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THE BEGINNING.OF THE USING OF ZINC IN CHINA.
" BY H. T, CHANG.

In my work, I.m.pida.rium-Sinicum," the chapter on brass is specially
devoted to this inquiry. Recently Dr. Read of the U. B. Burean of Mines
wrote t6. Dr. Ting, suggesting the question whether “The ‘knowledge of
zine-smelting in India is previous to ‘that daveloped in China.’! Therefore
T have asked- Mr. P. L. Yuan to translate the chapler on bronze into English
in complete version. Now I wish again to point out the fact that the
knowledga of zincsmelling in Chine was developed independently and noi
obtained from any enother sountry outside..

Prof. P. Neogi of Government College at Bajsahn said that according
to, ** Sanskrit books of the twelith and thirteanth céntaries,”’ India was the
first country to discover the processes of'smalting_zinc. Prof. Neogi also said
that in the seventh century there were slready records of iinc-smalting, only
that zine was not regorded as a metal. In the fourleenth century its metallic
‘property became more known and not until sixteenth centurj' evary one knew
that it is a kind of metal. ‘

But, Df. Laufer deeply bolieves that it is the Arabs who first
developed the procesy of zmc -smeliing. "In his book, Bino-Franica, he did
not prove by any records that the process of emelting zinc in China is
derived from India.

Now if we want to investigate the history of the.using of zinc in
China’ alono, it is best to search for evidences after the Three Dynasties (Z4R%
2205-255 B. C.). The Three Dynesties were in the Bronze Ageof full
&avelopment. But what they used was the so-called Chingt’ung or Hsiang-
t’ung, en alloy of copper and tin. According to the six varieties recorded in
the chapter on K’ackungchi (5 LEL) of Chowli (), their percentages are
recalenlated as follows : '

_ Variety of {ool Percantage of Cu. ' Percentage of Sn.
Bells and Tripods (84 U0 83 | 17
Wedged axe - (B k) 80 20
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Weapon aze (R B 75 25
Large knives Xk M 87 83
Arrow Heads  (RIBK) 80 40
Mirrors (=W 50 50

In the lator part of Chow -(Fl) and in Chin. (%) times the elloy
of copper was gtill made with' tin. Such books as Heuntsu (#F), Yueh-
“chupshn (RB#A) Hanfeitsn . (ﬁ#?) can well prove this fact, end it“need
not be repeated again.
Tn Shihouchi (K% Memoir on Manetary Systemn) of Hanshu
(RW History of The Han Dynasty) it is recorded : |
" Ohin Dynasty-congolidats the whole nation and the quality of its cbina is
" 88 8ame 88 that made in tha Obow. Dynasty'.
Evidently there-is ne prool tp show the ume of zing before the limes
of Ghow end €hin..
" % wes until the compsmatively recant dynasty of Ming (M3) thet
tinc was dwelt upon in the clearst manner. Some pasmgescan be cited
here. In Walihsiaochih (#7818 Notes of Sciencss) :

‘Both the alloy of copper with Wochien (@fr sinc) and that of copper with

.. Lukanshib (M#7% emithsonite) have the’ game Follow COlor.uuverre cerseass: Tha
brass made from amitbsonite is pslleable in the fire. Thet made [rom Wo-
chlen shorld botaken gut from the Inrnece and poonded sfter.it becomes
cold. In making coins with Wochien (xin¢) in the proportion of 8 parts
ol Wochien io 4 parta of copper their color ‘is blaclr, and thay are easily
broken when dropped.”

In. Penteackangmn  (KEfAH Plant Medicine) by Li-shih-chin
-(FERYE) - )

“The different pieces of Lokanehih have varions eizes, looking like a
sheep’s braln, end feeling greasy Jike Kaolin, Tué red copper where in
oomblnat:on mth Lukanshih will became yollow. ‘The present brass is mede
in this way.”’

In Fangyitchiyao (HMEE Essential of CGeography) by Ko-tau—yﬁ
(RHLS) :

“Ning ChouZ{¥§#1}, Yunnan, produces smithaonite. In the time of Chiar
ching (JH]) it was mixed with copper to make colns."”

