E (i mﬁjmﬁm&noz@w
AR WIIBAT B E VAL R R BB TR A
gt DX HARRF 3 ESFLBR ﬁxiﬁxi:}'mk LB
T |~ Tougm | = BamA o A H IR FBERIRENLHEa =
FUMAB GRS AL EPART PR 0 @ Ti- A drek
& A peh g o

12



21 TR R, 2 P ES A SR P RS k- T4
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Dal12-2 Al 0.022051 0.1 0.008 47778 | 47778 | 47778

A-al0 | 0.013448 0.1 0

A-b10 | 0.46144 0 0.0069

A-c10 | 0513245 0 0.003

A-d10 | 0.177201 0 0.000169

A-e10 | 0.129165 0 0
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A-a20 | 0.023357 0.1 0.0088 4.7593 4.8519

A-b20 | 0.278958 0 0.01 47778
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FMokREME-al 645 | 128 | 027 | 275 | 452 | 068 | 76 | 09 |025| 0.14 | 85838
F ok EAR-C | 638 | 17.8 | 061 | 227 | 3.06 | 218 | 691 | 0.85 | 0.15 6.0879
FMokEMAR-d| 623 | 165 | 081 | 229 | 296 | 229 | 6.84 0 | 01 6.4120
poYogsNE | 602 214 | 18 | 288 (328 O | 831 | 0.85 | 0.04 4.7858
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R A-g12 DT A-g25 | 4.94444 5 488889
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FZERSE | ATt | o | S0 | BEFEY | MEERESE | RRETE | Yo% | /b | E@EYE
Da138-1 B-g10 4.94444 5 4.88889 | Da138-1 | B-g24 4.94444 5 4.88889
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80% E-g13 4.80556 4.94444 80% E-g26
E-g14 E-g27 4.80556 | 4.88889
E-g15 4.83333 E-g30
E-g16 E-g32
E-g17 4.83333 E-g33 486111 | 477778 | 4.94444
E-g20 4.88889 | 4.94444 | 4.83333 E-g34
E-g22 4.88889 | 4.88889 | 4.88889 E-g35
E-g23 E-g36
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C7 4.8333 4.9259 47407 | 20%F5c
Dc113 D1 BT | D8 30%74FT ¢
SIS 60% D2 4.7222 47778 | 10%FF9d | D9 40%75F9 ¢
D3 20%FF9d | D10 10%H A=
D4 47778 | 30%4AF9d | D11 20%H H
D5 40%=F9d | D12 30%H HE
D6 10%#HF9c | D13 40%H HE

D7 20%74F ¢
Rc105 El 4.8333 5 10%7F d E7 47778 | 4.8148 30%fF ¢
JHYJE 80% E2 4.8889 | 4.7778 5 20%74M d ES 4.7778 40%75F9 ¢
E3 4.8333 | 4.8148 | 4.8519 | 30%ffd E9 47778 | 4.8519 10%H A7
E4 47778 | 47778 | 47778 | 40%FF9d | E10 | 4.7593 | 4.8519 20%H HE
E5 47963 | 4.7778 | 4.8148 | 10%4AFic | El1l 30%H HE
E6 4.7407 48148 | 20%AF9c | E12 40%H HiE
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