It is also eaid in Wulibsiaochih:
* Wochien is not obtained from & lead ore, but by ama‘ltmg ewitheonite."
This shows at that time paople- nlrendy knew that smithsonits

is & zine ore.
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In Tlenkungkalwn (%Iﬁ%) the constitution of alloys are slatéd

as followa:

' Composition ) .
: Capper T Zino
~ Alloys . .

Hpangtung (H#) ‘ _
(Yellow Gopper) | % | | 0%

Hsisngtung (JH8)
(Bronze proper)

80 % -0 %

Ticbitung (KB
¢Ordingry vessel)

50-40 % ' - 50 60.%

Huohsatung ( &18%H) ' ' _
Copper-after heat 70 % 80 %
treatment)

It i8 aleo said in the same book ;.

“ There ia no snch term a8 Wochizn in- old books. .1t ia 8 new term lor the
metal that is emelted from smithsgnite. Tt occors slong the Tel Hong Shan
(k$71l1) in Bhounsi, and also somewhat lezs in Ching Heng ({#% Hupeh and
Hunan). Every ten cattiea of smitheonite are put into 8 ¢lax erucible which In
then covered tightly with mud. The mod is laft to become dry and it will
not crack while eubjecting to red beat. Layera of coal arg laid below the
cracible. Start the fire with log and thatches. The emithsonita In the
crafcible melts and becomes solid after being left in cold -alr. Break the
crucible, and obtain the substance. For every tan catties of ore, two
catties are lost. 'What ia left ia zine. 1i this wera not collected by copper, it
would volatilize in the fire,. Because it looks like lead, but more brittle and
hard, it is called Wochlen. '

From there wo can well understand the proc.ess-ot zine-smelting and
its utility in the Ming dynasty. '

To advance the subject & little farther, we can not help to trace back
a little earlior to the Sung (%) Dynasty (960-1278 A. D.). The term
Lukaushik was not coined by the Ming people. In Tsachuachinan (F{LiEH
the Guide to Creation) it is said:

“‘Lukanshih i affected by gold and silver. Only after thres thousand years
it can become a massand be osed in alchemy.

In Waitanpentsao (#4344 %) by Tsue-fang (3 H):

‘'Uee two catties of copper and ons eatty of Lukanshjh and melt the mu:lum._
One gets one and hall calties of T'oushih (§H)."

The two books mentioned immediately above ave the works by the’

.
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alehemists of Taoism. The firsi one, i.c., Tsaohuachinan, is said to be
the sayings of one of their Saints (:BRTRE) and they were noted
down by Pao-putsu (§RFFF). But the book was resxamined by Li:shih-
chin (ZFEFFE2) in the Ming Dynasty, who regarded it to be & work compﬂed
by the priests of Taoism of the Sung and Yuan dynasiies,

Probably in the Sung Dynasty, smithsonite was already used in
smelting. It was first uged for making alloys with copper, snd surely it was
ﬂiseovered by the alchemists of Taoism. They called Lukenshih - (3 H7)
tlgo By the term Lushienaherig (HE2k4:). Since it was often seen in the
furnace {Lu ﬂ) therefore t.ha prefix, Lan (&), was here uged. Pao-pu-tsu was
en alchemist in the Ch’in Dynast.y {&%¥). In his book, *‘Paoputsn,” there
is.no such term yet. Therefore the Taoist’'s book '* Guide,to the Creatlon
can not be eaid to have been noted by him. :

Then if one goes to-search’ in the official history, he will get more

evidences. In the Shibouchih (&) of the Sung Dynasty :

' A frgt, Tesiching (ER) advocated the use of mixed-lin mopey. For

meking every. 1,000 coins, there were msed eight cattica of copper, fonr

catties of * black tin ” {Hahs) and two catties of ‘* white tin’ (Pahsi) and
the term ** white tin ** here used is meant by zinc.”” .

After a long research I found out in the ook, Yii-pien (E ), lead was
called “black tin" (Heihsi). But according to. the present usage, lead
.(Chien) iscalied black Jead' (Heichieny and zinc is called “white lead”

(Peichien). -
In the time of Sung, lead was also called ** black laad" for example

in Shibouchil :
* Heti-Yen (#@) used alf the “'Dlack lead”, which was left by the minls
in the Southeast provinces, to make red painta."

Here “ black lead " is suraly the lead of to-day. Thus-‘black lead” -

and “bleck Uin'’ were the same thing. ‘“White lead" and “whlto tin”’
surely could also be the same, and bolh wers zine. '
In Paochnanlun (RILEY) :
In gold alloys, there are Prheiking (white-tin- gold) and Heiisiking {black-
tin-gold).’!
In Tangjehuetsn (HfAZET) :
"There are seventeen varietien of milver alloys such s pahsiyin or "'while-
tin-gilver” and heihaiyin or “'black-lead-silver’’ ete.*
The fact that Peihsi (white-lin) wes always diatinguished_ from

heichien (black-lead) is just as same as the presont usage of ‘‘white lead’ and
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""black lead™. '

Formerly the words, lead and tin; seem to be used very loosely. For
example, in Hauehwen (F3) *‘leadis n greyish gold (metal)” In its
notes by Hual-nan-tsu (?&Tﬁ?) '*Greyish .gold is tm 8o lead and tin
“ware both deseribed as s greymh metal. |

Hufen ($18)) was a powder of lead, but was called tin powder in |
medical books. “So far all thé guolations’show- that lead and tin were
interchangeably used-in anecient times.: Therofore we can eonclude that what
was called ‘‘ white tin *’ was * white lead ” or zine. '

Agam the analysis of the Sung coines! gives the following percent-

ages:— Sl _ .

. Colins : - Time (A.D) Percentage of zine
Shuen-hua ** (¥4} 090-994 . ' o a 1.08
Chih-ping  (§5%F)' 1064-1967 : - , 1.00
Shih-ning  (BBE)  -1088-1077. . 1.40
Yuang-feng (JEE)  1078-1085 2,18
Yuang-yn  (7EFE)  1086-1093 - 1.26

Chao-sheng  (i38)  1094.1097 13.16
Takwsn  (KB)  1107-1110 _ 0.97 .
Cheng-ho  (Ff)  1111-1117 2.14

. We have no check on the accuracy of the analysis. But anyway
they suffice to show tha.t ‘there i8 zine in- the coins. The high -percaﬁtage
(13%) of zine in the Chao-sheng coins may somewbat startle the reader,

" but it is surely not due to unintentionnl mixture. . Its complete .analysis may
be given here.

Gl tevesriere vecreeeeinreneearnans e 55.49 %
)23 S U 25.80 %
/7 13.16 %
SI1 ceneeeetteieresereite e ar e e e e e et e sEer e rteaa s 3.07 %
B X T S 149 %

Thus the composilion counfiring ihe statemsnt quoted above from
Suagahih (Ri), i.e., heihet (245 Jead) ia one half of the amount of copper
and peiksih (tin) is one balf of the amount of Heihsih (lead).

During the reign of Chao-sheng, Tsni-ching was the prime minister.

1. Sdence, Chinn Vol. § No. 11
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' The “‘mixed-metal" coinage he proposed to make was then the mixing of zine.
~ Tn Bhibucehib of Bungshib :

“In the third year {1017) of Tien-hei (X§¥) it was decreed that criminals -
egainet the use of Tungt’oushih (RM%E) were to be exampted from eapital
ponishment. 8ince the reign of Hei-ning (E4) the officera had strictly
anforeed the law to prohibit privale mmelting. AN the wares of T’oushih
wetemade and sold by the governinent anly.”

T'oushih was 'a brags, an alloy of copper and zinc. Then hrass
wares must have been prevailingly used. Also in Laushuhanpichi (28 HE
#12) by Lu-you () :

“‘Copper has yellow color, Balls, tripods, ote. ade in old times are all
wares of “‘yallow copper’”. Now as we obtain them from excavation, they
neturally have a dark color due to long period of tarnighing tndergronnd.
But it is of no reason why the wares made and used for teliginns warship
at present ehonld be colored with dark tint-which in nbtained by burning a

painting medicine (Chemical).’’

This quotstion can be viewed from thres different points: (1) La-
you must have seen much more brass than bronze ; (2) it can be well
understood that those brass wares which were not used for religious worship
must have been of yellow color, (3) ‘the painied vessels were the imitations
of old bronze, but the real material wag a brags. Therofore we can be sure
that in the Sung Dyuasty brass coins and vessels could not be made without
zino,

Only at that time technieal knowledge was not so far advanced to
determine the exact perceniage” which, therefore, conld not be uniform in
-all cases, .

In Weilush (#R%) by Kan-ssu-sun (HELMR) the following passags
was quoted from the Jibhuatss ( 8T of the Tang Dynasty.

" Silver has the peihmyin and heichienyin: varietien,'’

This shows that in the Tﬁng dynasly there wag already such a term
89 pethsi. Because of the white color it was mistaken for silver and therefore
it was called pethsiyin, IF the term peihei were derived from the same term
used in the time of Tang, then we can sy zinc was already used in the Tang
dynasty (620-905 A.D.)

Now how was the actual condition in the time of Sueh (ff§ 5689-618
A.D.) and in the beginning of Tang? In Shihvochih (K 8&) of Suehshu
(Fa) -

“Hiila (§)is cheap. Many are after ita profil.  Coine made by private
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parsona‘can not be restricted *
In Shihuochih of Tangshu (Bf#) :

*“In the time of Yuan:tsnng (%2%) there are in the whole cowntry mninety
nine mints ; each mint makes 8,300,000 coins, using 21,200 catties of copper,
3,700 ea.u.las oElaa.ndEﬂOmtheaoI tin.”

What is Lo then ?  After a laboreous research it is fountl that the
Bupg coinage was made after the method of Tang In Shihhuochih of Sang-
ehih () : '

‘' By inquiry there Is found & man, Ting-chao (T§), an oﬁc"m.l in the coort,
of Nan Tang (P4%), Who knows Yac Bhin (BH¥) and other localities pro-
ducing copper, lead and tis. Then thia offfeial is given foll power to call
meon to mine the metals and to inquire the old ecssting methods. The cnly
methicd found best Is that aged at Jong Ping (44 which eeams to be the
game methiod' of mixing metals of Kai-yoan (J#E) of the Tang Dynasty,
Then Ting-cheo returned to the conrt to make report”.

Thig is to prove that the Sung Dynasiy copied  the msthod of
Ta.ng Bince Sung hes been proved ib have used zine, then Tang ought to
have used it too. What were called changes made by Teai-ching (#£5) are
simply the changes of terminology (heihai and peihsi), the addition of more
amount of zine and calling the coins Chiahsichien (FeiBEE).

Trom what has beon diecussed above, we can understand that Iz used
by Sueh and Tang must contain some zine or might be-a zino-bearing material.

‘Again in Chungshanching (s \Ij #&) Shenhaicling (Il & )
“Hoan Shan (1) produces many pethsi’’. The Comment made by Kno-pn
(W&j tells *'peils is peishi”. This proves-that peishi and peila were the
eame thing. Peihsi used in the Sung time has already been proved to be
zine. There[ora‘peila, must also contain zine. Bat in the Tang Dynasty la
was used in much lnrger amount than tin. Therefore i was not a pure zine.

probably lead bad been also counted under the term la.
To trace ancther step further back, we are to inquire how zino was

uged in the Han Dynesty (201-220 A.D.) and generally, the farther we trace
backward, the lesser is the record and the more difficult is the yesesrch,
Botween the Western Han and the Eastern Han, there was o period
of Hsing Mong (H# 9-22 A.D.) which deserves much.of our attention.
Becanse Wang-mong (E3F)} wes a man to make redical changes. The
monetary system of the Western Han suffere most changes on his account

In Hsihuochih (R${7) of Hanshin (IRM) :

‘' When Wang Mong was & regent, he chauged the rulea of Han and made
coing of copper mixed with lisnisi R ).
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The word Iien did not exist before Han. Also in- Hanshu the
word hen 18 used :

*“All the finds of gold, silver, eapper, l:en hai, (tin), t.nrlmse shield, and
bivalved ghelle come from the oracolar signs { %) .

- In Bsichi (i82) :

““Changsha (B#) hes the occurronce of Henhsi - In Bhoewen - (B#), the
word {ien has the redical, & (King, metal). Lien (E}) is one of the copper
family.” -

Aside from these; it is very searcely sesn even in the books wrilten
in the Hen Dynasty. The so-called lien siated in Hsichi (f138) is
probably & local term for & metal that was produced speclally in the south-
western part of the country at that time. .

. In ancient days, besides Hsu-shan (E-’Hﬂ see Hsueh—mn) Yinshao
(FBEl) said : “Lien is somewhat like copper”. Mong-keng (£R)) wid
- ** Lien is another term for tin.” Li-chih (FF) sid “Chianhsipu i3 called
Lien". AIll these, however, show that there is nb definite metnl so for has
been recognized. By all inveat.iga;tiona, it can be ‘concluded - that lien could
not be other than zine, In the Han Dynasty there were .atill many bronze
(Chingtung). Its color isnearly as whitish es tin. . If the old authors,
Hsu, Ying, and Mong did see the actual Bubslance, the color of len must be
whitish and somewhat like the zine ore.

. Not only the term hsila (4888) in Tangshu and Suehshu ars used
in the same sanse &s lienhsi in Hsichi and Hanshu, the two words len and
la are phonetically related. With all probability, lg is pho_netiml]y derived
from lien. Since lu was & zinc materia), most probably lien hied been the same.
This i8 & proof from etymology-and phonetics. _

T Erhys () hei is called yin (§]). Kuo-pu called peila (E15§) '
in his notes. The yin in Erhya and- Pehai- (E148) in Shanheiching are both
called peila by Kuo-pu. Then yin and peihsi must be the same thing.

The word win (§|) has its radical B} (yin) which means to pull;
same i8 with the word len (). The lien might also be pezhsz This is a
Proof from the meaning of the word.

In Tienkangkaiwe RIER%)) -

“Lokanshil comes frem Ching Heng {Hopst and Hunan) "

In Pentsaokangmu (AM4RE) :
Lakanshih in abundautly preduced in Heieng Tong (#84t) (Fastern Hunan).”



H. T. Chang :—Beginning of the Uking of Zinc in China 256

In Hsichi :
“‘Chengsha produced Henkei" '

The localities are also the same. This i# 8 proof from the geogra-
phical positions.

As T have already quoted from Hsichi, lien was produoed in Chang-

1 happened 1o thiok of the modern dialect in . the southwestern Chine.

At tha present time in Yunnen, zinc is called lien (8f). Therefore both
kinds of lien may be the same. thing, ie. zine (if we regerd the wrilten
words are coined after the spoken language, then it is not improbable that
the written word ¥ (lien) has been subjected to changes during the history).
' Yrom oll what has beon eaid we can understand that lien (of the
Han Dynesty) was most probably a zine. . ,

In the Chinese Magezine, Science, Vol. 8, No. 11, there are {ables
of snalyses of Chinese old coing, the Wuchuchien (33} five-cent piece)
‘contains 2.8 % of zine, - This was not a coin of Wang-mong ; it might be
_one of the Eastern Han.
' I have mentioned that the first people who used Lukanshih to meke

 brass was e Taoist. In Hankuangyi (HE{#% Official Statues of Han) :

 Wang-mong usurped the reigo, abolished the Wuchu coinage. He started
& emaller coinage systeme and called the coins Peifuchchenjen (EARA) 7.

This name is characteristic of the Tao:st's idea. Io all probability, the
method of making Wong-rong's coins was ‘derived from the alchemist of
Taoism,

Generally speaking, the meLu.llurgma.l process in Chine was developed
in the enrliest time by the Tan-taao (FJ4K alchemist) group of the Tacists, In
the Chin Dypasty there was an alchemist called Pdo-pu-tsa (33T & man
of third contary) who had never said auythiug about zine. In the Western
Han: (2019 B.C.) Lao-ochin (&) snd Husi-van-wang (#i#F) made some
alloys for nadicine. Tater on, paople o[tet-n mislook them for gold. In
Menghsipitan (ZEREY) by Sun-kuo (Pi8) -

" Al Pa Kuog Shan in Shou Chou (##) flat and round pieces of gold are
often found in the soils and gullies, with the words AN+ (Liu-chu) stamped
" onthem. Peoplo eay that they are the medicine of Huei-nan-waug, and
valled them Yontsechin (FiF4; stamped gold). In Hsiang Bueh (M
northern Hupeh) gold is dug out from the soil ; its -ghape likes the foot of .

Lorge. Itisso soft that it can be cut by knife and powdered by stone. | (A

in anid that they.were made by Lao-chin for mnixing medicine, *’
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Lao-chin was a.man of Han-kao-dsu's {jme (201-192 B.C.) Huei-
_namdwang was-a man of Wu-ti’s time (139-84 B.C:). In the year Yuan-shao
of Wu ti, Huei-nan-wan raised a robollion and was disposed from his I;rhi:dci-
pality. At .that time such false gold wes very common. In King-ti’s time
(155-138 B. C.) a decree wasg issued for the capital “prnishment of molding
fylse jpld (03 recorded in Hanshu). This false gold must have been of
vellow color, ‘ ' :
N In Husi-nan-tsu : ““ Longing for the false gold of Tang Ya.ng :
‘Eridently it was the Teuygng “copper - (JF% .an dllow), Thia ™ alloy was"
mede by San-mo-chuin (__.;]"‘E') of Toaisis for the people in famine in Tan
Yang. "Lately people’ used zine power (#E$)) to polish copper and called it
the méthod ““Tanyang®. (in Hsishanfulan §§ LB of the Sung Dynasty).
Although 1lie method of making Tainyang- copper has lost, probdbly it was
the begmmnrr of making brass;

Thugs the use of zine in Chmu. is vary far back ‘in’ history. In com-
paring with 1ndis; we note that the Sung Dynasly had the clearest record lo
“show the use of zine; the Sung Dyuasty belonged to the eleventh century. "Ii
was in twelfth and thirleenth century that India began to hive ahy record of
it. The'n‘we can sy thal Ghiﬁese mothod was not derived from India. It
we recognmed that in the.saventh coufury India already ha(l Lhe method of
Zlub-blﬂbltlllg| Chiueso eso Liistory ad far  ack us that, of Wang-moug m-thavary -
bagmﬁmﬂ' of Ohrislian ora shows tho uss of zine in coinage. Basides, the use
of zine in China wa§ developed bg,r" tl)pn'l‘ﬂt}lsts whereab that in India, by
_Budﬁhlsl.h The Taomts could not hava recaivad n.nytluug of Buddhists, 1t

is clear tha.t thera is no relation whal‘evet‘ m“ﬂie-smeltmg of. zlnc in China
. and m Indlu. -

]turlhurmo;t, the false "gold of early part of ‘the Western Hgn

D_\'ml.sLy has lbeen msde according -io the advices of the alchemists of

,Tacnam (;onsndarmw from techojcal point of view, - the false gold-making , .
could not have no relation™with zinc- smalting ; this was faken p‘lace in 200

B.C. At that partioular time at least there was not kuown any communication

with Tdrkestan and the far west. Not only the Buddhism had not yet come to-

China. Even thero wad also.no communication with Persia aud Arabia. So

-ft can e said thab the #ine wag usd in Ching earlier than in India and that
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prohably il was independently discovered by the Taoists.

Jirst it was used in coins. Why ? Because at that time the alehemist
evxpecled to become rich by making gold. The Tonyang was used to relieve
the people from suffering famine. The uge in coinage bears the same purpose.
Zine was nob used in making vessels before the Bung {ime. Tt has two evidences.
First of all there is no record to prove the use of brass bhefore Tang. Secondly
o positive proof is oblsined from the analyses of Dr. Chikaeshige of Jupan who
showed that the vessels made before Tang has the same proportion as that
recorded in Kokungohi of Chowli already referrod to in the first parl of this

paper : _
Contleuts of zine in vesusly
nud tools Lefore Tang.

Bolls.......... et 19 %

Arrow-heads...... e, 18-17 %
Weapan Axe......ccecoceerenn.. 16-22 %
)G ET ) o 25-31 %

Contents of zinc according
to records in Kokungcehi.

Bells end Tripods ...... ...... 17 %
Wedging Axe .....coceravenree. 30 %
Weapon AXC...occiceeniniinnns 25 ¥
farge Knife.................... 33 %
Cutting Knife...... ........... 40 %





